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Movement repetitions in physical and occupational therapy
during spinal cord injury rehabilitation

D Zbogar1,2,3, JJ Eng1,2,3, WC Miller1,2,4, AV Krassioukov2,5 and MC Verrier6,7

Study design: Longitudinal observational study.
Objective: To quantify the amount of upper- and lower-extremity movement repetitions (that is, voluntary movements as part of a
functional task or specific motion) occurring during inpatient spinal cord injury (SCI), physical (PT) and occupational therapy (OT), and
examine changes over the inpatient rehabilitation stay.
Setting: Two stand-alone inpatient SCI rehabilitation centers.
Methods: Participants: A total of 103 patients were recruited through consecutive admissions to SCI rehabilitation. Interventions:
Trained assistants observed therapy sessions and obtained clinical outcome measures in the second week following admission and in
the second to last week before discharge. Main outcome measures: PT and OT time, upper- and lower-extremity repetitions and
changes in these outcomes over the course of rehabilitation stay.
Results: We observed 561 PT and 347 OT sessions. Therapeutic time comprised two-thirds of total therapy time. Summed over PT
and OT, the median upper-extremity repetitions in patients with paraplegia were 7 repetitions and in patients with tetraplegia, 42
repetitions. Lower-extremity repetitions and steps primarily occurred in ambulatory patients and amounted to 218 and 115,
respectively (summed over PT and OT sessions at discharge). Wilcoxon-signed rank tests revealed that most repetition variables did not
change significantly over the inpatient rehabilitation stay. In contrast, clinical outcomes for the arm and leg improved over this time
period.
Conclusions: Repetitions of upper- and lower-extremity movements are markedly low during PT and OT sessions. Despite
improvements in clinical outcomes, there was no significant increase in movement repetitions over the course of inpatient
rehabilitation stay.
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INTRODUCTION

Occupational therapy (OT) and physical therapy (PT) have a central
role in the rehabilitation of individuals who have experienced a spinal
cord injury (SCI). Over the past several years, quantifying therapy
content in SCI rehabilitation has received increasing attention to better
understand current practice. The SCIRehab project is a notable
comprehensive and recent example,1 in which therapists recorded
the number of sessions, minutes, activity-specific details and the extent
of patient participation in PT2 and OT3 sessions in inpatient
rehabilitation. Although studies of content and time spent on
activities4–8 provide a key component to unraveling the relationship
between therapeutic intervention and outcomes, they do not provide
an indication of the amount of active therapist-directed movement
repetitions during that time, which are important for optimizing
neuroplasticity.
Research studies in animals and humans have found that remodel-

ing in the nervous system accompanies the practice of motor tasks
after SCI and can facilitate the recovery of locomotor function9 and
reaching.10 In patients with incomplete SCI, rehabilitation therapies

such as repetitive upper-extremity movements improve hand
function,11,12 whereas locomotor training promotes ambulatory
recovery.13 However, improved locomotor capacity after SCI in the
animal literature involves several hundred to over a thousand
repetitions14,15 with higher doses resulting in improved outcomes.
Overall, the animal and human motor-learning literature supports
repetitions in the mid-hundreds to thousands to show improvement
in upper- or lower-extremity measures.11–15 Measuring repetitions is
also important as it forms a basis for task-specific practice, as well as
muscle conditioning, to ultimately facilitate functional outcomes. For
example, repetitions of movements involving the arms may strengthen
the arms and help learn correct movements to reduce the increased
potential for musculoskeletal injury that results from propelling a
manual wheelchair or performing transfers, whether the individual has
tetraplegia or paraplegia with neurologically intact upper extremities.
Unfortunately, there are no reports that estimate the movement
repetitions during human SCI rehabilitation, and thus we do not
know whether patients are receiving sufficient repetitions to optimize
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their rehabilitation. This study will fill this gap by measuring move-
ment repetitions during inpatient SCI rehabilitation.
Research evidence suggests that the weeks (animal studies) and

months (human studies) following SCI are a critical time window for
optimizing recovery,16–19 when the central nervous system is more
sensitive to stimuli and experience, including exercise in the form of
repetitive practice of voluntary movements. This time generally
corresponds to the sub-acute inpatient rehabilitation stay. Owing to
the SCI itself, any accompanying injuries, prolonged bed rest and a
host of psychological sequelae, it is expected that patients may tolerate
a small number of repetitions early during rehabilitation, but progress
over time to challenge the neurological and musculoskeletal systems.
Thus, knowing the current repetitions of activities during this period
of rehabilitation and how they progress over time will provide a
baseline of activity levels and set the stage for clinical trials aimed at
developing interventions to enhance motor learning and improve
rehabilitation outcomes.
Our aims were to (1) quantify the amount of movement repetitions

(active therapist-directed movement repetitions involving voluntary
movements) that patients experience for the upper extremity and
lower extremity during inpatient SCI rehabilitation and (2) quantify
changes in the amount of movement repetitions that patients with SCI
undertake over their time in rehabilitation. To investigate our
questions we completed the first study to observe PT and OT sessions
and collected information on the amount of repetitions, type of
activity and time spent on activities during inpatient SCI rehabilita-
tion. We expected that movement repetitions would increase for PT
and OT sessions over the SCI inpatient rehabilitation stay, commen-
surate with improvements in patient function. We also expected that
movement repetitions for both upper and lower extremities would be
low during PT and OT sessions.

MATERIALS AND METHODS

Participants
Patients with traumatic and non-traumatic SCI were recruited from consecutive
admissions to inpatient sub-acute care at two stand-alone rehabilitation centers
from November 2010 to December 2012. Non-traumatic SCI was defined as
that resulting from spinal stenosis, tumor, ischemia, transverse myelitis and
infection.20 Ambulatory participants were defined as those who were indepen-
dently ambulatory (with or without assistive devices) at the time of discharge
assessment. Patients were excluded if they had a traumatic brain injury that
significantly affected content and delivery of therapy or if their length of stay in
rehabilitation was projected to beo4 weeks as it precluded the ability to collect
admission and discharge data.
Approval for this study was obtained from the university research ethics

boards. All observed patients and therapists provided informed consent before
therapy observation.

Observed therapy sessions
A trained observer recorded all activities that a patient performed, under the
direction of a physical therapist, occupational therapist or rehabilitation
assistant. The observations most often included PT and OT sessions but also
supplementary sessions with rehabilitation assistants in the rehabilitation area
and on the ward. As we wanted to measure typical active therapy sessions, the
first measurement occurred in the second week after admission to avoid
observation of sessions involving assessments. Observers recorded all PT and
OT therapy activities that occurred on two days within that week. The final
measurement took place in the second-last week before discharge to avoid
discharge planning and re-assessment activities. Again, two days within that
week were observed. Although patients were assessed at different times post
injury, our choice of measurement time is a clinically relevant option as it uses
specific criteria for admission to inpatient rehabilitation services and ensures
that patients are ready to be engaged in intensive rehabilitation activities. To be

admitted for inpatient rehabilitation from acute care, patients must fulfill the
following criteria: be medically stable and benefit from a short-stay inter-
disciplinary rehabilitation program; be able to follow simple commands; be able
to learn and recall enough information from day to day to participate; have
identified specified rehabilitation goals that are attainable; and have adequate
cognition, motivation, behavior and endurance to benefit from an intensive
rehabilitation program. Criteria for discharge from inpatient services include
having achieved goals for inpatient rehabilitation, the patient no longer making
any functional gains, the patient refusing to participate in active rehabilitation,
or being medically unstable.
Therapy sessions were included for observation if more than 50% of

therapeutic time comprised physical rehabilitation. Therapeutic time was
defined as any activity undertaken by the therapist with the goal of treating
the patient and included physical rehabilitation, education, assessments and
interventions designed to improve functional independence. Sessions were
excluded if more than 50% of therapeutic time comprised admission or
discharge assessments, equipment fitting or non-motor issues (for example,
discharge planning, education). Thus, our criteria allowed us to assess
therapeutic repetitions under a best-case scenario, and omitting sessions not
representative of the majority of therapy sessions. Non-therapeutic time was
defined as any activity that occurred but was not for treating the patient’s
condition, such as talking, resting, changing location or setting up for the next
activity. If a session did not occur on a scheduled day or did not meet the
criteria indicated above, an additional day of therapy was observed if it occurred
within one week of the first day of data collection.
Standardization between trained and new observers was accomplished by an

orientation where new observers were familiarized with the data collection
protocol and then recorded sessions with an experienced observer. The lead
investigator and the observer compared therapy observation data sheets
following therapy sessions; feedback was provided, and further sessions were
recorded under supervision until the data recorded were at ⩾ 95% agreement.
In addition to the lead investigator, four individuals (one physical therapist and
three research assistants) observed therapy sessions over the course of the study.
During the observed therapy sessions, the observers situated themselves

such that they were able to clearly see and hear the therapy session while
being a distance away such that their presence did not interfere with
therapy delivery. Moreover, observers did not engage the therapist or
patient during the session.
To record information, the observer used a stopwatch and data collection

sheets to document the type of therapy (PT or OT), repetitions, movement
classification and duration of activity. Movements were classified via a
taxonomy (Table 1) modified from others.21–23 The categories used in this
study included the following: upper extremity (including all arm and hand
movements); hand (a subset including only repetitions of the hand/wrist);
lower extremity (including all lower-extremity activities); and stepping (a subset
of lower extremity including only stepping on flat surfaces or ascending/
descending stairs). As we wished to include only those repetitions that
contributed most to motor and functional recovery (Tables 3–5), we excluded
passive movements.
On the occasion that the patient was undergoing two therapeutic activities at

the same time (for example, simultaneous upper- and lower-extremity
repetitions), both movements were recorded and included as therapeutic
activities. In calculating therapeutic time in a session, we subtracted
non-therapeutic time (for example, resting) from total therapy time to avoid
the possibility of therapeutic time being longer than the actual session time.
Outside of therapy observation, patients were asked how many minutes of

structured group classes they attended that day. These classes were not observed
as patients were not followed outside of individual PT and OT therapy sessions.
Group classes included wheelchair skills, pulleys (upper body) and hand
function.

Clinical outcome measures
Clinical outcome measures were collected on a separate day within the
admission and discharge data collection periods.
The Spinal Cord Independence Measure III assesses the ability of SCI

patients to accomplish activities of daily living in the area of self-care,
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respiration and sphincter management, and mobility,24 and is scored from 0 to
100 with higher scores indicating better functional independence. The measure
has excellent validity and reliability.25

Ambulatory patients were assessed with the Walking Index for SCI II,
designed to gauge ambulation over a 10-m distance with ambulation aids and
physical assistance. Locomotor ability is assessed on a 0–20 hierarchical scale
where a lower number indicates higher impairment. This assessment shows
excellent reliability and validity.26

Grip strength was tested using a hand-held Jamar Dynamometer (Nicholas
MMT, Lafayette Instrument, Lafayette, IN, USA). Patients performed three
maximal voluntary contractions, with at least 30 s of rest between trials. The
trials were averaged to obtain a mean score in kg. Measurements were taken
with the patient seated, the elbow bent at 90° and hand in a neutral position.
This test is reliable and valid for assessing grip in healthy and hand-injured
populations.27,28

The Graded Redefined Assessment of Strength, Sensibility and
Prehension was used in patients with tetraplegia to evaluate muscle,
sensory and grasping function. This assessment involves scoring six
functional tasks and assessing upper-extremity strength and sensibility
(that is, perception of sensation) of the hands; scores for each hand
are summed (0–116), with higher scores indicating better hand function.29

The assessment has demonstrated reliability and validity in the SCI
population.30

Demographic information was collected for age, gender, injury level
(paraplegia/tetraplegia), American Spinal Injury Association Impairment Scale
score, etiology (traumatic or non-traumatic) and length of stay in acute care
and rehabilitation.

Data analysis
For OT and PT, therapy time and repetitions were calculated by averaging
sessions occurring over two days to obtain a daily therapy value. Descriptive

statistics for patient demographics are included in Table 2. Clinical outcome
measures are presented in Table 3, and the therapeutic time and movement
repetition data for patients with paraplegia and tetraplegia are presented in
Tables 4 and 5, respectively. We also provide descriptive data for the tetraplegia
group separated by complete and incomplete SCI status (Table 6), but these
data are not assessed statistically because of the small size of these subsets and
overlap with other analyses. In addition, we present data for those patients able
to ambulate by the time of their discharge assessment because it is likely that
their therapy sessions involved ambulatory goals and activities (Table 7).
Wilcoxon-signed rank tests determined whether therapy times (total time,
therapeutic time) and movement repetitions (total upper extremity, hand, total
lower extremity, steps) changed over the rehabilitation stay from admission to
discharge. Median, interquartile range, Z-value, and effect size (r¼Z/

ffiffiffi

n
p

) are
documented (small effect size= 0.1; medium effect size= 0.3; large effect
size= 0.5).31,32 For clinical outcome measures, means, standard deviations
and confidence intervals for admission and discharge are documented.
Statistical software SPSS 17 (SPSS, Chicago, IL, USA) was used for the

analysis. Given the number of tests employed, a Benjamini–Hochberg
calculated alpha was used to correct for multiple comparisons and minimize
type I error.33 On the basis of the number of comparisons, a Benjamini–
Hochberg alpha value of 0.008 was calculated and utilized. Reported values are
medians unless stated otherwise.

RESULTS

Patient demographics and clinical outcomes
A total of 115 patients entered the study from November 2010 to
December 2012 (recruitment information provided in Figure 1). Of
these, we attained a discharge evaluation for 103 (90%). Although we
could not attain a discharge evaluation for 12 patients because they
were discharged with insufficient notice, demographic variables for

Table 2 Demographic and SCI information for all patients and subgroups of paraplegia and tetraplegia and ambulatory patients

Variable All patients Paraplegia Tetraplegia Ambulatorya

n 103 55 48 45

Gender (M/F) 75/28 (73/27) 38/17 (69/31) 37/11 (77/23) 33/12 (73/27)

Traumatic/non-traumatic 68/35 (66/34) 32/23 (58/42) 36/12 (75/25) 28/17 (62/38)

AIS score (A/B/C/D)b 23/12/12/56 (22/12/12/54) 12/6/9/28 (22/11/16/51) 11/6/3/28 (23/13/6/58) 1/2/0/42 (2/4/0/93)

Age (years) 49±17, 53, 69 48±18, 52, 68 50±17, 53, 60 50±16, 54, 66

LOS in rehabilitation (days) 96±46, 93, 225 85±38, 76, 224 110±51, 116, 215 76±43, 65, 215

LOS in acute care (days) 38±38, 23, 170 32±33, 20, 154 46±43, 30, 165 20±13, 16, 54

Abbreviations: AIS, American Spinal Injury Association Impairment Scale; LOS, length of stay; n, Number of patients.
Values are n (%) or mean± s.d., median, range.
aThe ambulatory group is composed of a subset of individuals from paraplegia and tetraplegia who were able to ambulate by the time of the discharge assessment.
bAlthough the AIS is valid for traumatic SCI, it has not been validated in non-traumatic SCI.

Table 1 Definitions of movements, units of repetition and examples for categories and subcategories

Category Definition Definition of a single repetition Examples

Upper extremity
Total Any movement in which the patient attempted to or moved

the upper limb through a specific motion or attempted or

accomplished a functional task

One movement of 1 limb from initial position and back again

OR one movement from initial position to desired position OR

one movement from one surface to another using the arms

Dumbbell exercises, pulley

exercises using the arm, trans-

fers, mobility

Hand only Any movement in which the patient attempted or moved

the finger(s) or wrist through a specific motion

One movement from initial position and back again Working on grip/dexterity, wrist

roller, squeezing ball, pegboard

Lower extremity
Total Any movement in which the patient attempted or moved

the lower limb through a specific motion

One movement of 1 limb from initial position and back again Hip abduction; knee extension;

hamstring curl, balance training

Gait Walking overground or on a treadmill; going up and/or

down stairs

Each step of each foot Walking
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these patients (not reported) were similar to those included for
analyses. Demographic information is provided in Table 2. From the
103 patients in this study, we observed 561 PT sessions and 347 OT
sessions. Some patients did not engage in any session over the
observed week that was focused on physical activities and were
assigned a value of zero repetitions. This occurred for four patients
before discharge from PT, for 22 patients after OT admission and for
42 patients before OT discharge.
There were clinically meaningful improvements for all clinical

outcome measures except grip strength for individuals with paraplegia
(Table 3).

Changes in therapy time
Total therapy session time and therapeutic time did not change during
PT sessions over the rehabilitation stay, but did during OT sessions for
individuals with paraplegia who experienced a reduction in both these
variables (Total time: 34 versus 0 min; Therapeutic time: 17 versus

0 min) (Table 4). For all patients, total time in therapy for PT and OT
sessions combined amounted to a median 1.6 h at admission and 1.1 h
at discharge, and on average 60% of total time was classified as
therapeutic time.

Changes in upper-extremity repetitions
Total daily upper-extremity repetitions can be found in Figure 2.
Upper-extremity repetitions were primarily undertaken in OT. More
specifically, for patients with tetraplegia, upper-extremity repetitions
decreased significantly from 31 to 2 in OT (Table 5). Hand repetitions
(Table 5), a subset of upper-extremity repetitions, were low in OT
sessions (7 repetitions) and decreased significantly over the rehabilita-
tion stay (0 repetitions). During OT, repetitions were notably higher
for tetraplegic individuals with motor incomplete injury (Table 6).
In the subset of individuals with paraplegia (Table 4),

upper-extremity repetitions were low after admission (7 in PT sessions
and negligible in OT sessions) and did not change over the
rehabilitation stay.

Changes in lower-extremity repetitions
Total daily lower-extremity repetitions can be found in Figure 2.
Lower-extremity repetitions were primarily undertaken in PT. For
participants with paraplegia (Table 4) and tetraplegia (Table 5), lower-
extremity repetitions did not exceed 30 repetitions after admission in
PT but did not change significantly over the rehabilitation stay, and
were higher for motor incomplete individuals with tetraplegia
(Table 6) and paraplegia compared with those with motor complete
injury.
For patients who were ambulating by the time of their discharge

assessment (Table 7), the values for lower-extremity repetitions (143)
and steps (51) after admission in PT sessions did not change
significantly over the rehabilitation stay.

Participation in group classes
The average time spent in group classes was 12 min after admission
and 15 min before discharge.

Table 3 Clinical outcome measures at admission and discharge from

inpatient SCI rehabilitation

Variable Admissiona Dischargeb 95% CI

Paraplegia
Grip strength (kg) 34.8±13.5 35.3±13.5 −2.3, 1.3

SCIM III—total 50.7±17 66.6±17.1 −19.2, −12.6

Tetraplegia
Grip strength (kg) 6.4±10.6 9.7±10.9 −5.4, −1.3

GRASSP 64.0±35.9 77.7±34.9 −19.2, −8.3

SCIM III—total 32.7±23.8 52.3±27.8 −24.6, −14.6

Ambulatory patients
10MWT—comfortable (m s−1) 0.30±0.40 0.76±0.37 −0.6, −0.4

WISCI II 6.4±7.9 15.5±5.3 −11.5, −6.7

SCIM III—total 57.0±21 78.6±12.8 −26.8, −16.5

Abbreviations: 10MWT, 10 m walk test; CI, confidence interval; GRASSP, Graded Redefined
Assessment Of Strength, Sensitivity And Prehension; SCIM III, Spinal Cord Independence
Measure III; WISCI II, Walking Index for Spinal Cord Injury II.
aSecond week after admission.
bSecond week before discharge.
All values are means±s.d.

Table 4 Patients with paraplegia: therapy time and repetitions at

admission and discharge from inpatient SCI rehabilitation

Variable Admissiona Dischargeb Z-value P-value r-value

Physical therapy (n=55)
Total time (min) 54, 45–59 53, 37–62 −0.60 0.55 −0.06

Therapeutic time (min) 32, 24–39 33, 22–41 −0.36 0.72 −0.03

Upper extremity (reps) 7, 0–55 9, 0–34 −0.91 0.37 −0.09

Lower extremity (reps) 30, 0–155 50, 0–230 −1.93 0.053 −0.18

Occupational therapy (n=49)
Total time (min) 34, 12–48 0, 0–31 −3.48 0.001* −0.35

Therapeutic time (min) 17, 7–25 0, 0–17 −3.34 0.001* −0.34

Upper extremity (reps) 0, 0–4 0, 0–0 −1.63 0.10 −0.17

Lower extremity (reps) 0, 0–0 0, 0–0 −0.73 0.46 −0.07

Abbreviations: n, number of patients; r, effect size.
aSecond week after admission.
bSecond week before discharge.
All values are median, Q1–Q3. *P ⩽0.008 (Benjamini–Hochberg-corrected significance level).

Table 5 Patients with tetraplegia: therapy time and repetitions at

admission and discharge from inpatient SCI rehabilitation

Variable Admissiona Dischargeb Z-value P-value r-value

Physical therapy (n=48)
Total time (min) 53, 44–62 52, 37–62 −0.46 0.64 −0.05

Therapeutic time (min) 31, 23–38 31, 24–43 −1.54 0.12 −0.16

Upper extremity (reps) 11, 0–53 13, 0–68 −1.14 0.26 −0.12

Hand (reps) 0, 0–0 0, 0–0 −0.67 0.50 −0.07

Lower extremity (reps) 13, 0–127 33, 0–215 −0.83 0.41 −0.09

Occupational therapy (n=43)
Total time (min) 44, 26–54 30, 0–46 −2.29 0.022 −0.25

Therapeutic time (min) 27, 13–35 18, 0–31 −2.50 0.012 −0.27

Upper extremity (reps) 31, 0–127 2, 0–34 −2.97 0.003* −0.32

Hand (reps) 7, 0–57 0, 0–15 −3.12 0.002* −0.34

Lower extremity (reps) 0, 0–0 0, 0–0 −0.17 0.87 −0.02

Abbreviations: n, number of patients; r, effect size.
aSecond week after admission.
bSecond week before discharge.
All values are median, Q1–Q3. *P ⩽0.008 (Benjamini–Hochberg-corrected significance level).
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DISCUSSION

Amount of movement repetitions
Our primary finding is that repetitions are notably low during
rehabilitation. Individuals with motor incomplete tetraplegia, who
had the highest amount of upper-extremity repetitions, reached a
median value of 115 during PT and OT sessions combined, with all
other groups not reaching a quarter of this amount. Ambulatory
individuals, who had the highest amount of lower-extremity repeti-
tions and steps, did not exceed a respective 218 and 115 repetitions
during combined PT and OT sessions measured at discharge. These
repetition values are markedly lower than those that have been
reported to be necessary for optimizing neuroplastic changes.14,15,34

These repetitions are also low for musculoskeletal or endurance
functions. For example, a typical wheeling push frequency is one
push per second,35 and the twenty upper-extremity repetitions
(median total for PT and OT) measured in our patients with
paraplegia would hypothetically allow one to wheel for a fraction of

a minute. These repetition levels would not be sufficient to strengthen
the upper extremities to prevent overuse injuries or develop upper-
extremity endurance for wheeling. Similarly, for ambulatory patients,
the 115 steps (total for PT and OT) that we observed at the discharge

Table 6 Patients with tetraplegia: therapy time and repetitions separating for motor complete and motor incomplete injury

Variable Motor complete Motor Incomplete

Admissiona Dischargeb Admissiona Dischargeb

Physical therapy
n 17 31

Total time (min) 52, 45–61 54, 44–66 54, 43–63 50, 34–62

Therapeutic time (min) 26, 23–37 32, 24–39 33, 22–41 30, 24–44

Upper extremity (reps) 23, 0–110 36, 0–119 11, 0–28 1, 0–44

Hand (reps) 0, 0–0 0, 0–0 0, 0–0 0, 0–0

Lower extremity (reps) 0, 0–0 0, 0–0 82, 21–207 145, 34–342

Occupational therapy
n 16 27

Total time (min) 28, 15–49 23, 0–44 45, 35–56 37, 12–46

Therapeutic time (min) 15, 7–24 12, 0–22 30, 24–43 22, 9–34

Upper extremity (reps) 0, 0–19 0, 0–10 81, 15–172 23, 0–54

Hand (reps) 0, 0–0 0, 0–0 34, 1–124 0, 0–22

Lower extremity (reps) 0, 0–0 0, 0–0 0, 0–0 0, 0–0

Abbreviation: n, number of patients.
aSecond week after admission.
bSecond week before discharge.
All values are median, Q1–Q3.

Table 7 Ambulatory patients: therapy time and repetitions at admission and discharge from inpatient SCI rehabilitation

Variable Admissiona Dischargeb Z-value P-value r-value

Physical therapy (n=45)
Total time (min) 54, 45–61 53, 37–68 −0.21 0.83 −0.02

Therapeutic time (min) 35, 26–42 38, 26–49 −1.88 0.060 −0.20

Lower extremity (reps) 143, 65–300 218, 114–381 −1.03 0.30 −0.11

Steps (reps) 51, 0–176 115, 21–313 −1.19 0.23 −0.13

Occupational therapy (n=41)
Total time (min) 35, 16–48 24, 0–45 −2.08 0.037 −0.24

Therapeutic time (min) 24, 10–33 16, 0–25 −2.24 0.025 −0.25

Lower extremity (reps) 0, 0–3 0, 0–0 −0.53 0.59 −0.06

Steps (reps) 0, 0–0 0, 0–0 0.00 1.0 0.00

Abbreviations: n, number of patients; r, effect size.
aSecond week after admission.
bSecond week before discharge.
All values are median, Q1–Q3. *P ⩽0.008 (Benjamini–Hochberg-corrected significance level).

12/115 (10%) individuals missed
discharge data collection due to early

discharge

385 individuals were admitted to
rehabilitation due to SCI during

November 2010 – December 2012 270/385 (70%) individuals were
omitted because they did not meet

inclusion criteria, refused to participate,
or were unavailable at admission

115/385 (30%) individuals entered
the study

103/115 (90%) individuals were
included for data analysis

Figure 1 Flow diagram of recruitment to the study.
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gait speed (0.76 m s− 1) with a typical short step length (0.5 m) would
hypothetically result in only 1.3 min of walking practice over 58 m,
which is not sufficient for any community ambulation activity.
In the animal literature, movement repetitions are acutely chal-

lenged where success rates of only 60% are experienced for reaching
tasks10 and likely contribute to the positive effects of task-specific
training.10,36 We know from observation that the large majority of
patients were able to complete all repetitions prescribed. It is
possible that individuals with SCI could perform more difficult
exercises to improve gains during rehabilitation stay. However, it is
likely that therapists prescribe exercise that is challenging yet at the
same time meets with successful execution as failed repetitions could

be demotivating to a patient and, in some activities, potentially
injurious.

Changes in movement repetitions
For the most part, little change in repetitions occurred over the
rehabilitation stay. This may be attributed, on the one hand, to
patients who met their therapeutic goals earlier in their stay and then
focused on non-motor activities as they approached discharge time
and, on the other hand, to patients who were not able or motivated to
undertake larger amounts of repetitions over time because of factors
such as fatigue, pain, or depressive symptoms. It is also possible that
therapists did not provide sufficient time for patients to engage in
movement repetitions during therapy, and this could be the result of
limited time combined with numerous rehabilitation goals outside of
practicing movement repetitions. Given that 61% of patients had
motor incomplete injuries, it would appear that patients could have
benefited from further motor training, but other priorities left little
time for these activities.
Although much neuroplasticity research measures or manipulates

intensity through movement repetitions (for example, number of
reaches for a food pellet), the reality of inpatient SCI rehabilitation is
more complex. In addition to repetitions, the intensity of an activity
may be increased by adding a greater load or by selecting a more
difficult movement. For example, 30 repetitions may have been done
with a 2 kg weight after admission and with 5 kg before discharge.
Although it is possible that increases in intensity through means other
than greater repetitions may hinder the detection of significant
differences from admission to discharge, the field of research
investigating the role of rehabilitation in neuroplasticity11–15,34 is
dominated by manipulation of dose through repetitions. We have
shown that repetitions are low at both time points.

Therapeutic versus non-therapeutic time
It is common for clinical research to use hours of therapy as an
independent variable when evaluating outcomes,2–8 and health-care
guidelines often use this metric.37 However, we found that approxi-
mately 40 percent of a session was non-therapeutic time (for example,
sling transfers, setting up the next activity): activities not therapeutic in
themselves but necessary for delivering therapy. If appropriate
therapeutic guidelines are to be made for public policy decisions,
the actual patient time spent engaged in the therapeutic interventions
needs to be considered.

Changes in clinical outcomes
Despite repetitions being notably below repetition volumes seen in the
human and animal motor-learning literature, patients experienced
improvements on clinical outcome measures, reflecting a combination
of natural recovery and effects from the rehabilitation process.
Nevertheless, improvement is not the same as optimization, and the
finding that therapy repetitions are vastly fewer than task-specific
training protocols suggests that methods to increase repetitions would
move us toward optimizing clinical outcomes. However, as mentioned
earlier, therapy time cannot be solely dedicated to high-repetition task-
specific training for gait or reaching, as numerous other therapeutic
goals such as addressing spastic musculature or pain take up the
patient’s time, which is already limited as approximately one-third of
sessions is spent on non-therapeutic activities (for example, reposi-
tioning) that are necessary for delivering therapy. One alternative that
has been successful in the stroke inpatient setting38,39 is to accumulate
repetitions outside of therapy time with the support of caregivers or

Figure 2 Daily repetitions for physical therapy and occupational therapy
combined. (a) Group with paraplegia. (b) Group with tetraplegia. Values are
median and interquartile range.
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rehabilitation assistants. The same potential may exist in therapy for
individuals with SCI.

Limitations
We did not monitor repetitions that occurred outside of PT- and OT-
directed activities—for example, during group classes and activities of
daily living. However, group class time was low, with a median
(Q1–Q3) value of 0 (0–30) min per day; almost two-thirds of
individuals did not engage in group classes during measurement days.
Also it is likely that the active time was less, given the nature of group
classes being more social, and set-up time required for multiple
participants.
Although nine persons with concomitant traumatic brain injury

were included, we excluded four individuals with severe traumatic
brain injury whose therapy had a focus on cognitive rather than on
physical rehabilitation. We also excluded nine individuals with a
length of stay shorter than four weeks. Although the number of
participants who were excluded for these reasons is small, this may
limit how well our sample represents the true breadth of the clinical
presentation of SCI.
It is possible that social desirability bias resulted in the therapists

undertaking more repetitions than usual. We believe we minimized
this risk as therapists were specifically asked to deliver therapy as they
ordinarily would and to not involve or communicate with the observer
during the observed session. In addition, it is difficult to conceive that
therapists would change their practice for the two years for which data
were being collected.

CONCLUSION

The amount of movement practice that occurs during inpatient SCI
therapy is notably low, and does not appear to progress over time. The
implication is that the stimuli applied during inpatient stay may not be
adequate to maximize the musculoskeletal or neural changes needed
to promote optimal function after SCI.
We recommend that future research investigate patient perception

of physical activity intensity during rehabilitation.
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