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Research examining care process variables and their relationship to clinical outcomes after total knee
arthroplasty has focused primarily on inpatient variables. Care process factors related to outpatient rehabilitation
have not been adequately examined. We conducted a retrospective review of 321 patients evaluating outpatient
care process variables including use of continuous passivemotion, home health physical therapy, number of days
from inpatient discharge to beginning outpatient physical therapy, and aspects of outpatient physical therapy
(number of visits, length of stay) as possible predictors of pain and disability outcomes of outpatient physical
therapy. Only the number of days between inpatient discharge and outpatient physical therapy predicted better
outcomes, suggesting that this may be a target for improving outcomes after total knee arthroplasty for patients
discharged directly home.

© 2014 Elsevier Inc. All rights reserved.

Total knee arthroplasty (TKA) surgery is a common and generally
effective procedure to restore mobility and reduce pain in individuals
with osteoarthritis or other degenerative conditions of the knee [1–3].
In the United States, the projected growth in demand between 2005
and 2030 for a primary TKA is 673%, which equates to 3.48 million
procedures per year [3]. Currently, patients over age 65 account for the
majority of TKAprocedures performed in theUnited States, however cur-
rent trends indicate that TKAs are increasing being performed in younger
individuals. Projections indicate that patients under age 65 will consti-
tute a majority of TKA recipients in the United States by the year 2030
[4]. This demographic shift indicates the need for research evaluating
the process of care and outcomes specific to a younger population.

Although outcomes following TKA are generally favorable, studies
observe a high degree of variability in outcome with a considerable
number of patients failing to recover a satisfactory level of physical
activity [5–7]. A recent systematic review reported 20% of patients con-
tinue to report persistent pain that limits function at assessments at
least 6 months post-surgery [8].

Suboptimal outcomes cannot be solely attributed to advanced age.
Although there is an increased incidence of TKA between the ages
75–79, there is no evidence that older age itself is a predictor of
functional outcome. Many studies report no relation between age and
functional outcomes [9–11]. Other studies suggest that levels of satisfac-
tion with the outcomes of TKA are lower among younger individuals,
possibly due to higher levels of expectation in this age group [12,13].
These findings further support the need to examine outcomes specific
to a younger population of patients receiving TKA.

Reducing unwarranted variations in the process of care for patients
undergoing TKA may provide an opportunity to improve clinical out-
comes [14]. Studies in the United States indicate a high degree of varia-
tion in several care process decisions for patients following TKA such as
length of the inpatient stay, the timing and amount of physical therapy
during the inpatient stay, and the use of extended inpatient care in
rehabilitation or skilled nursing facilities [3,15]. Some research has
been conducted on the implications of these inpatient care process is-
sues for clinical outcomes as well as costs [16–20]. Care process deci-
sions made during the outpatient phase of rehabilitation following
TKA, however, have not been adequately studied [5,21]. Key decisions
including the use of home health physical therapy, home use of contin-
uous passive motion (CPM) devices, and the use and timing of outpa-
tient, clinic-based, physical therapy likely influence outcomes, but
their impact has not been adequately researched. Most patients receive
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physical therapy following a TKA, but care process decisions related to
recovery are highly variable and their effect on outcomes after TKA
is uncertain [3,22]. Considering that younger patients are more likely
to be discharged directly home following TKA and forego extended
inpatient care [23], an improved understanding of how outpatient reha-
bilitation care process decisions relate to clinical outcomes for patients
following TKA is needed.

The primary purpose of this project was to explore predictors of
clinical outcomes at the completion of outpatient rehabilitation in a
cohort of younger, privately-insured patients who were discharged
directly home following a primary, unilateral TKA surgery. Specifically,
we examined associations between outpatient rehabilitation care
process factors on clinical outcomes after controlling for patient demo-
graphic and clinical factors.

Methods

Patients

Patients included in this study were those who received outpatient
physical therapy after a primary unilateral TKA surgery performed be-
tween January 1, 2008 andDecember 31, 2010 in an outpatient physical
therapy clinic operated by Intermountain Health Care, a private, non-
profit, integrated health care system located in Utah and Idaho. Addi-
tional inclusion requirements were primary insurance coverage
through SelectHealth, a private, nonprofit, health insurance company
and integrated subsidiary of Intermountain Health Care, and discharge
directly home following the TKA inpatient stay. We excluded patients
who were discharged to a skilled nursing or inpatient rehabilitation
facility following TKA, those undergoing a revision or bilateral TKA,
or those receiving a contra-lateral TKA within 6 months. We excluded
patients whose TKA was not due to degenerative osteoarthritis
(e.g., inflammatory arthritis, bone tumor, etc.), and those who died
within 1 year after TKA. The Intermountain Health Care Institutional Re-
view Board approved an expedited review and waiver of authorization
of consent for this study.

Data Sources and Variables

We initially identified potentially eligible patients using claims data
from SelectHealth based on the presence of a CPT code 27447 (total
knee arthroplasty) occurring within the study time frame. The date on
which the TKA occurred was defined as the index surgical date.
Additional eligibility criteria were continuous enrollment with
SelectHealth for one year preceding and following the index surgical
date and no27447 CPT code for the contra-lateral knee occurringwithin
6 months before or after the index date. We extracted all claims data
billed for a 1-year period from the index surgical date in order to deter-
mine aspects of management during the outpatient rehabilitation peri-
od. Patients discharged directly home following surgery who did not
receive outpatient physical therapy within 90 days of discharge were
excluded. We recorded the occurrence of a hospital readmission for
any reason within 30 days after discharge and excluded these patients.
For remaining patients we recorded the length of the inpatient hospital
stay and the following post-discharge outpatient rehabilitation care
process factors from the claims data; use of a CPMdevice in the patient's
home prior to outpatient physical therapy [yes or no], the use of home
health physical therapy post-discharge but prior outpatient physical
therapy [yes or no], and the number of days from inpatient hospital dis-
charge to the initial outpatient, clinic-based, physical therapy session.

We next linked eligible patients extracted from the claims data
with the Rehabilitation Outcomes Management System (ROMS), a
Web-based clinical outcomes electronic database maintained by
Intermoutain Health Care physical therapy clinics. It is standard proce-
dure within Intermountain outpatient physical therapy clinics to collect
a patient-reported disability score and numeric pain rating at each visit

and enter the scores into ROMS. The Knee Outcome Survey Score of Ac-
tivities of Daily Living [KOS] [24] is the self-reported disability measure
used for patients following TKA. The KOS consists of 14 questions
pertaining to a patient's ability to perform activities of daily living. The
score is expressed as a percentage with higher scores representing a
higher degree of perceived functional ability. The KOS has been shown
to have high reliability and validity with good responsiveness to change
in patientswith various knee pathologies including post-TKA rehabilita-
tion with a minimum clinically important difference of 8 points for pa-
tients with knee osteoarthritis [25–27]. A 0–10 numeric pain rating
scale [NPRS] [28] is used to capture each patient's current pain level.
The minimum clinically important difference for the NPRS among pa-
tients with chronic musculoskeletal conditions including knee osteoar-
thritis is 2 points [29]. We extracted the initial and final KOS and NPRS
scores from ROMS for included patients. If scores were not entered for
the initial or final visit we extracted scores for the nearest available
date. Additional variables extracted from ROMS were the number of
outpatient physical therapy visits and the length of stay [LOS] based
on the initial and final visit dates. The LOS was considered complete if
a gap of 45 days or more occurred between visits. We computed the
time to completion of outpatient rehabilitation as the number of days
from inpatient hospital discharge to completion of the outpatient phys-
ical therapy LOS.

The IntermountainHealth Care electronicmedical record (EMR)was
used to obtain additional information on includedpatients including sex
and BMI at the index surgical date. The EMR was used to generate the
Charlson co-morbidity index (CCI), a validated, weighted index of co-
morbid medical conditions [30]. Intermountain Health Care generates
the CCI using validated procedures adapted for use with administrative
databases [31]. We examined each patient's health history associated
with the index surgical date and the medical problem list in the EMR
as well as examining ICD-9 codes associated with the claims data to
identify specific co-morbidities known to influence outcomes after
TKA beyond the CCI score including mental health diagnoses (anxiety
and depression) [10], low back pain [32], and osteoporosis [33]. These
conditions were identified from the EMR or based on the following
ICD-9 codes in claims data: osteoporosis (733.xx), mental health condi-
tion including anxiety (300.xx) or depression, (296.xx, 298.0, 311.xx),
and low back pain (721.3, 722.xx, 724.xx, 738.4, 738.5, 739.3, 756.11,
846.xx, 847.2). From the EMR we recorded if a contra-lateral TKA had
been performed at least 6 months prior to the index surgical date.

Statistical Analysis
Descriptive statistics were calculated for patient demographic [age,

sex, BMI] and clinical characteristics (CCI, specific co-morbidities,
history of prior contra-lateral TKA at least 6 months prior to index
surgery date) and post-discharge outpatient rehabilitation care process
factors (home use of CPM, use of home health physical therapy, days
from inpatient discharge to outpatient, clinic-based, physical therapy,
number of visits and LOS in outpatient physical therapy). Descriptive
statistics were calculated for the clinical outcome variables (initial and
final KOS and NPRS scores) from the outpatient physical therapy epi-
sode of care. Univariate associations between patient demographics,
clinical characteristics and care process factors with clinical outcomes
were examined using correlation coefficients.

We evaluated the influence of outpatient rehabilitation care process
factors on clinical outcomes usingmultivariate generalized linearmixed
models to avoid assumptions of independence in the independent
variables based on clustering effects. We constructed a baseline model
withfinal KOS score as the dependent variable andpatient demographic
and clinical variables entered as fixed effects. We entered the surgeon
nested within the hospital in which the index surgery occurred; and
the physical therapist nested within the outpatient physical therapy
clinic as randomeffectswith a scaled identity covariance structure to ac-
count for the effects of individual providers nested within treatment
settings on clinical outcome. We also entered the initial KOS score in
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