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Background/objective: Length of stay (LOS) for rehabilitation treatment after spinal cord injury (SCI) has been
documented extensively. However, there is almost no published research on the nature, extent, or intensity of
the various treatments patients receive during their stay. This study aims at providing such information on a
large sample of patients treated by specialty rehabilitation inpatient programs.
Methods: Six hundred patients with traumatic SCI admitted to six rehabilitation centers were enrolled. Time
spent on various therapeutic activities was documented by each rehabilitation clinician after each patient
encounter. Patients were grouped by neurologic level and completeness of injury. Total time spent by each
rehabilitation discipline over a patient’s stay and total minutes of treatment per week were calculated.
Ordinary least squares stepwise regression models were used to identify patient and injury characteristics
associated with time spent in rehabilitation treatment overall and within each discipline.
Results: Average LOS was 55 days (standard deviation 37), during which 180 (106) hours of treatment were
received, or 24 (5) hours per week. Extensive variation was found in the amount of treatment received, between
and within neurologic groups. Total hours of treatment provided throughout a patient’s stay were primarily
determined by LOS, which in turn was primarily predicted by medical acuity. Variation in minutes per week of
treatment delivered by individual disciplines was predicted poorly by patient and injury characteristics.
Conclusions: Variations between andwithin SCI rehabilitation patient groups in LOS, minutes of treatment per week
overall, and for each rehabilitation discipline are large. Variation in treatment intensity was not well explained by
patient and injury characteristics. In accordance with practice-based evidence methodology, the next step in
the SCIRehab study will be to determine which treatment interventions are related with positive outcomes (at 1
year post injury), after controlling for patient and injury differences.

Keywords: Spinal cord injuries, Rehabilitation, Health services research, Occupational therapy, Physical therapy, Rehabilitation nursing, Psychology,
Speech–language pathology, Social work, Case management, Recreation therapy, Practice-based evidence, Paraplegia, Tetraplegia

Introduction
The spinal cord injury (SCI) rehabilitation literature is
replete with reports and discussions of length of stay
(LOS). In one of the first evaluations of SCI rehabilita-
tion published in the United States, Berns et al.1

described 31 individuals sent for rehabilitation in

1950–1953. The average rehabilitation stay for the
group was 138 days (range 37–365 days), despite the
fact that only 2 of the 31 patients had tetraplegia
(both with C7 neurological level), some already had
received (partial) rehabilitative interventions, almost
all had been injured for more than a year (some for
more than 10 years) and had been living at home, and
7 were employed at the time of admission. In the
United States, LOS for rehabilitation treatment after
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SCI has decreased dramatically since the days of the
Berns et al. study. Data from the SCI model systems
allow consistent comparisons for the 35-year period
from 1973 to 2008.2 The decrease in rehabilitation dur-
ation is found for all SCI impairment categories. For
patients with incomplete paraplegia, median LOS
decreased from 68 to 29 days, and it was reduced from
84 to 42 days for patients with complete paraplegia.
Median LOS was reduced by two-thirds for those with
incomplete tetraplegia (from 104 to 34 days), and
almost as much for patients with complete tetraplegia
(from 142 to 59 days). The pressures of managed care,
as much as improvements in medical and rehabilitative
expertise, seem to have driven the rehabilitation LOS
declines.3

In other countries, LOS is longer than in the United
States. In Japan, for a group of patients with paraplegia
injured in 2000–2004, mean rehabilitation LOS was 116
days.4 In four European countries, rehabilitation LOS in
recent years, across all neurological categories of injury,
ranged from 47 days in Russia5 to 240 days in the
Netherlands,6 with 177 days in Denmark5 and 122
days in Italy.7

In contrast to the many available citations on overall
LOS for SCI rehabilitation admissions, published infor-
mation on the type and extent of services delivered
during rehabilitation is scant. Most research reports on
rehabilitation focus on outcomes (functional status
gain, discharge destination, etc.)8–11 and differences in
outcomes between patient subgroups (by level and com-
pleteness of injury, age, ethnicity, etc.)8,9,11–13 rather
than on resource use. The resources needed to bring
about optimal functioning given neurological limit-
ations are generally not discussed in this literature; at
best, LOS is used as an indicator of global resource
use. The majority of reports on SCI rehabilitation do
not even report what therapies were used by
patients.3,5,7,14–16 For the United States, only one study
has been published focusing on the relationship
between therapeutic intensity and functional outcomes
that provides insight into resource use. Heinemann
et al.17 reported that in 1990–1991 in eight rehabilitation
centers, patients with SCI received an average of 4.9
hours of nursing care (including indirect care) per day
during their first week after admission, and 3.3 hours
per day during their last week. During both periods,
teaching (including teaching of activities of daily
living) took up about half of the nursing time. An
earlier paper on the same sample reported that these
patients received an average of 77 hours of occupational
therapy (OT), 73 hours of physical therapy (PT), 12
hours of psychology (PSY), 2 hours of social work/

case management (SW/CM), 1 hour of speech therapy
(ST), 3 hours of vocational rehabilitation, and 4 hours
of therapeutic recreation (TR) during their entire stay
(mean duration 65 days). The time spent with TR is
likely an underestimate because only billed hours were
included, and not all hours of TR were billed. The total
number of therapy hours per stay (excluding nursing
teaching and other care) was 172, or 2.6 hours per day.18

There seems to be an internal contradiction in the
totality of the literature on SCI rehabilitation outcomes:
while the assumption is that the package of treatments
patients receive during rehabilitation improves their
functioning level and as a result quality of life, the
research has focused exclusively on individual patient
characteristics that may explain differences in these out-
comes (age, co-morbidities, level and completeness of
injury, etiology of injury, etc.). There is almost no
research on the nature, extent, or intensity of the
various treatments patients receive, or on the impact of
differences in treatments received, by those in SCI speci-
alty units or in other, generic rehabilitation programs,
on outcomes.

The SCIRehab project is a multicenter collaborative
study that is describing and quantifying the interven-
tions provided during rehabilitation, with the goal of
relating those interventions and services to outcomes.
An early contribution of the SCIRehab project to the
field of SCI rehabilitation research and practice was
the development of a comprehensive, multidisciplinary
taxonomy for describing the details of the SCI
rehabilitation process, and of a technology for effi-
ciently documenting the elements of those
treatment procedures by all clinicians in all disciplines
after each treatment session or patient encounter.
Each discipline’s taxonomy and the documentation
development process were described in a series of
papers (Journal of Spinal Cord Medicine
2009;32(3):251–335), which can be referred to for
documentation content and process details, as well as
the extraordinary contribution of clinical expertise
underlying the development of the taxonomy and
other elements of the documentation; these will not
be reiterated in this article.19–27

The purpose of this paper is to describe time spent on
rehabilitation treatments for the patients enrolled during
the first year of the SCIRehab project. The distribution
of the time for each rehabilitation discipline, the vari-
ation in therapy time between patients, and predictors
(patient and injury characteristics) of that variation
are provided. The details of discipline-specific interven-
tions are presented in the seven discipline articles that
follow.28–34

Whiteneck et al. SCIRehab: treatment time

The Journal of Spinal Cord Medicine 2011 VOL. 34 NO. 2134



Methods
This study uses practice-based evidence (PBE) research
methodology19,20,35–39 that encourages the employment
of a multidisciplinary project team to design data collec-
tion instruments to answer broad research questions
posed at the outset of a study, and to contribute clinical
expertise to study analyses. PBE study data focus on the
nature of the care a patient receives; the research does
not attempt to introduce new processes or alter the
plan of care. The SCIRehab team, which includes repre-
sentatives of all rehabilitation clinical disciplines and
researchers from all centers participating in SCIRehab,
incorporated four elements of practical clinical trials40

into the study’s design: (1) identify clinically relevant
interventions to measure, (2) enroll a diverse population
of study participants, (3) include heterogeneous practice
settings, and (4) collect data on a broad range of health
outcomes.

SCIRehab facilities
The SCIRehab study is led by the Rocky Mountain
Regional Spinal Injury System at Craig Hospital and
involves collaboration with five other specialized SCI
rehabilitation programs (Shepherd Center, Atlanta
GA; Rehabilitation Institute of Chicago, Chicago, IL;
Carolinas Rehabilitation, Charlotte, NC; the Mount
Sinai Medical Center, New York, NY; and National
Rehabilitation Hospital, Washington, DC) and with
the Institute for Clinical Outcomes Research, Salt
Lake City, UT. Clinical facilities were selected based
on their willingness to participate, geographic diversity,
and expertise in treatment of patients with SCI. They are
not a probability sample of the rehabilitation facilities
that provide care for patients with SCI in the United
States, but do provide variation in setting, care delivery
patterns, and various patient clinical and demographic
characteristics, all of which may affect outcomes. Each
SCIRehab facility obtained Institutional Review Board
(IRB) approval for this observational study. The number
of participants enrolled in the SCIRehab project’s first
year ranged from 35 to 260 per facility, for a total of 600.

Enrollment criteria
The SCIRehab facilities enrolled all patients who were
12 years of age or older, gave (or whose parent/guardian
gave) informed consent, and were admitted to the
facility’s SCI unit for initial rehabilitation following
traumatic SCI. Duration of the acute-hospital inpatient
admission preceding rehabilitation was not an enroll-
ment criterion. Patients requiring transfer to acute care
units or facilities during their rehabilitation program
were retained in the study, no matter how long they

spent in acute care before returning to the rehabilitation
unit, but their acute care days were not counted as part
of the rehabilitation stay. To restrict the study to initial
rehabilitation cases, a small number of patients were
excluded who spent more than 2 weeks in another reha-
bilitation center prior to admission to the SCIRehab
facility. To ensure complete rehabilitation data, patients
who spent more than a week of their rehabilitation stay
on a non-SCI rehabilitation unit in the SCIRehab facil-
ity (staff of the non-SCI units were not trained in the
data collection methods) also were excluded. There
were no other exclusion criteria.

Patient and injury data
Most patient and injury data were abstracted from
patient medical records using a database specifically
designed for the study. In addition, all six sites collected
the National Institute on Disability and Rehabilitation
Research SCI Model Systems’ standardized information
on injury through community discharge (Form I) and
follow-up status at 1 year post injury (Form II), and
submitted these data to the National SCI Database
maintained by the National Spinal Cord Injury
Statistical Center in Birmingham, Alabama; data were
obtained from this database and merged into the
SCIRehab project database.
The International Standards of Neurological

Classification of SCI (ISNCSCI) and its American
Spinal Injury Association Impairment Scale (AIS)41

were used to describe the neurologic level and complete-
ness of injury; the Functional Independence Measure
(FIM®) served to describe a patient’s functional inde-
pendence in motor and cognitive tasks at admission
and discharge, and monitor functional gains;42,43 and
the Comprehensive Severity Index (CSI®) was used to
provide an overall summary measure of how ill (extent
of deviation from ‘normal’) a patient was over time
during the stay in the center.37 The CSI is age and
disease specific, is scored independent of treatments
received, and provides an objective, consistent method
of defining patient severity of illness based on over
2100 signs, symptoms, and physical findings related to
a patient’s disease(s), not just on the basis of diagnostic
information (ICD-9-CM coding) alone. The CSI uses
weighting algorithms based on the severity level of
signs and symptoms associated with each ICD-9 diag-
nostic code to calculate severity scores separately for
each of a patient’s diseases at admission (first 3 days),
discharge (last 3 days), and throughout the patient’s
stay using data from the entire rehabilitation stay. The
full-stay severity score was used in this study. The CSI
has been validated extensively in inpatient (adult and
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pediatric), ambulatory, rehabilitation, and long-term
care settings.37,44–50 The SCIRehab project’s physician
team reviewed and approved CSI criteria and algor-
ithms for common co-morbidities and complications
of patients with traumatic SCI, including a four-level
categorization of individual indicator variables (level
1: normal to mild; level 2: moderate; level 3: severe;
and level 4: catastrophic or life threatening), which is
used in calculating the CSI.

The following categories for body mass index (BMI)
were used: morbidly obese (>40 kg/m2 in height),
obese (30–40 kg/m2), and other (<30 kg/m2), which
includes the standard underweight, normal, and over-
weight categories. These categories were selected to
focus on obesity and morbid obesity as they may
have a substantial impact on rehabilitation
interventions.

Clinician characteristics
Clinicians who contributed treatment data to the
SCIRehab project completed a clinician profile to
provide information about their education and experi-
ence in rehabilitation and, specifically, the number of
years they had worked in SCI rehabilitation. The
average clinician experience of those treating a particu-
lar patient was calculated by weighting the experience
of each clinician in a discipline by the number of
hours of treatment each clinician provided.

Process (treatment) data
PBE study methodology calls for data that describe the
care a patient receives in detail. Some of these data can
be obtained from medical chart review by trained
abstracters, but additional data requirements for the
SCIRehab project necessitated the completion of disci-
pline-specific documentation by each clinician as he/
she delivered care – the point-of-care (POC) documen-
tation. The SCIRehab project’s use of electronic data
capture (a modular custom application (PointSync Pro
version 2.0, MobileDataforce, Boise, ID, USA) for use
on a handheld personal digital assistant (PDA;
Hewlett Packard PDA hx2490b, Palo Alto, CA) to
record details about each treatment session provided
by each clinical discipline has been described pre-
viously.19,20 Each discipline developed documentation
strategies to capture details of the care provided to
patients. At the core of the documentation was a taxon-
omy of the discipline’s most important treatment activi-
ties and interventions; these taxonomies have been
described in detail in previous articles.20–26

After identifying the type of a therapy session (group
or individual), PT, OT, TR, and ST clinicians captured

the following session details: date/time of the session,
identity of the center, patient and therapist, intervention
activities performed in the session complete with
activity-specific details, and session-level variables,
such as co-treatment with another therapist or disci-
pline, and degree of patient and family participation.
Also recorded were factors that may limit session
activities (such as patient fatigue) and a few measures
of patient achievement/improvement.21,23,25,26 PSY
and SW/CM clinicians recorded interactions with or
on behalf of patients that typically occur at multiple
times over the course of a day, rather than in scheduled
sessions. For each day, these clinicians indicated inter-
vention activities or topic/content areas addressed,
with whom, and for how long.24,27 Nursing representa-
tives completed supplementary documentation to
record the content and intensity of bedside education
and of care management activities, which are not
included in significant detail in regular nursing
documentation.22

Each discipline chose to use time (number of minutes)
to quantify the dosage of their interventions. This
approach is similar to dosage measurement in previous
PBE studies,37,39 and is the most practical and efficient
way of quantifying the amount of a specific treatment
a patient receives. Each clinician documented the
number of minutes spent on every separate activity,
rounded to the nearest multiple of 5 minutes; interven-
tions that consumed less than 5 minutes were not
included in the documentation. The activity minutes
combined equal the approximate duration of time
spent each day of rehabilitation by each clinical
discipline.

POC documentation training and reliability
of data recording
The project team provided clinician training at each of
the SCIRehab centers; training sessions were separate
for the six disciplines participating in the project. Each
clinician was provided with a PDA and attended a
1.5-hour training session during which PDA functional-
ity and documentation content were described, demon-
strated, and practiced. Training sessions were
supplemented by discipline-specific manuals that
provided step-by-step instructions for entering data,
definitions for terms used, and the interventions taxon-
omy. Clinicians practiced using the PDAs for a day and
returned for a 1-hour session to have key training issues
reinforced and questions answered. Clinicians who were
hired at a later time or rotated to the units were trained
by their discipline’s lead clinician and the local study
coordinator.
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Discipline-specific written case scenarios were used to
test the reliability of the data produced by clinicians; this
was done quarterly during the data collection period.19

Lead clinicians in each discipline developed a written
description of that discipline’s interactions with a
hypothetical patient during a session, shift or day, and
assigned the codes. Each clinician read the case scenario
and selected codes on their PDAs to ‘document’ the
patient interaction. Entries were compared to the
leaders’ consensus answers; the degree of correspon-
dence provided an estimate of the clinician’s knowledge
and application of the system. The overall agreement
score for all reliability sessions for all disciplines was
89%. Scores were calculated for five major POC docu-
mentation areas: (1) general session information, includ-
ing time/date, family involvement, and amount of care
a patient directs (96% agreement); (2) activities/
interventions (92%); (3) sub-activity/intervention
details (86%); (4) patient factors (e.g. illness) affecting
the session (93%); and (5) a participation scale, asking
for the clinician’s rating of the patient’s active
involvement (80%).19 Reports were provided to clini-
cians that included aggregate scores for all clinicians
of a particular discipline in a SCIRehab center, as
well as clinician-specific accounts that depicted correct
and incorrect entries made by each clinician; these
reports helped to guide ongoing education in POC
documentation.

POC data completeness
The SCIRehab project local coordinators compared
POC entries for each discipline with scheduling and/or
billing records to ensure that all billed sessions were
included in the POC system. If a session had been sched-
uled or billed but not documented, the coordinator
reported this to the therapist and the lead clinician
involved so that it could be added. While memory and
notes might be insufficient to complete all data fields,
the main elements generally could be supplied.

Data analysis
The analyses reported here focus on therapy intensity,
overall and by patient injury group defined using the
ISNCSCI. Patients with AIS grade D are grouped
together regardless of injury level. Patients with AIS
classification A, B, and C are combined and split by
motor level to create the remaining three categories:
patients with high tetraplegia (C1–C4), low tetraplegia
(C5–C8), and paraplegia (T1 and below). For categori-
cal variables, contingency tables are used to display
differences in frequencies, and chi-square tests to
examine differences across these four neurological

injury groups. For continuous measures ANOVA is
used to assess the statistical significance of differences
in means across injury groups. A two-sided P value
<0.05 is considered statistically significant.
Total time spent by each rehabilitation discipline over

a patient’s entire stay is used as the first measure of
therapy intensity. However, since total time has an
approximately linear relationship with the opportunity
to provide services as determined primarily by LOS,
total minutes of treatment per week are calculated as
another measure of intervention intensity. Box plots
are used to depict variation in LOS and rehabilitation
intervention time.
Ordinary least squares stepwise regression models are

used to identify patient and injury characteristics, as
either continuous or dummy variables, associated with
time spent in rehabilitation treatment, overall and for
each discipline. The strength of a regression model is
determined by the R2 value, which indicates the
amount of variation explained by the significant inde-
pendent variables. Parameter estimates indicate the
direction and strength of the association between each
independent variable (predictor) and the dependent
variable. Rather than reporting the partial R2 at each
step of the stepwise regression (indicating the added var-
iance accounted for by each new variable), type II semi-
partial R2 values are reported, indicating the proportion
of the variance in the dependent variable that is
uniquely associated with the predictor variable
after controlling for all other variables in the model.
The sums of the squared type II semi-partial coefficients
do not add to the total R2, as common variance
among the predictors also contributes to the total R2.
Use of semi-partial correlation coefficients is especially
useful when the purpose of the research is predictive.51,52

All independent variables were checked for colinearity,
and if any pair was highly correlated (r> 0.75),
only one of the pair was allowed to enter the models.
The discipline-specific articles that follow in this

series describe the intensity of specific activities/inter-
ventions provided by each treating discipline;28–34 this
article only addresses time for all therapeutic activities
combined.

Results
Patient characteristics
From the fall of 2007 through the fall of 2008, 600
patients with traumatic SCI were enrolled at the 6
SCIRehab rehabilitation centers; these are the subjects
included in the first-year data set analyzed here. The
percent of eligible patients who consented to be enrolled
was 90% overall, and varied from 71 to 97% per center.
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Patient and injury characteristics are presented in
Table 1 for the sample as a whole and for each of the
four injury groups (as defined by lesion level and AIS).

The mean rehabilitation LOS (excluding interruptions
requiring transfer to an acute unit) was 55 days (range
2–259, standard deviation (SD) 37, median 43, 25th
percentile 29, 75th percentile 69). Significant differences
were seen among injury groups, and the LOS within
each group varied widely as shown in the distributions
in Fig. 1. Patients in injury group C1–C4: ABC had

the longest LOS (mean 74 days), followed by patients
in the C5–C8: ABC group (65 days), and patients in
the Para: ABC group (45 days). The lowest mean LOS
was seen in the AIS D group (34 days).

Rehabilitation interventions
Table 2 presents the average years of clinician experience
in SCI rehabilitation and the mean time spent on reha-
bilitation interventions overall and by each rehabilita-
tion discipline separately. Time spent by all disciplines

Table 1 Patient and injury characteristics, by injury group

Total SCIRehab
Sample n = 600

C1–C4
AIS

A, B, C
n= 132

C5–C8
AIS

A, B, C
n= 151

Para
AIS

A, B, C
n= 223

AIS D
n= 94

Length of rehabilitation stay – days,
mean (SD)*

54.6 (37.1) 74.1 (43.2) 64.9 (37.7) 44.9 (28.8) 33.6 (24.1)

Age at injury – years, mean (SD)* 37.2 (16.6) 41.9 (17.0) 33.7 (15.6) 33.4 (14.2) 45.3 (18.5)
Gender, % male 80.5 80.3 80.8 81.6 77.7
Race/ethnicity %

White 64.8 68.2 72.9 59.2 60.6
Black 21.5 19.7 16.6 24.7 24.5
Hispanic 8.0 7.6 6.0 9.9 7.5
Other 5.7 4.6 4.6 6.3 7.5

Primary language %
English primary language 95.0 96.2 97.4 93.7 92.6
Understands sufficient English 2.5 1.5 0.7 3.1 5.3
No English 2.5 2.3 2.0 3.1 2.1

Payer %*
Medicare 6.8 9.1 3.3 4.0 16.0
Medicaid 18.0 13.6 21.2 22.0 9.6
Private insurance/payer 65.8 67.4 67.6 63.2 67.0
Worker’s compensation 9.3 9.9 8.0 10.8 7.5

Marital status at injury, % married 38.0 43.9 31.8 38.6 38.3
Education %*

Less than high school diploma 20.2 15.2 25.8 20.6 17.0
High school diploma or General

Equivalency Diploma (GED)
46.5 56.1 42.4 48.0 36.2

More than high school diploma 27.0 25.0 26.5 25.6 34.0
Other/unknown 6.3 3.8 5.3 5.8 12.8

Employment status before injury %*
Working 65.0 69.7 60.9 67.7 58.5
Student 16.2 8.3 23.2 16.1 16.0
Other 18.8 22.0 15.9 16.1 25.5

Injury etiology %*
Vehicular 49.3 47.7 45.0 52.5 51.1
Violence 11.0 7.6 9.3 16.1 6.4
Sports 11.7 13.6 23.2 4.0 8.5
Fall or falling object 23.2 28.0 21.2 19.7 27.7
Other 4.8 3.0 1.3 7.6 6.4

BMI at admission %*
Less than 30 81.8 81.1 86.8 82.1 74.5
30–40 15.5 16.7 11.9 13.5 24.5
More than 40 2.7 2.3 1.3 4.5 1.1

Admission total FIM, mean (SD)* 53.0 (14.8) 40.7 (6.8) 45.8 (7.8) 62.2 (12.8) 60.0 (17.3)
Admission motor FIM, mean (SD)* 24.1 (12.1) 14.1 (2.3) 17.6 (5.5) 32.2 (10.4) 29.2 (15.1)
Admission cognitive FIM,

mean (SD)*
28.9 (5.6) 26.6 (6.4) 28.3 (5.2) 30.0 (5.1) 30.8 (5.2)

Admission CSI, mean (SD)* 21.2 (19.4) 29.2 (25.4) 20.8 (18.5) 20.0 (16.8) 13.3 (11.7)
Maximum CSI, mean (SD)* 40.2 (33.2) 58.3 (42.8) 41.8 (29.5) 36.1 (28.0) 22.0 (19.3)
Days from injury to rehabilitation,

mean (SD)*
31.7 (28.1) 42.1 (30.5) 33.0 (28.7) 31.5 (28.1) 15.5 (12.4)

*Statistically significant differences among injury groups.
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(combined and separately) is reported as mean total
hours during the rehabilitation stay and, to control
somewhat for varying lengths of stay, as mean minutes
per week of the rehabilitation stay. In addition, each dis-
cipline’s total time is reported as a percentage of the
patient’s total rehabilitation therapy time. SCIRehab
patients received a mean total of 180 hours (range
7–641 hours, SD 106, median 152, 25th percentile 104,
75th percentile 232) of therapy from the 7 disciplines
completing POC documentation (PT, OT, TR, ST,
nursing, PSY, and SW/CM). Statistically significant
differences were seen among injury groups. The majority
of hours spent on rehabilitation interventions were pro-
vided by PT (32%) and OT (28%); bedside education
and care management activities provided by nursing
accounted for 17%, TR activities comprised 9%, and
PSY and SW/CM comprised 6% each. ST, whose inter-
ventions primarily focus on communication and swal-
lowing issues for patients with a ventilator or
tracheostomy and/or patients with cognitive-communi-
cation disorders, provided the remaining 2% of treat-
ment time.
The 7 rehabilitation disciplines provided a mean total

of 1442 minutes (24.0 hours) of therapy per week of
rehabilitation (range 658–2842 hours, SD 294, median
1427, 25th percentile 1251, 75th percentile 1596).
Fig. 2 displays the variation in the amount of time
spent by each discipline.

Predictors of treatment dosage
The association of patient characteristics (age at the time
of injury, gender, race/ethnicity, education level, marital
status, BMI, occupational status, payer, and English
language competency); injury characteristics (injury
group, etiology, work relatedness, CSI severity of
illness, admission FIM motor and cognitive scores,

and ventilator use at rehabilitation admission), and clin-
ician characteristics (years of experience in SCI rehabili-
tation) with rehabilitation treatment time and LOS are
presented in Table 3. Table 4 presents similar infor-
mation for the time spent by each rehabilitation disci-
pline. Both tables only report variables that were
significant predictors of at least one dependent variable,
but notes at the bottom of each table specify the full
details of all variables included in the analyses as poten-
tial predictors.
Several patient/injury characteristics explained 89% of

the variation in total treatment time (R2= 0.89). LOS was
the strongest predictor of total hours of therapy; when it
was analyzed as the sole predictor of total hours, the R2

for LOS was 0.87; when it was included with other vari-
ables and all statistically significant predictors were con-
sidered, the type II semi-partial R2 for LOS was 0.47.
The parameter estimate was 2.57, which indicates that
for each added day of rehabilitation, patients received
about 2.5 additional hours of therapy. The other factors
that were associated (weakly) with longer treatment time
(more total hours) were injury group C5–C8: ABC,
being married, and treatment by clinicians with more
experience (combined for all rehabilitation disciplines
providing care to a patient). Ventilator use at rehabilitation
admission, violent etiology of injury, older age, BMI
>40 kg/m2, longer time from injury to rehabilitation
admission, and higher admission motor FIM scores
were significantly associated with less total treatment
time, as indicated by their negative parameter estimates.
While LOS explained the majority of variation in

total treatment time, several patient characteristics
together explained 56% of the variance in LOS.
Severity of illness as measured by the CSI explained
11% (semi-partial R2) of the variation. The parameter
estimate for the CSI score (independent variable) was
0.48, which indicates that for each additional severity
point, 0.48 more days were spent in rehabilitation.
Therefore, a patient with a high severity score of 100
(only 8% of cases were at or above 100) would be pre-
dicted to receive 48 more days of inpatient rehabilitation
than a patient with the lowest CSI score of 0 (parameter
estimate of 0.48 × 100). Other factors associated
with longer LOS included: ventilator use at the start of
rehabilitation, worker compensation as payer
source, English speaking, injury group C5–C8: ABC,
race – other, and treatment by clinicians with more
experience. The ‘race – other’ group included Native
American (n= 4), Asian/Pacific Islander (n= 14), and
unknown (n= 16) race/ethnicity. Higher admission
FIM motor score and violent etiology of injury were
associated with shorter LOS.

Figure 1 Length of rehabilitation stay (in days) by injury group.
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Patient and injury characteristics explained only
about 17% of the variation in rehabilitation treatment
time expressed as minutes per week. Fewer minutes
per week was associated significantly with higher CSI

severity of illness scores (semi-partial R2= 0.04), older
age, ventilator use at rehabilitation admission, injury
group AIS D, etiologies of violence and medical–surgi-
cal complications, and Medicaid payer. More clinician

Table 2 Mean (SD) Clinician experience and treatment time by various disciplines, by injury group*

Total SCIRehab Sample
n= 600

C1–C4
AIS

A, B, C
n= 132

C5–C8
AIS

A, B, C
n= 151

Para
AIS

A, B, C
n = 223

AIS D
n= 94

All therapies combined
# years SCI rehabilitation
experience of clinicians†

6.7 (3.4) 7.6 (3.5) 6.7 (2.8) 6.7 (3.5) 5.8 (3.6)

Total # hours† 179.7 (106.0) 232.5 (114.9) 220.8 (105.2) 148.6 (79.8) 113.1 (84.6)
# minutes per week† 1442 (293.5) 1398 (302.6) 1495 (311.4) 1454 (286.3) 1390 (252.0)

Physical therapy
# years SCI rehabilitation

experience of clinicians
5.8 (4.8) 6.4 (5.5) 5.6 (4.3) 5.9 (4.8) 5.0 (4.4)

Total # hours† 56.9 (36.0) 67.0 (35.5) 67.9 (37.2) 50.6 (33.5) 40.0 (30.6)
Percent of total hours,

all disciplines†
31.7 (7.9) 28.8 (6.1) 30.0 (6.0) 33.0 (9.2) 35.3 (7.8)

# minutes per week† 455.6 (129.2) 404.5 (118.6) 446.7 (105.5) 475.7 (141.1) 494.0 (126.3)
Occupational therapy

# years SCI rehabilitation
experience of clinicians†

6.1 (5.3) 7.2 (5.9) 6.7 (5.4) 5.5 (5.0) 5.2 (4.7)

Total # hours† 51.9 (35.5) 69.0 (37.9) 69.0 (37.3) 37.7 (24.0) 34.3 (28.2)
Percent of total hours,

all disciplines†
28.4 (7.6) 29.6 (6.8) 30.6 (6.6) 25.9 (8.3) 29.3 (7.0)

# minutes per week† 406.7 (113.4) 410.5 (103.3) 452.2 (99.2) 372.0 (119.6) 410.6 (107.0)
Speech language pathology

# years SCI rehabilitation
experience of clinicians

6.5 (3.7) 6.9 (5.5) 6.4 (4.0) 6.5 (2.3) 6.0 (2.8)

Total # hours† 3.9 (10.2) 8.0 (16.2) 2.9 (6.4) 2.6 (7.8) 2.9 (7.7)
Percent of total hours,

all disciplines†
1.7 (3.6) 2.8 (4.3) 1.3 (3.0) 1.2 (2.9) 2.1 (4.3)

# minutes per week† 24.1 (47.5) 37.5 (56.2) 18.2 (38.5) 18.1 (41.2) 29.1 (57.0)
Therapeutic recreation

# years SCI rehabilitation
experience of clinicians

7.5 (8.6) 8.9 (9.4) 7.1 (8.3) 7.0 (8.4) 7.6 (8.2)

Total # hours† 17.2 (16.3) 18.7 (14.5) 23.2 (20.6) 16.1 (14.5) 7.9 (9.1)
Percent of total hours,

all disciplines†
9.7 (7.7) 8.5 (5.8) 10.8 (8.2) 10.9 (8.6) 6.7 (5.9)

# minutes per week† 152.1 (144.4) 128.0 (99.1) 177.5 (163.3) 171.4 (163.0) 99.5 (92.3)
Psychology

# years SCI rehabilitation
experience of clinicians†

15.3 (6.5) 16.6 (6.5) 15.7 (6.2) 15.2 (6.6) 13.0 (6.5)

Total # hours† 10.6 (10.5) 15.6 (12.4) 12.7 (13.0) 8.3 (6.4) 5.5 (6.6)
Percent of total hours,

all disciplines†
5.5 (3.3) 6.3 (3.2) 5.5 (3.5) 5.5 (3.0) 4.4 (3.6)

# minutes per week† 77.7 (42.4) 85.4 (41.6) 79.8 (43.0) 79.2 (41.3) 59.8 (40.9)
Social work/case management

# years SCI rehabilitation
experience of clinicians†

12.8 (8.1) 13.7 (8.4) 12.9 (7.5) 13.2 (8.1) 10.2 (8.3)

Total # hours† 10.0 (11.6) 16.1 (17.3) 9.9 (9.4) 8.1 (8.8) 6.0 (6.0)
Percent of total hours,

all disciplines†
5.1 (4.0) 6.0 (4.5) 4.1 (2.8) 5.1 (4.2) 5.5 (4.1)

# minutes per week† 72.8 (56.3) 83.2 (64.6) 61.6 (42.3) 72.0 (58.5) 77.8 (56.1)
Nursing bedside education/

care management
# years SCI rehabilitation

experience of clinicians
6.1 (2.9) 6.2 (2.6) 6.1 (2.7) 6.2 (2.8) 6.1 (3.7)

Total # hours† 30.6 (20.7) 40.0 (22.7) 36.7 (20.3) 26.3 (17.8) 17.9 (14.7)
Percent of total hours,

all disciplines
17.9 (7.6) 18.1 (7.0) 17.5 (7.6) 18.5 (8.0) 16.7 (7.7)

# minutes per week 264.3 (140.9) 260.3 (131.3) 267.9 (141.1) 274.9 (152.0) 239.2 (124.2)

*Hours and minutes per week are averages over all 600 patients, not just based on those who received intervention by each discipline.
†Statistically significant differences in total hours or mean minutes per week among groups.
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experience was the only variable associated with more
minutes per week.
Several of the predictors of total treatment time also

were statistically significant in predicting time spent per
week by each rehabilitation discipline (Table 4). A
greater severity of illness as measured by CSI was associ-
ated with significantly less treatment time per week of PT,
OT, and TR and less education/care management time
per week by nursing (negative parameter estimates);
higher severity of illness was associated with more time
per week spent by ST and SW/CM (positive parameter
estimates). Injury group AIS D was associated with less
treatment time per week by nursing (bedside education/
care management), TR, and PSY. In contrast, injury
group C5–C8: ABC received more OT and less ST and
SW/CM time per week. Higher FIM motor score on
admission was associated with less OT time per week,
while a higher FIM cognitive score was associated with
more treatment time per week by PT and less treatment
time per week by ST and PSY. More clinician experience
(computed for each discipline separately) was associated
with more time per week spent by PT, OT, and PSY,
but less time per week spent by TR, ST, and SW/CM.

Discussion
The SCIRehab project is, to our knowledge, the first
study that examines SCI inpatient rehabilitation compre-
hensively, using a set of nomenclatures to describe com-
ponents of the rehabilitation process, documenting the
type of intervention and the amount of time spent in
each intervention. The information from the study’s
POC system provides the first detailed accounting of
time spent by clinicians in each discipline providing SCI

rehabilitation to people with various levels and complete-
ness of injury. These data provide a unique opportunity
to understand how patients with SCI spend their treat-
ment time during their inpatient rehabilitation stay and
what services clinicians deliver. As the SCIRehab study
progresses, these data will provide the opportunity to
study the relationships among (1) patient and injury
characteristics, (2) the rehabilitation process, and (3) out-
comes of interest achieved at 1 year after injury.
Tables in this paper provide the first documentation

of the amount of time spent in treating four subgroups
of people with SCI differentiated by level and complete-
ness of injury, including the average total hours and the
minutes per week spent by each discipline. Based on
total hours of treatment throughout the inpatient reha-
bilitation stay, PT and OT combined accounted for
approximately 60% of the entire therapy time; nursing
(bedside education and care management) accounted
for 17%, TR for 9%, PSY and SW/CM for 6% each,
and ST for 2%. A similar distribution was found when
treatment time per week was examined. The predomi-
nance of PT and OT interventions is not surprising
since a primary focus of SCI inpatient rehabilitation is
to increase independence in a broad spectrum of phys-
ical skills, which is the primary responsibility of PT
and OT. Furthermore, most payers expect rehabilitation
programs to provide a focus on PT and OT activities,
and accreditation agencies require such programs. It
should be remembered that documented nursing inter-
ventions only included education and care management
provided by registered nurses. The relatively small
amount of nursing time is explained by the exclusion
of much direct nursing care provided by registered
nurses and all care and education provided by licensed
practical nurses and non-licensed nursing staff.
Specifically, time dedicated to such nursing responsibil-
ities as providing personal and wound care, administer-
ing medications, etc. was not documented.
In addition to documenting the average amounts of

time spent in SCI rehabilitation interventions, a major
contribution of this study is its identification of the
extent of variability in intervention time from patient
to patient. The interquartile range of the total hours
of treatment throughout the entire rehabilitation stay,
and across all disciplines, was quite large. The 75th per-
centile of total treatment time was more than double the
25th percentile, indicating that the 25% of patients with
the most treatment time all received more than twice the
treatment time delivered to the quarter of patients with
the least treatment time. There was a similarly large
interquartile range in the rehabilitation LOS, suggesting
that variation in total treatment time might simply be

Figure 2 Total minutes of therapy per patient per week, by
discipline.
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due to variation in LOS. In order to control for the effect
of LOS, treatment minutes per week is probably a better
measure of intensity of interventions over the course of
the entire hospitalization. However, calculating
minutes per week reduced, but did not eliminate, vari-
ation in treatment time. For total treatment minutes
per week across all disciplines combined, the 75th per-
centile was still 28% more than the 25th percentile.
For PT and OT time, the 75th percentile was 45%
more than the 25th percentile; for PSY and nursing,
it was still more than twice the 25th percentile; for
SW/CM, there was more than a 3-fold difference; and
for TR, there was more than a 5-fold difference.

Clearly, much variance from patient to patient
remains after controlling for LOS by calculating treat-
ment time in terms of average minutes per week.
Furthermore, there was relatively more variance in the

minutes per week delivered by each discipline (as
assessed by the 75th to 25th percentile ratio) than in
the total treatment time across all disciplines. The
reduction in overall treatment time variance achieved
by calculating minutes per week rather than total
hours masks substantial remaining variance within dis-
ciplines, indicating that there is a likely counterbalan-
cing among discipline treatment times, such that a
person receiving relatively larger amounts of treatment
from one discipline may receive relatively less of one
or more other disciplines. Differences in the amount of
treatment patients receive from particular disciplines
may be related to need (e.g. individuals with high tetra-
plegia receiving more ST than those with paraplegia) as
well as supply or practice pattern variation (e.g. either an
OT or a PT addressing an issue where both disciplines
have expertise). Another potential reason for this

Table 3 Patient and injury characteristics associated with treatment time in rehabilitation and LOS: multiple regression results*

Total hours of therapy during
rehabilitation Rehabilitation LOS

Minutes of therapy per week
during rehabilitation

Total R2 0.89 0.56 0.17

Independent variable
Parameter
estimate

Type II semi-
partial R2

Parameter
estimate

Type II semi-
partial R2

Parameter
estimate

Type II semi-
partial R2

Rehabilitation LOS 2.57 0.47 –

Days from injury to
rehabilitation admission

−0.11 <0.01

Age at injury −0.40 <0.01 −2.33 0.01
Race – other† 17.50 0.01
Married 7.93 <0.01
Injury group

C5–C8: ABC 12.91 <0.01 5.98 <0.01
AIS D −99.21 0.01

Traumatic etiology
Vehicular −5.74 0.01
Violence −13.59 <0.01 −131.07 0.02
Medical/surgical

complications
−146.84 0.01

BMI >40 −18.15 <0.01
English primary language 11.56 <0.01
Payer

Medicaid −68.76 0.01
Workers’ compensation 13.71 0.01

Ventilator use at rehabilitation
admission

−21.91 <0.01 21.17 0.02 −152.96 0.02

Severity score (CSI) 0.48 0.11 −2.11 0.04
Admission FIM motor score −0.63 <0.01 −0.76 0.05
Clinician experience‡ 2.72 0.01 1.46 0.02 10.70 0.01

*Independent variables allowed into models: age at injury, male, married, race – white, race – black, race – Hispanic, race – other,
admission FIM motor score, admission FIM cognitive score, severity of illness score (CSI), injury group: C1–C4 ABC, injury group:
C5–C8 ABC, injury group: Para ABC, injury group: AIS D, clinician experience, traumatic etiology – vehicular, traumatic etiology –

violence, traumatic etiology – falls, traumatic etiology – sports, traumatic etiology – medical/surgical complication, traumatic etiology –

other, work-related injury, number of days from trauma to rehabilitation admission, BMI >40, BMI 30–40, BMI <30, language – English,
language – no English, language – English sufficient for understanding, payer – Medicare, payer – worker compensation, payer –
private, payer – Medicaid, employment status at the time of injury – employed, employment status at the time of injury – student,
employment status at the time of injury – retired, employment status at the time of injury – unemployed, employment status at the
time of injury – other, ventilator use at rehabilitation admission.
†Race ‘other’ subcategory includes Native American, Asian/Pacific Islander, and unknown.
‡Clinician experience is for all disciplines combined.

Whiteneck et al. SCIRehab: treatment time

The Journal of Spinal Cord Medicine 2011 VOL. 34 NO. 2142



Table 4 Patient and injury characteristics associated with minutes of therapy per week of rehabilitation, separately for each discipline*

Total R2

PT minutes per
week during
rehabilitation

OT minutes per
week during
rehabilitation

TR minutes per
week during
rehabilitation

ST minutes per
week during
rehabilitation

SW/CMminutes per
week during
rehabilitation

PSY minutes per
week during
rehabilitation

RN minutes per
week during
rehabilitation

0.21 0.18 0.20 0.28 0.17 0.13 0.09

Independent variable
Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Days from injury to
rehabilitation admission

−0.72 0.02 −0.18 0.01

Age at injury −0.84 0.01
Male −12.24 0.01
Race

White 40.87 0.02 32.69 0.01
Hispanic 22.95 0.01

Injury group
C5–C8, ABC 40.43 0.02 −8.14 0.01 −17.48 0.02
Para, ABC 20.64 0.01
AIS D −75.31 0.03 14.07 0.01 −15.16 0.02 −42.82 0.01

Traumatic etiology
Vehicular 8.87 0.01
Violence −40.41 0.01
Sports 19.74 0.01
Other 172.10 0.01

BMI
>40 −70.13 0.01 −68.67 0.01
<30 −33.93 0.01 10.56 0.01

English primary language 19.43 0.01
Payer

Medicaid −36.26 0.01
Medicare 19.70 0.01

Employment status
before injury
Employed 63.02 0.02
Student 131.55 0.07 13.36 0.01
Other† 28.45 0.01 110.39 0.03

Ventilator use at
rehabilitation
admission†

−50.44 0.01 −56.24 0.01

Continued
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Table 4 Continued

Total R2

PT minutes per
week during
rehabilitation

OT minutes per
week during
rehabilitation

TR minutes per
week during
rehabilitation

ST minutes per
week during
rehabilitation

SW/CMminutes per
week during
rehabilitation

PSY minutes per
week during
rehabilitation

RN minutes per
week during
rehabilitation

0.21 0.18 0.20 0.28 0.17 0.13 0.09

Independent variable Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Parameter
estimate

Type II
semi-
partial
R2

Severity score (CSI) −0.66 0.02 −0.97 0.07 −0.65 0.02 0.24 0.02 0.43 0.06 −0.48 0.01
Admission FIM motor

score
−2.68 0.06

Admission FIM cognitive
score

2.58 0.01 −3.43 0.14 −1.02 0.02

Clinician
experience‡

4.54 0.03 2.05 0.01 −2.44 0.01 −1.79 0.02 −1.51 0.04 1.19 0.03

*Independent variables allowed into models: age at injury, male, married, race – white, race – black, race – Hispanic, race – other, admission FIM motor score, admission FIM cognitive
score, severity of illness score (CSI), injury group: C1–C4 ABC, injury group: C5–C8 ABC, injury group: Para ABC, injury group: AIS D, clinician experience, traumatic etiology – vehicular,
traumatic etiology – violence, traumatic etiology – falls, traumatic etiology – sports, traumatic etiology – medical/surgical complication, traumatic etiology – other, work-related injury, number
of days from trauma to rehabilitation admission, BMI >40, BMI 30–40, BMI <30, language – English, language – no English, language – English sufficient for understanding, payer –
Medicare, payer – worker compensation, payer – private, payer – Medicaid, employment status at time of injury – employed, employment status at time of injury – student, employment
status at time of injury – retired, employment status at time of injury – unemployed, employment status at time of injury – other, ventilator use at rehabilitation admission.
†Employment status at injury ‘other’ subcategory includes retired, unemployed, homemaker, on-job training, sheltered workshop, and unknown.
‡Clinician experience is for the discipline named in the column heading only.
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counterbalancing of discipline time may be that rehabi-
litation facilities, which under the Medicare 3-hour rule
are required by the Inpatient Rehabilitation Facility
Prospective Payment System to deliver that many
hours of services a day, do not receive additional reim-
bursement for providing more than 3 hours of services
per day. The reimbursement by other payers may be
structured differently, but even so, the number of
active therapy hours that can be delivered in a day is
limited by logistical issues. The papers that follow
describe how therapists distributed time over major
activity groups and offer additional information on
patient differences and the treatments most commonly
differentiating patients with many vs. few hours per
week received.
In addition to variability in intervention time from

patient to patient, significant differences were found in
the years of SCI rehabilitation experience of clinicians
who provide treatment to patients in the four neurologic
injury groups. The larger number of years of experience
of clinicians who provide treatment to patients with high
tetraplegia may be reflective of clinical teams assigning
clinicians with more experience to patients with greater
care needs and assigning junior staff to patients with
lower levels of injury.
The finding that total treatment time was explained

predominantly by rehabilitation LOS should not be
surprising as the longer LOS would result in increased
opportunities for interventions by all treatment disci-
plines. The Medicare 3-hour rule requiring that on at
least 5 days per week, patients receive at least 3 hours
of therapy by OT, PT, ST, and orthotics/prosthetics
has set a standard for all patients, whatever their
payer, and most programs will have treatment times
that are close to the standard, if not exceeding it. The
discovery that the strongest predictor of LOS was the
CSI score is similar to findings reported in the Post-
Stroke Rehabilitation Outcomes Project.53 The higher
CSI score implies a greater number and/or more
severe co-morbidities, secondary medical conditions,
and complications, which likely require greater
medical attention and usually take a long time to
manage. However, it is surprising that the CSI explains
more of the variance in LOS and minutes of therapy per
week than does the traditional major predictor used in
SCI rehabilitation research, neurological injury group.
While neurological category still has an effect (explain-
ing about 1% of the variance in both instances), the
independent effect of CSI (11% for LOS and 4% for
minutes of treatment per week) is much larger.
Compared to the strong predictive models for total

hours of treatment and LOS, relatively little variation

in minutes of therapy (total or by discipline) per week
is predicted by any of the individual or injury character-
istics or by clinician experience. Although not strong
predictive models, the variables explaining variation in
minutes per week (Tables 3 and 4) seem to correspond
with clinical expectations. Interestingly, the longer
LOS for individuals with higher CSI did not mean
that there was increased time per week spent in PT,
OT, TR, or even nursing education; higher CSI actually
predicted less time per week in each of these areas. This
is likely explained by the fact that higher CSI implies
greater illness or disability or medical complications,
and therefore a lower tolerance for the types of interven-
tions that may be provided by PT, OT, or TR. Less nurse
education time per week is more difficult to explain, but
it may be that the longer LOS provided the opportunity
to spread a relatively fixed amount of educational
content across more weeks, thereby reducing intensity.
The time not used by PT, OT, TR, or nursing appeared
to be spent in providing more ST and SW/CM. This
finding also makes sense, given that LOS also varied
with age, ventilator use, and medical–surgical compli-
cations. Individuals on ventilators often need more
assistance with communication and swallowing, and
thus need more ST. Furthermore, individuals with
higher CSI, and on ventilators, may have more compli-
cated discharge plans and require more intervention
from SW/CM.
In this study, regression analyses were conducted to

examine patient and injury characteristics associated
with time spent in therapy during rehabilitation.
Following typical PBE analytic strategy, center identity
was not included among the predictors because the goal
was not to compare one center to another but, instead,
to identify underlying differences in patient and injury
characteristics that help explain variation in treatment
intensity (minutes per week). While center differences
in treatment patterns should be acknowledged, they
may reflect other variables not included in the analysis,
rather than pure center effects. For instance, other
patient and injury variables not entered into the
regression analyses (e.g. bladder management tech-
niques) may differ by center, and appear to be center
effects, when center identity is just a surrogate for
those measures. Alternatively, unmeasured character-
istics of the centers (e.g. bed size, staffing ratios, etc.)
that impact treatment delivery may ‘hide’ behind
center identity. Keeping these caveats in mind, when
center identity was allowed to enter the regression
models reported here, the explained variation generally
increased substantially. For total treatment time per
week (across all disciplines), the center effect added
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11% explained variance to the 17% explained by patient
and injury factors. For the total minutes of treatment
per week for each discipline separately, center effects
added 3–30% explained variance to the 9–28%
explained by patient and injury variables. In the two dis-
ciplines providing the most therapy (PT and OT) and in
ST, the added center effects were smaller than the com-
bined patient and injury effects. In the other four disci-
plines (Registered Nurse (RN), TR, SW, and PSY), the
variance explained by added center effects was larger
than the variance explained by patient and injury
characteristics. The combination of patient, injury, and
center effects explained 28–48% of the variance in treat-
ment intensity, leaving the majority of the variance
unexplained, which bodes well for the potential
success of the PBE methodology. The significant vari-
ation in time spent that is not explained by patient
and injury factors should prove useful in the eventual
effort to correlate interventions with key patient out-
comes. Ultimately, it will be variation in treatment pat-
terns (whether the variation was due to patient, injury,
clinician, or center characteristics) found associated
with better outcomes that will lead to improvement in
SCI rehabilitation.

Limitations
Participating rehabilitation centers provide variation in
setting, care delivery patterns, and patient clinical and
demographic characteristics and were selected to partici-
pate based on their willingness, geographic diversity,
and expertise in treatment of patients with SCI.
However, they are not a probability sample of the reha-
bilitation facilities that provide care for patients with
SCI in the United States and time reported within
specific disciplines may not be generalizable to all reha-
bilitation centers. The facilities involved include some of
the largest SCI rehabilitation programs in the United
States but the extent of bias resulting from unique refer-
ral patterns and from the fact that 10% of the eligible
patients refused enrollment in this observational study
is unknown.

No data were collected for the hours of treatment
delivered by respiratory care, chaplaincy, and rehabilita-
tion engineering; these disciplines tend to deliver small
and less easily quantifiable amounts of care. Therapies
that take up little time may have a major impact on
patient outcomes, as may the activities of the attending
and consulting physicians. While most of the work of
rehabilitation physicians is patient assessment and
ordering of therapies, the counseling of patient and
family that physicians perform was not documented in
the POC system. Physician contact was crudely captured

through billing records, but those data are not reported
in this manuscript. As previously emphasized, a large
component of nursing care, including the time spent in
bathing/hygiene activities, wound care, bladder and
bowel management, etc., is not included in the data
reported here. Only patient teaching and care manage-
ment by rehabilitation nurses with at least RN prep-
aration were recorded. Even for the disciplines using
the POC system, time reported may have been in error
through omissions, duplicate reports, and documen-
tation errors within reported sessions. As indicated,
therapist reports were compared with billing and other
information to identify missed sessions, and these were
completed retroactively. However, where no formal
administrative reporting system existed (e.g. partici-
pation in TR-organized ‘social activities’) contacts not
reported through the POC system may have been
missed. It is also important to note that data reported
were derived from supplemental documentation that
was completed by clinicians in addition to their required
clinical documentation.

Reporting the demographic and injury information,
the neurological classification, and the CSI relied on
abstracting of the medical record. As is common, these
records sometimes had missing or ambiguous infor-
mation, which could not always be supplemented from
other documents or clinician memory.

Conclusion
This study provides the first comprehensive quantifi-
cation of the SCI inpatient rehabilitation process,
reporting the details of how clinicians spend their time
with or for patients. Variations between and within
SCI rehabilitation neurological injury groups in total
hours of treatment during rehabilitation, LOS, total
minutes of treatment per week, and treatment minutes
per week for each rehabilitation discipline are large. A
total of 89% of the variation in total treatment time
was explained, primarily by LOS; 56% of variation in
LOS was explained, with severity of illness accounting
for 11% of the variation and a combination of patient
and injury characteristics accounting for the remaining
variation. Variation in treatment intensity was not well
explained by patient and injury characteristics. When
treatment minutes per week were summed across all dis-
ciplines, only 17% of the variation was explained; for
treatment intensity by discipline, 9–28% of treatment
minutes per week were explained.

In accordance with PBE methodology, the next step
in the SCIRehab study will be to determine which treat-
ment interventions are related with positive outcomes
(at 1 year post injury), after controlling for patient and
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injury differences. The prospect of this approach being
successful is enhanced by the fact that substantial
variation was found in the amount of treatment time
provided by various disciplines and by the fact that
this variation in treatment time was not well explained
by patient, injury, or clinician characteristics. This
leaves the majority of treatment intensity variation avail-
able for predicting outcomes.
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