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Abstract

Study design Expert workgroup consensus, focused literature review, and vetting via feedback from international pre-
sentations and spinal cord professional membership groups.

Objectives Develop and refine a basic dataset to enable standardized documentation of physical therapy (PT) and occu-
pational therapy (OT) interventions delivered in a controlled clinical trial intended to improve voluntary motor function.
Setting International Expert Working Group.

Methods An international working group with expertise in spinal cord injury, PT, OT, and measurement developed a draft
of the International Spinal Cord Injury (ISCI) Physical Therapy—Occupational Therapy (PT-OT) Basic Data Set (BDS).
Emphasis was placed on efficiency and practicality of use. The BDS was iteratively refined based on applicable literature,
and feedback collected from presentations at the 2017 and 2019 International Spinal Cord Society meetings.

Results The ISCI PT-OT BDS contains seven broad categories of interventions: bed/seated mobility, standing activities,
walking/stairs, gross motor upper extremity, fine motor upper extremity, strength training, and endurance training. The first
five categories are classified as activity-directed and the last two as impairment-directed interventions. Time spent on
interventions per category is recorded in 15-min intervals.

Conclusions The ISCI PT-OT BDS enables standardized documentation of PT-OT activity-directed or impairment-directed
interventions. The ISCI PT-OT BDS is a documentation tool to facilitate evaluation of the influence of rehabilitation
therapies on motor function in clinical trials of biologic or pharmacologic agents or rehabilitation technologies that are
delivered in the clinical setting.

Introduction

Many spinal cord injury (SCI) clinical trials of biologic or
pharmacologic agents or rehabilitation technologies target
primary endpoints of reduced neurological impairment, as
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measured by the International Standards for Neurological
Classification of SCI (ISNCSCI) [1], and/or functional
improvement as measured by the Spinal Cord Independence
Measure (SCIM III) [2]. These endpoints are also primary
goals of rehabilitation therapies delivered by physical
therapists (PTs) and occupational therapists (OTs). In ani-
mal models of SCI, there is growing evidence that physical
activity, practice, and training influence neural plasticity,
neuroprotection, regeneration, neural organization, and
neuronal properties [3—-6]. In human SCI clinical trials,
experimental interventions incorporating physical rehabili-
tation have the strongest evidence for efficacy [7].

Clinical trialists therefore need to account for the influence
of therapies delivered by PTs and OTs when delivered con-
currently or as part of experimental interventions or usual care.
To accomplish this, systematic documentation of such therapies
are needed. There are several comprehensive rehabilitation
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Table 1 Initial matching and

. . SCI-ICS SCIRehab therapies form Ranks
ranking results of like
interventions in SC_I' . 11. Muscle power 12. Strengthening 1
Interventions Classification . ) .
System (SCL-ICS) and the 25. Walking 7. Pre gait; 8. Gait 2
SCIRehab taxonomies. 21. Arm and hand use 2. Self-feeding 3
24. Standing 6. Upright activities 4
31. Moving around inside 4. Wheelchair mobility—manual; 5. Wheelchair mobility— 4
power; 7. Pre gait; 8. Gait
22. Positions and movements 2. Bed mobility; 1. Balance
32. Moving around outside 4. Wheelchair mobility—manual; 5. Wheelchair mobility— 7
power; 7. Pre gait; 8. Gait
23. Transfers 3. Transfers 8
13. Muscle tone 9. Range-of-motion (ROM)/stretching
33. Washing oneself 22. Bathing 10
15. Sensory functions 31. Other therapeutic activities 11
17. Musculoskeletal pain 13. Musculoskeletal treatments/modalities; 32. Modalities; 51. 12
Education not covered by other activities
12. Muscle length 9. ROMIstretching 13
14. Joint mobility 9. ROMIstretching 13
36. Dressing 23. Dressing—lower body; 24. Dressing—upper body 13
16. Neuropathic pain 44. Psychotherapeutic intervention; 51. Education not covered 16
by other activities covered by other activities; 54.
Psychosocial support
19. Cardiovascular system 11. Endurance 16
13. Musculoskeletal treatments/modalities 18
26. Handrim wheelchair/(bi) 4. Wheelchair mobility—manual 19
cycle
28. Swimming 19. Aquatic exercises/hydrotherapy 20
34. Caring for body parts 21. Grooming 20

The bold numbers are the top 10 ranked pairings of interventions of the 21 pairings presented.

taxonomies available, including the SCI-Interventions Classi-
fication System (SCI-ICS) [8-10], the SCIRehab taxonomy
[11-13], and the Rehabilitation Treatment Specification System
[14]. However, these extensive taxonomies were developed
expressly to investigate the influence of various physical
rehabilitation interventions on a wide range of outcomes, and
the time required to record the information presents a barrier for
their implementation [15-17].

Our working group (composed of international experts in
SCI, PT, OT, and measurement) was appointed by the
International Spinal Cord Society (ISCoS) Dataset Com-
mittee to develop an International Spinal Cord Injury (ISCI)
Physical Therapy—Occupational Therapy (PT-OT) Basic
Data Set (BDS) as a means to standardize the efficient
collection and reporting of the basic content and time of PT-
OT sessions that are delivered in interventional studies
aimed at improving motor function. We developed the ISCI
PT-OT BDS in accordance with the guidelines of the ISCI
Data Sets [18]. The tool is intended to be used by therapists
to indicate the amount of time expended in each category of
intervention during each skilled therapy session (individual
or group) in an inpatient or outpatient rehabilitation setting.
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Data captured with this tool may be useful not only when
investigating the effect of experimental interventions, but
also when reporting clinical outcomes in case studies, ser-
ies, and pragmatic trials as well as when evaluating clinical
outcomes and/or quality improvement of usual care.

Methods

We reviewed the two most comprehensive SCI rehabilitation
intervention taxonomies available at the time that our working
group was formed (the SCI-ICS and SCIRehab taxonomies)
to identify PT and OT interventions that might be suitable for
inclusion in the dataset. We matched similar interventions
between the two taxonomies, resulting in 21 intervention
pairings (Table 1). To reach consensus, each member inde-
pendently reviewed the pairings of interventions and selected
those believed to directly influence the ISNCSCI motor and
sensory scores and then rank these pairings of interventions in
order of importance. There was 100% agreement that muscle
power/strengthening interventions were the most likely to
have a direct influence on the ISNCSCL
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After the matched and ranked pairings of interventions
were identified (bold numbers in Table 1), we considered
ways to minimize the time and effort required to record the
ISCI PT-OT BDS, and opted to:

(1) Focus on categories of interventions rather than
individual interventions (e.g., all interventions
focused on walking were combined in a single
category, rather than separate categories for over-
ground and treadmill locomotor training),

(2) Include only categories of interventions that may
potentially influence ISNCSCI motor and sensory
scores, and

(3) Cluster similar interventions together into activity- or
impairment-directed intervention groupings as defined
by the International Classification of Functioning,
Disability, and Health.

This process resulted in eleven categories of interven-
tions (Table 2, left), which we further refined using an
iterative consensus process to arrive at seven broad cate-
gories (Table 2, right), after removal of the following:

(1) Toileting (removed from fine motor upper extremity).
This was justified on the basis that data from SCIRehab
study indicate that OTs spend very little rehab time on
toileting skills (primarily performed by nursing) [17];

(2) Range-of-motion (ROM) activities. This was justified
on evidence indicating PT and OT interventions do not
have a meaningful lasting effect on joint ROM [19];

(3) Therapeutic activities to normalize sensation. This was
justified on the basis that it is unlikely that the ISNCSCI

Table 2 Collapsing of therapy modalities into categories of interventions.

sensory scores, or a functional outcome measure would
be improved by these interventions.

Finally, we acknowledged that dose of an intervention is
an important consideration and could influence outcomes.
We agreed that dose, as defined in terms of time and
intensity (physiologic or perceived), also should be cap-
tured. However, we concluded that measuring physiologic
intensity was not feasible as part of usual care, as this
requires specialized equipment, training, and extensive
time. We determined that the component of dose related to
time was best captured by recording the amount of time
spent in each intervention category during a single PT and
\or OT session, apportioned into 15-min intervals based on
typical reporting in clinical practice. A “simple” means of
documenting perceived intensity was much more challen-
ging. We initially selected the Borg scale as a proxy of
perceived intensity and used the modified 0—10 for rating of
perceived exertion (RPE) [21].

An initial round of face and content validity testing was
conducted before presenting the dataset to a larger audience
(described next). We distributed the dataset to PTs and OTs
at institutions where several members of our group hold
positions. The PTs and OTs participating in the validity
assessment were naive to the dataset; we asked them to each
only complete the form once, while working with a single
patient in a single therapy session. We asked for their
comments on the following questions:

(1) Was the intended use of the form clear?
(2) Were the instructions about how to complete the
form clear?

Initial collapsed categories

Revised collapsed categories

1. Strength training

2. Upright position and mobility: walking, standing, transfers with
weight bearing through feet

3. Gross motor upper extremity: dressing, washing

4. Fine motor upper extremity: grooming, toileting, self-feeding

5. Wheelchair mobility: inside, outside

6. Positions and movements: balance, bed mobility, changing position
7. Transfers

8. Therapeutic activities to influence sensory function: stimulation,
sensory input (rubbing)

9. Stretching, passive movement
10. Endurance training

11. Electrical stimulation (may be used for different purposes, so
needs its own category)

1. Strength training (including electrical stimulation for strength)

. Endurance training (including electrical stimulation for endurance)

3. Bed/seated control activities: balance, seated transfers, bed mobility

. Standing control activities: standing, balance, standing transfers with

weight bearing through feet

. Walking, stairs (inside, outside)

. Gross motor upper extremity: dressing, washing, manual wheelchair

mobility

. Fine motor upper extremity: grooming, self-feeding, buttoning,

zipping, adjustment of clothing

SPRINGER NATURE
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(3) Were the treatment time intervals appropriate?
(4) How long did it take to complete the form?
(5) Was the form easy to use?

(6) Any other suggestions?

Fifteen therapists (nine PTs, six OTs) from four different
centers completed the form and provided feedback. Their
collective feedback was that the form was easy to interpret
and complete; no major revisions of the form were
recommended, but helpful comments were provided to
improve the instructions.

We presented the dataset at the 2017 ISCoS annual
meeting during the workshop “Why (and How to) Report
Rehabilitation Activities in Clinical Trials?” for broader
input from the SCI rehabilitation and research communities.
The two major discussions at the workshop centered around:
(1) the exclusive focus on interventions for which there was
evidence of an influence on motor function as measured by
the ISNCSCI exam, and not including interventions believed
to directly influence functional measures such as the FIM
Instrument [20] or the SCIM 111, and (2) the lack of evidence
for the RPE (Borg scale) as an indicator of intensity. First,
based on this feedback, the working group reconsidered the
focus on ISNCSCI. We concurred that as some SCI clinical
trials use the FIM Instrument/SCIM III as an endpoint [22],
the intervention categories included in the BDS should
encompass those having the potential to influence the FIM
Instrument/SCIM 1II items reflecting voluntary motor func-
tion. Intervention categories that had been removed during
earlier iterations of the BDS were reevaluated (see Tables 1
and 2). Given that most items on the FIM Instrument/SCIM
IIT are dependent on voluntary motor function (which is
captured by the ISNCSCI), and the focus of this BDS is on
PT-OT interventions, it was determined that none of the
intervention categories that had been removed had potential
to influence the FIM Instrument/SCIM III. Second, the
working group decided to remove RPE as a proxy for per-
ceived intensity from the dataset.

The revised version of the ISCI PT-OT BDS was presented
at the 2019 ISCoS annual meeting during the workshop “The
International Spinal Cord Injury Physical Therapy - Occu-
pational Therapy Basic Data Set: Rationale, Evidence, and
Vetting.” The main discussion at this workshop centered on
comments from participants about the need to capture inten-
sity. As our working group had already discussed this issue at
length, and could identify no single appropriate measure of
intensity, we decided to include the recommendation that
the issue of intensity be considered in future revisions of the
BDS, at which time a relevant measure may be available. The
final version of the ISCI PT-OT BDS (version 1.2) that has
been approved through the dataset approval process and
slightly revised during review of this publication is provided
in the Supplementary Material.

SPRINGER NATURE

Results

The final version of the ISCI PT-OT BDS is described
below, as well as the rationale for inclusion of each variable.
Applicable citations are included from studies wherein
effects of the intervention on ISNCSCI or FIM Instrument/
SCIM III were identified. Where no citations are provided,
the inclusion of a data variable was based on working group
consensus derived from knowledge of studies that used
outcome measures other than the ISNCSCI or FIM Instru-
ment/SCIM 1II as measures of strength and physical
functioning.

Identifying information (center name, therapist
name, patient identification, date, time)

The identifying information variables are intended to dis-
tinguish the record based on the center, therapist, and
patient identification. Date of data collection captures the
date of data collection in order to identify data collected in
relation to other data collected on the same patient at var-
ious time points, as the recording of data on PT and OT
rehabilitation interventions may be done at any time after
SCI. Time of data collection captures the time of day when
the intervention session was delivered in order to distin-
guish it from data collected during other sessions on the
same day. One form is required per session.

Setting

This variable captures the setting in which the intervention
session was delivered. Delivery of rehabilitation interven-
tions may have a different focus depending on the setting.
Therefore, identification of either inpatient or outpatient
setting is included.

Time (in min)

For each of the intervention categories described below,
time spent on each is recorded in the following 15 min
intervals: <15, 15-29, 30-44, 45-60, and >60.

Activity-directed interventions—bed/seated
activities: balance, seated transfers, and bed
mobility

Sitting balance and seated transfers include interventions
delivered while the patient is in an upright seated position,
with or without assistive devices, such as a transfer board,
and with any amount of physical assistance. Bed mobility
includes interventions delivered while the patient is in a
lying or sitting position, with or without the use of assistive
devices, and with any amount of physical assistance.
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Examples include sitting balance training on even or uneven
surfaces as well as seated transfers from bed to wheelchair,
wheelchair to toilet or shower, and wheelchair to floor. Bed
mobility examples include rolling from supine to side-lying
and side-lying to sitting.

Activity-directed interventions—standing activities:
standing, balance, and standing transfers weight
bearing

Included are any interventions performed in an upright
position, with or without assistive devices or lower extre-
mity bracing, with or without physical assistance (ranging
from supervision to maximal assistance), and any number of
personnel. This encompasses any intervention that is not
considered walking but is performed in a lower extremity
weight bearing position. Examples include weight shifting,
balance perturbations, stepping up and down (ther-
apeutically, not as stair climbing), sit to and from stand,
standing unsupported or supported, standing transfers, and
single or double leg stance. Balance is a prerequisite to
participating in activities of daily living, as captured by FIM
Instrument/SCIM 1II [23].

Activity-directed interventions—walking and stairs
(inside, outside)

This variable captures any intervention involving more than
one active sequential step, which is unrelated to balance or
standing training. These interventions would be performed in
an upright, lower extremity weight bearing position, with any
amount of physical assistance, assistive device(s), or lower
extremity bracing. Examples include overground walking,
walking over uneven terrain, treadmill gait training, walking
inside or outside, and stair climbing with or without use of
railings. Interventions may occur in a variety of gait patterns
(such as reciprocal, step to, swing through, etc.). Locomotor
training is associated with improvements in the ISNCSCI
lower extremity motor score [24-26]. In one RCT that
included multiple interventions, wherein locomotor training
was a large component of the training, improvements in
ISNCSCIT lower extremity motor score were associated with
training [27]. Walking and stair climbing both are encom-
passed within the FIM Instrument /SCIM III, thus these
interventions directed at these activities may influence FIM
Instrument /SCIM 1II scores in the mobility subscales.

Activity-directed interventions—gross motor upper
extremity dressing, washing, bathing, and manual
wheelchair propulsion

This variable captures any interventions that incorporate
broad movements of the upper extremity at the shoulder

and elbow. These interventions involve active movement
such as reaching in multiple planes, and include activities
performed with physical assistance or adaptive equip-
ment as needed. Activity-directed interventions invol-
ving gross motor upper extremity movements have been
associated with improvements in functional activity
performance [28-30]. Examples include upper body
dressing and bathing, wheelchair propulsion, and inter-
ventions that incorporate unilateral and bilateral
functional reach.

Activity-directed interventions—fine motor upper
extremity: grooming, self-feeding, buttoning,
zipping, and adjustment of clothing

This variable captures any interventions intended to facil-
itate routine daily activities that require active movement to
accomplish a fine motor task. These interventions include
unilateral, bilateral, and bimanual movements incorporating
the elbow, forearm, wrist, and hand. Activities may be
performed with or without adaptive equipment or adapta-
tions. Activity-directed interventions involving fine motor
upper extremity movements have been associated with
improvements in functional activity performance [28-30].
Examples include personal self-care such as grooming,
feeding, and clothing management (buttoning, zipping,
adjustments). This category also includes office and com-
munication activities such as writing, managing electronic
devices (phone, laptop, tablet), as well as leisure/hobby
activities (crafts, games), when included in the rehabilitation
PT-OT activities. Physical assistance and adaptive equip-
ment may be used as needed.

Impairment-directed interventions—strength
training and/or electrical stimulation administered
to increase strength

This variable captures strength training with or without
electrical stimulation, which may increase voluntary
strength [31, 32]. Therefore, it may affect the ISNCSCI
motor scores, which, in turn, could determine the
ISNCSCI motor levels and neurological level, and
American Spinal Injury Association (ASTA) Impairment
Scale (AIS) grade, and FIM Instrument/SCIM III sub-
scores [33]. This variable does not capture electrical
stimulation used for purposes other than to increase
voluntary strength (e.g., it does not capture electrical
stimulation when used as a neuroprosthesis, electrical
stimulation used to induce hypertrophy in fully paral-
yzed muscles, electrical stimulation used to improve
cough, electrical stimulation used to increase cardio-
vascular fitness, electrical stimulation used to decrease
spasticity).

SPRINGER NATURE
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Impairment-directed interventions—endurance
training and/or electrical stimulation administered
to increase endurance

This variable captures endurance training with or without
electrical stimulation provided with the aim of increasing
cardiovascular fitness and/or reducing neuromuscular fati-
gue. Endurance training (with or without electrical stimu-
lation) may increase voluntary strength. Therefore, it may
affect the ISNCSCI motor scores which, in turn, could
determine the motor levels, the single neurological level,
and AIS grade, and potentially FIM/SCIM III subscores.
This variable does not capture electrical stimulation used for
purposes other than to increase endurance (e.g., it does not
capture electrical stimulation when used as a neuroprosth-
esis, electrical stimulation used to induce hypertrophy in
fully paralyzed muscles, electrical stimulation used to
improve cough, electrical stimulation used to increase
voluntary strength, electrical stimulation used to decrease
spasticity).

Total activity- and impairment-directed intervention
time

This variable indicates the total time spent in the specified
session on the activity- and impairment-directed interven-
tions excluding time spent on other activities such as pas-
sive transfers, time donning and doffing assistive devices,
instruction time, etc. The total time spent is recorded by
selecting the corresponding time interval: <15, 15-29,
30-44, 45-60, and >60.

Discussion

The purpose of the ISCI PT-OT BDS is to standardize the
recording of skilled PT and OT interventions that may
influence scores on outcome measures that are commonly
used in clinical trials. It is not intended to prescribe or
compare interventions or guide practice, nor is it intended to
be used for billing purposes. Sponsors of clinical trials could
utilize this standardized reporting tool to indicate the amount
of time spent in each treatment category during a single PT
and/or OT therapy session (individual or group; inpatient or
outpatient setting), so that the cumulative time spent in these
rehabilitation therapies over the course of a clinical trial can
be tracked. To reduce reporting burden, the dataset was
purposefully kept brief, and time is denoted as a range of
minutes. The ISCI PT-OT BDS should be used in con-
junction with the ISCI Core Data Set version 2.0 [34].

The working group acknowledges that intensity (both
physiologic and perceived) is an essential component of
therapy dose, and not capturing it in the dataset is a

SPRINGER NATURE

limitation. As described in “Methods”, attempts were made to
include a measure of perceived intensity; however, there is no
measure that is known to be a valid indicator of intensity for
use across all seven categories of interventions. For example,
while the Borg RPE is valid for endurance activities, it is not
valid for fine motor training activities. Users of the ISCI PT-
OT BDS have the option to add sensitivity by recording the
actual number of minutes, record/count repetitions, use the
Borg scale when appropriate, measure oxygen uptake or heart
rate, or use activity monitors.

Plans for future development

We plan to assess inter-rater reliability of the ISCI PT-OT
BDS via an international study of PTs and OTs who work
with individuals with SCI. In addition, an electronic version
of the ISCI PT-OT BDS has been developed using the
Android operating system that will be made publicly
available. In accord with data protection regulations, the
recorded data will be stored directly on the device as
opposed to being uploaded to the cloud. Finally, with the
ongoing development of sensor-based tracking technolo-
gies, it may be possible to incorporate these technologies
into the ISCI PT-OT BDS. Using these technologies, it may
be possible to incorporate an algorithm to measure intensity,
as well as other aspects of activity- and impairment-directed
PT-OT interventions.

Conclusion

The ISCI PT-OT BDS is a tool to capture the content and
time of activity-directed and impairment-directed PT and
OT interventions administered in an inpatient or outpatient
setting. This standardized reporting tool is intended for use
while an individual with SCI is receiving PT and/or OT in a
controlled clinical trial wherein the goal of the experimental
intervention is to improve strength and/or motor function.
Use of tool imposes minimal additional burden on the
therapist, and has the potential to disentangle the improve-
ments associated with usual care versus those associated
with the experimental intervention.
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