Yeung et al. BMC Musculoskeletal Disorders 2010, 11:252
http://www.biomedcentral.com/1471-2474/11/252

BMC
Musculoskeletal Disorders

RESEARCH ARTICLE Open Access

Factors influencing inpatient rehabilitation length
of stay following revision hip replacements:
a retrospective study

So-Mei Teresa Yeung'", Aileen M Davis*?, Rajka Soric'?

Abstract

Background: The annual incidence of revision hip replacements has increased in both Canada and United States,
particularly in younger adults. Patients following revision hip replacements often require longer hospital length of
stay (LOS) but little is known about predictors of inpatient rehabilitation LOS in this group of patients. The purpose
of this study was to evaluate the socio-demographic, pre-surgery, surgery and post-surgery related factors that
might influence rehabilitation LOS of inpatients following revision hip replacements.

Methods: This study included inpatients discharged from a musculoskeletal ward between 2002 and 2006
following rehabilitation revision hip replacement. Data sources included the National Reporting System, a
standardized, provincial administrative database and augmented by chart abstraction. The collected elements
included the outcome LOS and the following independent variables: age, sex, support at home, environmental
barriers, language barrier, number of revision surgeries on the affected hip, comorbidity, previous orthopaedic
surgeries in the lower extremities (L/ES), the hip component(s) revised, weight-bearing status, hemoglobin level,
complications, days lapsed from surgery to rehabilitation admission and admission scores on the Functional
Independence Measure (FIM). Simple linear regression was used to take forward any predictors significant at p <
.10 level. Variables that satisfied the significance level were grouped in blocks and entered for regression analyses.

Results: The 275 patients in this sample had a mean age of 69 years; 62% were female and the mean LOS was
29.6 days. Statistically significant predictors of longer LOS were low admission FIM score, female sex, revision of
only the femoral component, 2 or more prior surgeries in the L/Es and 2 or more hip revisions (redo revision). The
final model explained 28% of variance in inpatient LOS.

Conclusions: A score of 9-14 points lower in admission FIM, female sex, revision of only the femoral component,
prior surgeries in the L/Es and redo hip revision are all independent factors associated with 4-6 days longer LOS.

These results may facilitate an understanding of bed flow. Additionally, patients with one or a combination of the
above characteristics may benefit from enhanced care plans that facilitate achievement of rehabilitation goals for

discharge home.

Background among different countries in the past 2 decades [4]. The
With the increase in annual incidence of total hip repla-  revision burden stayed roughly the same in the United
cement (THR) in the past 2 decades [1-3], the number  States (14-17% from 1993 to 2005) [1] and in Canada
of revision hip replacements is expected to rise. Revision  (11-13% from 2001 to 2006) [5,6]. This relatively con-
burden, which refers to the percentage of revision hip  stant rate reflected an increase in the absolute number
replacements relative to the total number of primary of revisions as the number of primary procedures, parti-
and revision hip replacements, ranged from 11% to 18%  cularly in younger adults, had increased [1,3]. Data from

1997-2005 indicated that the proportion of patients with
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among the 45-54 age group followed by the younger-
than-45 age group. For females, the second and the
third largest increases were seen respectively in the
55-64 and 45-54 age groups [3]. Unless arthritis related
research such as cartilage regeneration effectively delay
and/or avoid the need for THR, or important break-
throughs substantially increase the lifespan of hip pros-
thesis and/or the material for prosthetic fixation, the
demands for primary THR and the subsequent revision
hip replacements will continue to grow.

It is recognized that revision hip replacement is more
complex and is associated with a higher complication
rate than primary THR [7-9]. Patients following revision
surgery often require longer stay in acute care [7,8,10]
and subacute rehabilitation settings [11,12]. Patients fol-
lowing the more complex revision hip replacement are
often discharged to subacute care setting for rehabilita-
tion [1,8,9]. Yet, our knowledge and understanding of the
factors that impact inpatient rehabilitation length of stay
(LOS) after revision hip replacements are limited. Most
studies on revision hip replacement were not in the area
of LOS, but related to risk factors and indications for sur-
gery or implant survival/surgical procedures,[13-18]
function [7,12,19-21] or health related quality of life [22].
Studies on LOS on patients with revision surgery mostly
focused on costs in the acute care settings [8,10,23],
while a small number of studies evaluating factors that
impact rehabilitation LOS for people with revision versus
primary THR gave conflicting information. In one study,
[12] the LOS was longer and the scores on Functional
Independence Measure (FIM) was lower on admission
and discharge in people with revision versus primary
THR, but no difference in these 2 outcomes was observed
between the 2 groups in another study [24].

The reason for revision hip replacement has been
found to affect the rehabilitation outcomes between inpa-
tients with initial and revision hip replacements. Inpati-
ents who had their hip replacement revised for infection
as opposed to mechanical loosening or pain had less
improvement in FIM; they were also discharged home
from rehabilitation setting less often when compared to
inpatients with first hip replacement [12]. However, no
studies have specifically considered factors that influence
inpatient rehabilitation LOS in revision THR. The pur-
pose of this study was to evaluate socio-demographic,
pre-surgery, surgery and post surgery related factors that
might influence rehabilitation LOS of inpatients follow-
ing revision hip replacement. Identifying these predictors
of LOS will facilitate improvements in care processes by
informing care planning and more effective resource allo-
cation. For example, more accurate prediction of LOS
should improve access to inpatient beds and allow
improved allocation of resources [25] such as staffing.
These changes may ultimately translate into improved
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system efficiencies and patient outcomes. Considering
the anticipated increase in revision hip procedures and
the corresponding demands on rehabilitation inpatient
beds, it is important that we gain a better understanding
of the factors influencing rehabilitation LOS after revi-
sion hip replacements.

Methods

Sample

Participants in this study included all patients dis-
charged between April 2002 and December 2006 from
the Complex Musculoskeletal ward of a freestanding
community rehabilitation centre in Toronto with an
admission diagnosis of revision hip replacement. Poten-
tially eligible participants were identified from an
administrative database. Exclusion criteria included
wound dehiscence, use of skin or muscle flap during
surgery and first stage revision (i.e. removal of prosthesis
and/or insertion of spacer). The study was approved by
the Institutional Research Ethics Board.

Setting

The inpatient ward where participants were treated
accepted all referrals with musculoskeletal conditions
but priority was given to people with diagnoses relating
to revision joint replacement and/or multiple traumas.
Additional admission criteria included ability to actively
participate in therapy for at least an hour per day, iden-
tified realistic goals for rehabilitation and identified dis-
charge destination. Functional discharge criterion was
safe independent or supervised mobility in a physical
environment similar to patient’s planned discharge desti-
nation. The anticipated time for achieving this discharge
criterion was discussed at the weekly team rounds in
the first week of a patient’s admission; a discharge date
was determined accordingly. This discharge date was
discussed among team members informally on a daily
basis and readjusted as appropriate.

All newly admitted patients were assessed by the inter-
disciplinary rehabilitation team that includes the care-
coordinator, nurses, pharmacist, attending physician,
consultant physiatrist, occupational and physical thera-
pists. No formal care path was used for patients with
revision hip replacement at the time of this study but all
admissions followed routine procedures. All patients
were assessed and treated within 24 hours of admission
and medically stable patients were assisted to move
around as per their activity tolerance. Following the
admission assessments, the team and the patient estab-
lished mutually agreeable rehabilitation goals and the
treatment plan for his/her inpatient stay. All patients
participated in their individualized occupational and
physiotherapy treatment sessions at least once a day for
an hour or more on weekdays. Weekend occupational
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and physical therapies were provided to a selected group
of patients who were identified by the case therapist as
being at risk of pulmonary complications or deterioration
in body function/structures and activity limitations.
Patients were also instructed to perform exercises inde-
pendently as appropriate for their conditions. Mobility
training was incorporated into the nursing care plan and
integrated into patients’ activities of daily living (e.g. to
assist/supervise patient to walk to the washroom). Ther-
apy from other disciplines such as clinical psychologist,
recreational or respiratory therapy was provided as
needed.

Data Collection

Data were abstracted from the National Reporting
System (NRS). The data were augmented by chart
abstraction by study investigator S Yeung and a trained
research assistant using standardized operational
instructions. Using the codes for revision hip replace-
ment, all medical records of patients discharged between
April 2002 and December 2006 with an admission diag-
nosis of revision hip replacement were identified from
the NRS. The NRS is a standardized mandatory admin-
istrative database for all designated rehabilitation beds
in Ontario [26]. For this study, the following data were
extracted: date of birth, sex, spoken language, date of
admission and discharge, admission diagnosis, comor-
bidity and admission and discharge scores of the FIM.
Because only a limited list of comorbid conditions could
be recorded on the menu of the NRS, data on comor-
bidity were supplemented by direct chart abstraction.

Study Design and Measures

This was a retrospective study; the outcome was inpati-
ent rehabilitation LOS in days. Predictors that might
affect LOS were: socio-demographic related variables
(age, sex, availability of support, environmental barriers
at discharge destination and language barrier), pre-
surgery related variables (number of revision surgeries in
the hip, comorbidities and previous number of orthopae-
dic surgeries in the joints of lower extremities), surgical
variable (the component being revised) and post-surgery
related variables (weight bearing status on rehabilitation
admission, hemoglobin level on rehabilitation admission,
medical and/or orthopaedic complications, number of
days from surgery to rehabilitation admission and admis-
sion scores on the FIM motor subscale).

Support was defined as available when a specific source
(e.g. spouse, friends) was recorded as available when
needed by patients during daytime and/or night time in
the medical record. Presence of environmental barrier
was defined by a record of presence of any stairs (22
steps) to essential living area at discharge destination.
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These included entrance to an apartment, bedroom,
washroom, and kitchen etc., where no alternative access
such as ramp or elevator is available. Presence of lan-
guage barrier was defined by a record of spoken language
other than English. The number of revision surgeries was
defined as the total counts of surgeries related to hip
revision that included removal of one or both compo-
nents of hip prosthesis/spacer and/or implantation of a
new implant. Therefore, a 2-stage revision was counted
as 2 revisions to account for the clinical/physiological
consequences of elective soft tissues trauma and
the recovery which a patient had to encounter following
each surgery. Comorbidity was recorded as the number
of documented comorbid conditions included in the
American Academy of Orthopaedic Self-report Comor-
bidity Questionnaire (AAOSC) [27]. Rheumatoid arthri-
tis, osteoporosis and previous fracture were assigned to
the three conditions originally provided as open-ended in
AAOSC. These conditions were selected because they
were frequently encountered in the rehabilitation ward of
the current study. Previous number of orthopaedic sur-
geries in the lower extremities was defined as the total
number of orthopaedic surgeries in both lower extremi-
ties excluding all hip replacement surgeries in the
recently operated hip. A checklist of orthopaedic and
medical complications encountered post-orthopaedic
surgery [7,24,28-30] was used to record complications.

The FIM was completed within 72 hours of admission
and again at discharge by certified assessors of the reha-
bilitation team. Only the motor subscale of the FIM
(motor FIM) was used in this study because admitted
patients, in general, had no cognitive problems. This
13-item motor FIM assesses patient’s performance on
basic activities of daily living [31,32]. Scoring of each
item ranges from 1 (total dependence) to 7 (complete
independence) based on a standardized set of criteria.
Scores on the motor FIM range from 13-91; lower score
indicates lower function and more dependence in basic
functional activities. The FIM was found to be reliable
[33], valid and able to detect changes in a variety of
inpatients including those with orthopaedic or traumatic
conditions [34-36].

Analyses

All analyses were conducted using the Statistical Package
for the Social Sciences version 16.0. Descriptive statistics
including means, standard deviation or frequencies were
calculated for all variables. Variables that were treated as
continuous were age, admission hemoglobin, number of
days post-surgery on admission to the inpatient ward and
admission FIM scores. Variables that were treated as
non-continuous were dichotomized based on clinical
judgment of the impact of these variables on inpatient
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LOS and/or the distribution of data that allowed ade-
quate information for analyses. For example, the number
of revision surgeries was dichotomized as 1 and 22 based
on clinical observations that patients who had their hip
revised more than once often require longer time to
regain independence in basic functional mobility when
compared to patients following the first revision. Pre-
vious number of orthopaedic surgeries in the lower extre-
mities, and the number of comorbid conditions were
both dichotomized as <1 and >2. Admission weight bear-
ing status was dichotomized as no/touch weight bearing
and partial/as tolerated weight bearing. The 4 variables
on complication (medical or orthopaedic), environmental
barrier, language barrier and availability of support were
all dichotomized as absence and presence. The variable
on “component being revised” was categorized as “only
the acetabular component”, “only the femoral compo-
nent” and “both acetabular and femoral components”;
two dummy variables were created for this variable for
the regression analyses described below. The category of
“only the acetabular component” had the shortest length
of stay and was selected as the reference category to com-
pare with the other 2 categories.

After evaluating the assumptions for linear regression,
regression was used to analyze the relationship of LOS
and all predictor variables. Simple linear regression was
used to take forward any predictors that were significant
at the p < .10 level. Variables that satisfied the signifi-
cance level were selected and grouped in blocks of socio-
demographic, pre-surgery, surgery and post-surgery
related characteristics. These blocks were then manually
entered for regression analyses in 4 steps. In the first
step, only the socio-demographic block was entered, and
the p-values of the variables in this block were manually
assessed for inclusion (p < .10) in the next step. In the
second step, only the socio-demographic and the pre-
surgery blocks were entered. The surgery block was
added in the third step and the post-surgery block
was added in the fourth step. The manual assessment
was repeated for all variables used in each step after an
additional block was entered to determine inclusion of
variables used within each block in the subsequent steps.
The 2 dummy variables, “only the femoral component”
and “both acetabular and femoral components” were
force entered together in the final step of the model
building.

Results

Two hundred and ninety seven patients with revision
hip replacement were identified within the stated study
period; 22 cases matched the exclusion criteria and were
excluded, leaving a total of 275 cases for analyses. Miss-
ing data ranged from 0.4% to 3%. The exception was
“component being revised” in which 37/275 or 13.5% of
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participants had missing data. There were no significant
differences in the samples with and without missing
data. Results of the sample producing the regression
model are presented below.

The mean age of the sample was 69.1 years old; 62%
were female. The LOS ranged from 4 to 91 days with a
mean of 29.6 days (s = 16.4). Forty-four percent of
patients were admitted for revision of a previously
revised hip, referred to as redo revision from hereon.
Majority of patients (89.8%) were discharged home; 2.9%
were discharged to acute care for orthopaedic or medi-
cal reasons (e.g. fractures, hip dislocation, respiratory
failure, heart attack etc.) and 6.9% were discharged to
supported living settings. The mean score for the motor
FIM on admission was 47.6. The socio-demographic and
pre-surgery related characteristics of the sample are
summarized in Table 1. The surgery and post-surgery
related characteristics, and the LOS of the sample are
shown in Table 2.

Table 1 Socio-demographic and Pre-Surgery related
characteristics (N = 275)

n %* Mean, SD, Min-
Max
Demographics
Age, yrs 69.1, 11.9, 22-87
Female sex 170 61.8
Have support available at home 176 64.0
Have environmental barriers at 139 505
home
Have language barrier 28 102
Pre-surgery related variables
Number of hip revisions’ 18,12, 1-6
1t 155 564
Redo revisions (>2) 120 436
o 66 240
3 23 84
46 31 113
Number of previous L/Es 1.5,15,0-10
surgeries®
<1 169 615
>2 105 383
0 78 284
1 91 331
2 51 185
3-4 44 160
5-10 10 37
Number of comorbid conditions 20,14, 0-6
<1 105 382
> 164 59.6

* Percentage may not add up to 100 related to missing data;
tIn the hip responsible for the current rehabilitation admission.

# Total number of orthopaedic surgeries in the lower extremities excluding all
hip replacement surgeries in the recently operated hip.

L/Es, lower extremities.
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Table 2 Surgery and Post-surgery related characteristics (N =
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275)

n %* Mean, SD, Min-Max
Revised component
Acetabular only 77 280
Femoral only 60 21.8
Acetabular & Femoral 101 36.7
Weight bearing restriction on admission
NWB or TWB 189 68.7
NWB 150 545
TWB 39 14.2
PWB or WBAT 85 287
PWB 19 6.9
WBAT 66 240
No. of patients with medical and/or orthopaedic complications 119 433
No. of medical complication
0 185 6838
1-2 75 271
3-4 9 33
No. of orthopaedic complication
0 218 81.0
1 46 16.7
2-3 5 1.8
No. of days after surgery on admission 87,80, 3-63
3-4 63 229
5-7 107 389
8-14 78 284
>15 27 9.8
Hemoglobin on admission (gram/liter) 980, 12.1, 6-13
Length of Stay" 296, 164, 4-91
Motor FIM on admission 476, 11.7, 13-81
Motor FIM on discharge 752,94, 20-84

*Percentage may not add up to 100 related to missing data;
1 Median = 27 days, Q1 = 17 days, Q3 = 40 days, mode = 21 days.

NWB, no weight bearing; TWB, touch weight bearing; PWB, partial weight bearing; WBAT, weight bearing as tolerated.

The unadjusted relationships between LOS and all
potential predictors are summarized in Table 3. The
variables on environmental barriers and language barrier
did not satisfy the .10 level of significance in their corre-
sponding simple linear regression with LOS and were
excluded in further models. The results in each step of
the regression are shown in Table 4 and the final model
is shown in Table 5. Factors that were significant (p <
.05) in predicting longer LOS were low admission FIM
score, female sex, “only the femoral” as compared to
“only the acetabular” revision, had 2 or more prior sur-
geries in lower extremities and redo revision (>2 revi-
sions). These 5 factors accounted for 28.0% of variance
in the inpatient rehabilitation LOS. The independent
effect of all 4 dichotomous variables on LOS ranged
from 4-6 days. A similar impact in longer LOS was
observed with a score reduction of 9-14 points in admis-
sion FIM (Table 5).

Discussion
The rising incidence of primary and revision hip repla-
cements in the past few years [1,3,6] will likely increase
demands for access to inpatient rehabilitation. Identifi-
cation of factors that impact rehabilitation inpatient
LOS will allow better prediction of bed flow and access,
support effective resources allocation and potentially
inform better care planning. To the authors’ knowledge,
this is the first study aiming to identify predictors of
rehabilitation LOS specific to inpatients following revi-
sion hip replacement. The inpatient LOS for this sample
was 29.6 days. Our results demonstrated that low admis-
sion FIM score, female sex, “only the femoral” as com-
pared to “only the acetabular” revision, 2 or more
previous surgeries in the lower extremities and redo
revision predicted longer LOS.

Our finding that admission FIM score predicted inpa-
tient LOS is not surprising. A common goal for most



Yeung et al. BMC Musculoskeletal Disorders 2010, 11:252
http://www.biomedcentral.com/1471-2474/11/252

Table 3 Unadjusted relationship between Length of Stay
(LOS) in days & all potential predictors

Continuous Variable N LOS r p-
value
Mean SD
Age 275 30 164 189 002
Adm. Hemoglobin (g/1) 267 30 162 .108  .079
Days after THR on admission 275 30 164 149 013
Motor FIM on admission 261 30 16.7 -440 <.001
Dichotomized Variables
Female sex No 105 26 16.0 001
Yes 170 32 16.1
Had support No 95 33 18.0 005
Yes 176 27 154
Environmental Barriers No 128 31 16.8 142
Yes 139 28 16.2
Language Barrier No 246 30 16.7 844
Yes 28 29 139
Redo revision (=2) No 155 27 139 <001
Yes 120 34 183
Had 2 or more prior L/Es No 169 28 15.3 026
surgeries
Yes 105 32 17.7
Had complication(s) No 150 27 15.0 0
Yes 119 32 17.7
N LOS p-
value*
Median IQR
Had 2 or more comorbid No 105 23 175 004
conditions

Yes 164 30 240
Revised component

Acetabular only No 161 29 220 001
Yes 77 21 155
Femoral only No 178 26 19.0 026
Yes 60 33 24.8
Acetabular & Femoral No 137 23 205 186
Yes 101 29 19.0
P/WBAT on admission No 189 30 240 <.001
Yes 85 21 155

*Significance of Non-parametric test.

r, Pearson correlation; Adm., admission; THR, total Hip replacement; FIM,
Functional Independence Measures; L/Es, lower extremities; P/WBAT; partial or
weight bearing as tolerated.

inpatients undergoing rehabilitation is to achieve the
functional independence needed to return home.
Patients who scored low on the FIM on admission were
more dependent in basic functional activities when
compared to patients who had higher scores, and may
accordingly take longer to achieve safe and inde-
pendent/supervised mobility needed to return home.
Admission FIM score has been found to associate with
longer LOS on inpatients with hip fractures [37] and
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stroke [38], but whether FIM can predict LOS has not
been previously examined in people following joint
replacement. Our current understanding is that when
there were differences in both LOS and admission FIM
scores between two comparison groups with THR, the
group with lower admission FIM score had longer LOS
[12]. Incidentally, when there was no difference in
admission FIM scores between groups, there was also
no difference in LOS between groups [39].

Our study confirms that basic functional indepen-
dence as reflected by the FIM score is an important area
in inpatient rehabilitation. While there is no doubt that
basic functional training is the focus of most rehabilita-
tion programs, a special care plan for training functional
independence in patients who may have longer LOS
may further improve this outcome. Further research is
needed to examine if different intervention strategies
(e.g. altering the intensity, frequency and/or duration of
functional training) in patients with low admission FIM
score will shorten the rehabilitation LOS of inpatients
following revision hip replacement. It is also important
to note that low FIM score implies more caregiver bur-
den (i.e. more demands on resources). With the pres-
sure of cost-containment, it remains unknown whether
these additional demands have become or will become a
subtle barrier for the more functionally dependent
patients to have equal and timely access to inpatient
rehabilitation. This area deserves further study to ensure
that the rehabilitation needs of the low functioning
patients are appropriately met.

Female sex was found to predict longer LOS in this
study. This finding was consistent with data in patients
with mixed cases of primary and revision hip replace-
ment, where women were found to stay 1-2 days longer
in both the acute care and in inpatient rehabilitation set-
tings [6,40]. However, neither the independent effect of
female sex on LOS nor data on patient with only revision
hip replacements were reported [6,40] for further com-
parison. The magnitude of the independent effect of
female sex in predicting 6 days longer LOS in this study
is quite large. This result indicates that substantially
slower bed flow and higher cost of rehabilitation should
be expected in inpatient settings with more female
patients who underwent revision hip replacements.

This study demonstrated that revision of only the
femoral component predicted 6 days longer LOS (Table 5)
when compared to revision of only the acetabular compo-
nent. The deep and bow-shaped femoral canal has made it
challenging to completely remove the cement mantle, or
to retrieve the old ingrown femoral prosthesis and to pre-
pare femoral canal for revision [41-43]. Controlling
damages in bone and soft tissues, and avoiding devascular-
isation of the bone may be more difficult in femoral than
acetabular revision. However, it is unclear why revision of
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Table 4 Results of the regression analyses (Dependent variable was length of stay in days)
Step 1 Step 2* Step 3* Step 4*
B1 only B1 &2 B1,2&3 B1,2,3 &4
Adjusted B, p  Adjusted B, p  Adjusted B, p  Adjusted B, p
1. Socio-demographic variables  Age 20, 001 14, 022 A7, 006 08, 225
Female 20, 001 17, 005 24, <.001 19, 003
Had Support =12, 044 -15, 010 -04, 489
2. Pre-surgery related variables Redo revision (=2) 20, 001 11, 085 12, 048
Had 2 or more prior L/Es surgeries .10, 076 .16, 008 14, 027
Had one or more comorbid conditions 10, 106
3. Surgery related variables Acetabular only revision .00 00
Acetabular & femoral only revision 22, 003 1, 143
Femoral only revision .28, <.001 17, 025
4. Post-surgery related variables  P/WBAT on admission -12, 058
Admission Hemoglobin -01, 871
Had complication(s) 02, 712
Days after THR on admission 07, 316
Admission motor FIM -31, <001

*Only variables significant at p < .10 at the previous step were retained and entered in the step.
L/Es. lower extremities; P/WBAT, partial or weight bearing as tolerated; THR, total hip replacement; FIM, Functional Independence Measures.

both hip components (femoral and acetabular) did not
predict longer LOS. It may be that other surgery related
factors (e.g. bone graft) varies widely in this subgroup of
patients, making it difficult to achieve a significant effect
in LOS. It is recognized that a major challenge in any type
of hip revision is bone deficiency [44], and the severity of
which depends on the indication and timing of the revi-
sion. Including these 2 factors and information on bone
graft in future studies may help to give better insight on
the impact of revised components on LOS.

Prior surgeries (>2) in the lower extremities predicted
longer inpatient LOS in this sample of patients. We could
not find similar data in samples with only revision hip
replacement for comparison. Residual body impairment

from prior surgeries may further worsen activity limita-
tion, and a longer time may be needed to achieve basic
functional independence. For example, a patient who has
only 70 degrees of knee flexion on the contralateral side
may take longer time to master the body mechanics
needed to stand up from a chair while keeping the hip
flexion less than 90 degrees on the operated side (standard
hip precaution). In addition to the lower extremities,
impairment of the upper extremities may also affect mobi-
lity because most inpatients rely on a walking aid, such as
a walker, to move around. Unfortunately data on the
impairment of upper extremities were not documented in
a standardized manner and was not feasible to be used for
quantitative analyses. Future prospective studies should

Table 5 Final model* of the regression analyses (n = 212, dependent variable was length of stay in days)

Model Unstandardized Beta Std. Error Standardized Beta p-value
(Constant) 40.27 11.54 004
Female 6.30 2.09 0.19 003
Redo revision (=2) 400 201 0.12 048
Had 2 or more prior L/Es surgeries 4.55 204 0.14 027
Acetabular only revision 0.00

Acetabular & Femoral revision 353 240 0.1 143

Femoral only revision 643 284 0.17 025
Admission FIM scores -044 0.09 -0.31 <.001
Age 0.11 0.09 0.08 225
P/WBAT on admission -4.36 2.28 -0.12 058
Admission Hemoglobin -0.01 0.09 -0.01 871
Had complication(s) 0.78 2.1 0.02 712
Days after THR on admission 0.15 0.15 0.07 316

*Total adjusted R? = 0.28.

L/Es, lower extremities; P/WBAT, partial or weight bearing as tolerated, THR, total hip replacement.
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consider the impact of all 4 extremities to obtain a more
comprehensive picture of their effect on inpatient LOS.

Our results indicated that redo revisions are associated
with 4 days longer LOS when compared to the first revi-
sion. It is presumably more challenging to restore nor-
mal anatomy and biomechanics of the hip with each
additional revision. Some body impairments may remain
after each revision surgery and accumulate to a ‘thresh-
old’ to affect the pace of restoring basic functional inde-
pendence. Limited data are available on the effect of
revision number on LOS on inpatients following hip
revisions. In their study comparing patients with pri-
mary and revision THR, Walker et al [24] found no dif-
ference in LOS between patients with first revision (n =
30) and redo revision (n = 9); details on revision num-
ber within the later group are not available. When com-
pared to their sample, our sample had a larger number
and proportion of patients with redo revision (120 ver-
sus 9 and 43.6% versus 23%, respectively). We also had
a heterogeneous sample where patients’ number of revi-
sion ranged from 2-6 in the subgroup with redo revi-
sion. These differences in sample size and patient
characteristics may have contributed to the differences
between our findings and that of Walker et al [24].

The authors are unaware of any Canadian data on
inpatients rehabilitation LOS following hip revision. The
average inpatient LOS observed in this study was longer
than data from the United States (U.S.), which ranged
from 10 to 15 days [11,12,24,45]. Differences in patients’
characteristics or discharge criteria might have contribu-
ted to difference in LOS among different studies. In a
small sample of 39 inpatients of average age 74.6 years,
Walker et al [24] found that the rehabilitation LOS was
10.5 days. Although the sample of Walker et al [24] had
comparatively more female patients than our sample
(80% versus 62%), their sample had a lower proportion of
patients with redo revision (23% versus 43.6%) and higher
proportion of patients with revision of only the acetabu-
lar component (46% versus 28%). In another study where
a subsample of 147 inpatients of average age 74 years old
with revision hip replacement, Vincent et al [12] reported
a rehabilitation LOS of 11.5 days. However, the sample of
Vincent et al [12] also had lower discharge motor FIM
score (54-65 for various reasons of revision versus 75),
and had lower proportion of patients returning home
(83% versus 90%) when compared to our sample. Unfor-
tunately, no data were available in the study of Vincent
et al [12] on discharge criteria or subsample patient char-
acteristics for further comparison. There were 3 other
studies [11,40,45] with mixed samples of both primary
and revision hip replacements; the reported LOS of the
subsamples with revision hip replacement ranged from
11 to 15 days [11,40,45]. It is difficult to compare our
finding with these studies because there were no baseline
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characteristics for the subsamples of patients with hip
revisions; generalizing their characteristics from the full
sample where most patients had primary THR will be
subjected to bias. Difference in source of rehabilitation
funding may also contribute to difference in LOS
between samples from U.S. and Canada, but this notion
will demand separate and detailed analyses of the funding
system in the two countries and will not be discussed
here.

Prior reports [11,40,45] on LOS in people with revision
THR often generalized all revision cases in one group and
were unable to provide information on potential difference
in impact of redo revision from first revision. Where the
impact of redo revision was studied [24], the sample size
of this subgroup (n = 9) was small. This subgroup consti-
tuted only less than a quarter of the full sample and the
range in number of revision is not provided to allow
further comparison between studies. A strength of this
study is that we had a decent number of patients in both
subgroups of redo and first revision with similar group
size (n = 120 versus 155), and there was a range in number
of revisions from 2 to 6 in the redo revision subgroup to
provide reference data for comparison with future studies.
However, this study also has several limitations. Firstly, no
care path was used at the time of this study which might
have affected the LOS, but a recognized formal care path
was not available in Ontario for revision hip replacements
at the time of this study. Our setting had implemented
routine care procedures and discharge plans shortly after
patient’s admission, and we believe patients were dis-
charged as soon as they were ready. Secondly, inpatients’
LOS is likely affected by many patient and non-patient
related factors (e.g. availability of rehabilitation support in
community). Inherent to the retrospective design of this
study, not all variables of interest were available and
recorded in a standardized manner appropriate for quanti-
tative analyses. The current study did not examine the
impact on LOS from many other factors of interest such
as body mass index, socio-economic status, race, number
of painful joints in the body, indications of revision and
rehabilitation staff-patient ratio etc. Considering that
many multi-dimensional factors can possibly affect LOS,
more than a quarter of the variance in LOS (28.0%) were
explained by our model, which likely reflected the depth
of influence from factors selected for use in this study.
Another limitation of this study is that data were collected
from only one inpatient setting which limits the generali-
zation of the result. Although there was no geographic
limitation on applicants’ region of residence, most patients
lived nearby and were operated by the limited number
of surgeons from the acute care hospitals in downtown
Toronto. It remains unknown if the surgical practices and
post-surgical protocols of these surgeons on THR are dif-
ferent from surgeons in other geographic areas. Further
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study is needed in samples from different geographic loca-
tion to validate the factors that had influenced LOS in this
study. Overall, this exploratory study has provided valuable
information for future prospective study to better under-
stand factors that impact inpatient LOS in people follow-
ing revision hip replacement.

The predictors found in this study can facilitate our
understanding in the potential LOS of rehabilitation
inpatients. For example, with all other factors being
equal, a difference of a motor FIM admission score of
40 versus 54 would predict that the individual with the
lower FIM score would have a 6 days longer LOS. Alter-
natively, our work would predict that a female as com-
pared to a male would have a 6 days longer LOS given
equality of other factors.

Conclusions

A score of 9-14 points lower in admission FIM, female
sex, revision of only the femoral component, 2 or more
previous surgeries in the lower extremities and redo
revision are all independently associated with 4-6 days
longer LOS. These results may facilitate bed flow. Addi-
tionally, patients with one or a combination of the
above characteristics that prolong LOS may benefit
from enhanced care plans that facilitate achievement of
rehabilitation goals for discharge home.
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