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or knee arthroplasty: are both performance and comorbidity measures
useful?
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Abstract
Purpose Variations in hospital length of stay (LOS) and function are present after hip or knee arthroplasty. Comorbidity and
performance measures have been associated with post-operative outcomes. It is however not known if both independently
contribute to outcome prediction. The objective of this study was to evaluate the combined predictive ability of comorbidity
scores (American Society of Anesthesiologists classification system (ASA), Charlson comorbidity index (CCI), 2008 version of
the CCI (CCI08)) and a performance measure (Timed-Up-and-Go (TUG)) on LOS and short-term function in patients under-
going knee or hip arthroplasty.
Methods One hundred eight patients undergoing hip or knee arthroplasty were assessed preoperatively with the ASA, CCI,
CCI08, and TUG. LOS was determined through administrative data. The Older Americans Resources and Services ADL
questionnaire (OARS) was used to assess function two and six weeks after surgery. Logistic regression was used to assess the
relationship between pre-operative assessments and LOS and OARS scores.
Results Both the ASA and TUG significantly contributed to LOS prediction. Odds ratio (OR) was 3.57 (95% confidence interval
(CI) 1.26–10.07) for the ASA, and 2.18 (95% CI 1.67–4.15) for a one-standard deviation (SD) increase of 4.45 s of the TUG.
Only the TUG was predictive of two weeks function and trending towards significance for six weeks function. One SD TUG
increase yielded an OR of 2.14 (95% CI 1.53–3.79) for two week function.
Conclusions The TUG and ASA can be used pre-operatively in combination to predict LOS, and TUG can also be used to predict
short-term post-operative function.
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Introduction

Following hip or knee arthroplasty, patients experience varia-
tions with regards to hospital length of stay (LOS), hospital

discharge destination, and functional outcomes. A minority of
patients experience prolonged hospital length of stay and re-
duced short- and long-term function [1]. Although these pa-
tients represent the minority, they incur substantial use of re-
sources and costs, both in the hospital and community [2].
Identifying these patients pre-operatively using valid criteria
allows to plan post-operative resources accordingly. For re-
search purposes, having valid case-mix criteria predictive of
poorer outcomes allows to control for these in trials, either
through stratified sampling or multivariate analyses. Pre-
operative and peri-operative intervention trials targeting these
patients can also be developed, in order to improve post-
surgical outcomes. A thorough understanding of these param-
eters would also allow clinicians and hospital administrators
to establish pre-operatively resources potentially needed post-
operatively with greater confidence.
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Several studies have identified factors predictive of poorer
outcomes following hip or knee arthroplasty, which have been
summarized in systematic reviews [3, 4]. Among these, co-
morbidities have constantly been shown to strongly predict
poorer post-operative outcomes [3, 4]. The comorbidity mea-
sure most often demonstrated to predict knee or hip
arthroplasty outcomes has been the American Society of
Anesthesiologists physical status classification system
(ASA) [3, 4]. The Charlson Comorbidity Index (CCI) is also
frequently used, but its predictive validity is less clear [3, 4]. A
revised version of the CCI was developed in 2008 (CCI08), in
order to make it more responsive to chronic conditions [5].

A newer category of data that has been shown in recent
studies to predict post-operative outcomes following knee or
hip arthroplasty is performance measures. In these, the patient
is asked to perform a standardized task and is assessed on his/her
capacity to do the task. Several performancemeasures have been
developed, including the ability to walk certain distances, am-
bulatory transitions, or stair negotiation. Of these, the Timed-Up-
and-Go (TUG) assessed pre-operatively has been shown to pre-
dict post-operative outcomes following knee or hip arthroplasty,
including LOS, short- and long-term function [6–10]. In the
TUG, the patient is asked to get up from a chair with armrests,
walk threemetres, turn around, and sit back down. The patient is
scored on the time it took to perform the task [11].

Although both ASA and TUGmeasures have been shown to
predict post-surgical outcomes following hip or knee
arthroplasty, they have not to our knowledge been assessed in
the same population at the same time, using multivariate analy-
ses. It is therefore not known if they relate to one another, or if
they both independently contribute to post-operative outcomes
prediction. If they are related or do not independently contribute
to outcome prediction, then assessing both would be unneces-
sary, especially since the TUG requires time and resources to
complete. Conversely, if comorbidity and performance mea-
sures both independently predict outcomes, this would suggest
that both should be assessed pre-operatively in order to better
predict post-operative outcomes. The objective of this study is to
evaluate the combined predictive ability of the ASA, CCI,
CCI08, and TUG of post-operative outcomes in patients under-
going knee or hip arthroplasty, using multivariate analyses.

Methods

Participants

Patients scheduled for unilateral primary knee or hip
arthroplasty for osteoarthritis (OA) in a university-affiliated
hospital in a university-affiliated hospital in Ottawa, Canada,
were invited to participate in the study between March and
October 2013. The following exclusion criteria were applied:
knee or hip arthroplasty in the month preceding surgery;

revision arthroplasty; diagnosed neurological or musculoskel-
etal disease (excluding OA) adversely affecting gait; unable to
read and/or understand English; documented cognitive im-
pairment precluding questionnaire completion; under 18 years
of age. All patients received the standardized care map used at
the Ottawa Hospital for joint arthroplasty, including anesthesia
protocol and post-operative rehabilitation. For five indepen-
dent variables in the multivariate regression model and an
event rate of 50% in the dependant variable (using LOS data
with the cutoff median of 3 days) [12], the minimum sample
size is 100 using the formula N = 10 × number of covariates/
event rate [13]. Taking into account possible drop-outs, 108
patients were recruited, with half undergoing hip arthroplasty
(n = 54) and the other half knee arthroplasty.

Study design and setting

The TUGwas administered pre-operatively by trained physical
therapists blinded to other outcomes. Patients were blinded to
TUG scores. ASAwas completed pre-operatively by the anes-
thesiologist anticipated to be involved in the surgery, using
patient interviews and charts. CCI was completed by an ortho-
paedic resident retrospectively using patient charts. Two ver-
sions of the CCI were calculated: the original version and the
revised 2008 version. LOS was determined using administra-
tive data. To assess short-term function after discharge, the
Older Americans Resources and Services (OARS) ADL scale
was used. It is composed of 14 questions that assess the pa-
tient’s perceived capacity to perform basic ADLs at home, such
as bathing, dressing, getting in and out of bed, housekeeping,
and getting around [14]. It has been validated to assess basic
function at home following surgery and used to follow patients
after arthroplasty [15–17]. The OARS was completed by pa-
tients two and six weeks after surgery. Demographic variables,
including age, gender, BMI, and the Western Ontario and
McMaster Osteoarthritis Index (WOMAC) score were also col-
lected before surgery. WOMAC was not assessed shortly after
surgery since it has been shown to be less responsive to change
for that time period [18].

Statistical analysis

Relationships between preoperative measures (ASA, CCI,
CCI08, and TUG) were assessed using bivariate analyses (t
tests or chi-square). ASAwas dichotomized using a cutoff of
1–2 vs 3–4, since this cutoff has been shown to be related to
LOS, and scores of 1 or 4 are rare in patients undergoing TJA
[3, 4]. Bivariate analyses were also used to study the relation-
ship between pre-operative measures (TUG, ASA, CCI,
CCI08) and post-operative outcome measures (LOS, 2 and
6 weeks OARS). Only the variables with a p value < .20 in
the bivariate analyses were included in the multivariate logis-
tic regression (Enter procedure). Separate logistic regressions
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were completed for each post-operative outcome measure as
the dependent variable. Prolonged LOS was defined as
three days or more, corresponding to the sample median and
the US national average [12]. A cutoff of 19 out of 22 for the
OARSwas used at two weeks, as a reduction of three points in
the OARS is considered to be a clinically significant decrease
in function [19]. OARS at six weeks was dichotomized as 22
out of 22 (complete basic function) vs under 22. Surgery site
(knee vs hip), age, gender, and BMI were also assessed as
covariates. Explained variance of the regression models was
assessed with Nagerkelke R2. All statistical analyses were per-
formed using SPSS version 23 (SPSS Inc., Chicago, Illinois).
A two-tailed level of significance of p < .05 was used in the
logistic regressions.

Results

During recruitment, 17 knee and 6 hip patients were excluded
because they suffered from a diagnosed neurological or muscu-
loskeletal disease, in addition to OA, adversely affecting gait.
These included rheumatoid arthritis, ankylosing spondylitis,
spina bifida, spinal stenosis, hip dysplasia, Meniere’s disease,
multiple sclerosis, Parkinson’s disease, or fibromyalgia. Of the
final 108 participants, 54 were women (50%). The average age
was 64 years (SD = 12.5 years), while the average body mass
index (BMI) was 30.4 (SD = 6.2). The average pre-operative
WOMAC function score was 50.3/100 (SD = 19.5). Half
underwent hip arthroplasty. Fifty patients (46.3%) were hospi-
talized for one or two days, 41 (38%) for three days, and 17
(15.7%) for four or more days. For discharge destination, 98
patients were discharged home and ten were discharged else-
where. Table 1 provides outcome measure data. Forty-six pa-
tients (44.7%) had an OARS score above 19 at two weeks, and
54 patients (51.9%) had complete basic function at six weeks.

When looking at the proportion of patients without comor-
bidities, this varied according to the instrument: ASA score of
1 = 4.6% of patients; ASA score of 1 or 2 = 52.8% of patients;
CCI score of 0 = 61.1%; CCI08 score of 0 = 39.8%. Both CCI

(p < .001) and CCI08 (p < .001) scores were significantly re-
lated to ASA scores. The average pre-operative TUG timewas
11.4 s (SD of 4.4 s). None of the comorbidity scores were
significantly related to TUG scores as follows: ASA
(p = .29), CCI (p = .16), and CCI08 (p = .09).

Bivariate analyses of pre-operative measures with LOS
found that ASA (p < .01), TUG (p < .01), surgery site
(p < .01), age (p = .02), gender (p < .01), BMI (p < .01), and
CCI08 (p = .09) were significantly related to LOS, while CCI
(p = .35) was not. Table 2 describes the regression results
concerning LOS. Following regression, ASA, TUG, and gen-
der significantly contributed to LOS prediction, while age,
BMI, CCI08, and surgery site did not. The Nagerkelke R2

for the regression was 46.2%. The odds ratio (OR) for one
SD increase of the TUG (4.45 s) was 2.18 (95% C.I. 1.67–
4.15). Using a previously validated TUG cutoff of 10 s [6, 7,
20], patients with an ASA score of 3 or 4 AND a TUG ofmore
than 10 s (representing 23.1% of patients) had an OR of
prolonged LOS of 6.54 (95% C.I. 1.75–24.50).

Bivariate analyses of pre-operative measures with 2-week
OARS scores found that TUG (p = .01), ASA (p = .12), and
BMI (p = .05) were significantly related, while CCI (p = .23),
CCI08 (p = .22), surgery site (p = .76), age (p = .51), and gen-
der (p = .38) were not. Table 3 provides regression results
related to 2-week OARS function. TUG and BMI significant-
ly contributed to 2-week OARS prediction following the re-
gression analysis, while ASA did not. The Nagerkelke R2 was
25.7% for the 2-week OARS regression. The OR for one SD
TUG increase was 2.14 (95% C.I. 1.53–3.79).

Bivariate analyses of pre-operative measures with 6-week
OARS scores demonstrated that the TUG (p = .03), BMI
(p = .04), and gender (p = .06) were significantly related,
while ASA (p = .57), CCI (p = .81), CCI08 (p = .78), surgery
site (p = .55), and age (p = .30) were not. Table 4 provides
regression results related to 6-week OARS function.
Following regression analyses, the TUG and BMI were
trending towards significance for 6-week OARS prediction,
while gender did not significantly contribute. The Nagerkelke
R2 was 13.8% for the six week OARS regression.

Table 1 Outcome measure scores (n = 108)

American Society of Anesthesiologists classification (ASA) distribution 1: 5 (4.6%)
2: 52 (48.1%)
3: 47 (43.5%)
4: 4 (3.8%)

Average Standard deviation Range

Timed-Up-and-Go (TUG) 11.4 4.4 5.6–28.2

Charlson Comorbidity Index (CCI) 0.8 1.3 0–8

Charlson Comorbidity Index version 2008 (CCI08) 1.2 1.6 0–8

Older Americans Resources and Services ADL questionnaire (OARS)

Two weeks postoperative 18.9 2.2 13–22

Six weeks postoperative 20.9 1.8 10–22
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Discussion

Arthroplasty incurs substantial costs, with these costs associ-
ated with hospitalization and post-discharge recovery re-
sources among others. Pre-operatively predicting LOS and
post-operative function allows for estimation of the level of
resources that patients will possibly require during hospitali-
zation and after discharge, allowing healthcare organizations
to plan accordingly based on the pre-operative characteristics
of their clientele. Patients with worse pre-operative outcome
scores would be expected to require additional resources,
whereas those having better scores could be targeted for
fast-tracking or same-day surgery.

Results confirm the predictive ability of the ASA score
with regards to LOS. The cutoff found in other studies was
also confirmed (1–2 vs 3–4), meaning that the ASA can be
dichotomized [3, 4]. As with other cohorts, ASA scores of 1
and 4 were very rare, further justifying the dichotomization.
Alternatively, both CCI and CCI08 were not predictive of any
of the outcomes studied. The CCI was developed mainly to
predict mortality associated with surgery [21], which is some-
what rare in the context of arthroplasty. The outcomes of this
study were functional, with function being a core outcome
following arthroplasty and applying to all patients. The
CCI08 was developed in order to make it more responsive
to chronic diseases. However, both the CCI and CCI08 score
comorbidities based on the presence or absence of diseases,
notwithstanding their impact on function. The ASA assesses
the impact of comorbidities on function, since a score of 2
indicates Bmild diseases only without functional limitations^,

and a score of 3 is Bsubstantive functional limitations; one or
more moderate to severe diseases^ [22]. Since LOS is partly
determined by patient function, this possibly explains why
ASA was predictive of LOS, while CCI and CCI08 were
not. As with other studies, this study result questions the utility
of the CCI/CCI08 when the objective is to predict LOS. If on
the other hand the objective is to predict mortality, then the
CCI/CCI08 could potentially be appropriate. The ASA is of-
ten considered more subjective than the CCI, but the subjec-
tive perception of the anesthesiologist appears to be a valid
predictor of LOS. While the ASA was predictive of LOS, it
was not of the other functional outcomes. LOS is dependent
on the patient’s capacity to recover basic independent function
after surgery [23], which appears to be reflected in the ASA
score. However, more advanced function attained after hospi-
tal discharge does not appear to be captured with the ASA. If
the objective is to predict functional outcomes beyond LOS,
the ASA appears insufficient.

This study also confirms the independent contribution of
the TUG to predict LOS, and the TUG and ASA were not
statistically related to one another. This seems to confirm that
these tools measure different dimensions while independently
contributing to LOS, with the ASA being a general health
index and the TUG a functional measure. LOS appears to be
determined by different factors, with patient function (TUG)
and general health (ASA) being two of them. Explained var-
iance of LOS was also quite at high at 46.2%. Patients with a
TUG of more than ten seconds and an ASA of 3 or 4 were
more than 6 times at risk of prolonged LOS. Assessing pa-
tients pre-operatively with only two relatively simple tools

Table 2 Logistic regression results for hospital length of stay

Beta Standard error Exp (B) 95% C.I. for Exp (B) p value

American Society of Anesthesiologists classification (ASA) 1.271 .530 3.566 1.263–10.070 .016*

Timed-Up-and-Go (TUG) .156 .072 1.169 1.014–1.346 .031*

Surgery site (knee vs hip) 1.053 .566 2.867 .945–8.692 .063

Age .020 .023 1.020 .975–1.067 .394

Gender
(female vs male)

1.316 .511 3.727 1.369–10.142 .010*

Body mass index (BMI) .084 .052 1.088 .983–1.205 .104

Charlson Comorbidity Index version 2008 (CCI08) − .013 .183 .987 .690–1.413 .944

*p < .05

Table 3 Logistic regression results for 2-week Older Americans Resources and Services ADL questionnaire (OARS) scores

Beta Standard error Exp (B) 95% C.I. for Exp (B) p value

Timed-Up-and-Go (TUG) .173 .056 1.189 1.066–1.326 .002*

Body mass index (BMI) .102 .041 1.107 1.326–1.199 .012*

American Society of Anesthesiologists classification (ASA) .277 .488 1.319 .507–3.434 .570

*p < .05
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(ASA and TUG) could help in determining who is at risk of
needing further resources during hospitalization, or converse-
ly who could be fast-tracked.

As for short-term basic function after hospital discharge,
only the TUG was predictive of two weeks post-operative
function and trending towards significance for six weeks
post-operative function. Thus, pre-operative TUGwas the tool
most consistently predictive of all post-operative outcomes.
The pre-operative TUG has also been shown to predict post-
operative function for other health diseases, such as cardiac
problems [24], showing the importance of basic pre-operative
function irrespective of the disease or surgical intervention.
The TUG is a measurement that combines basic functional
tasks needed for everyday life, such as chair transfer and walk-
ing. The TUG takes minimal resources and time to accom-
plish, and has been shown to be one of the most widely used
outcome measures in rehabilitation for arthroplasty [25].
Since explained variance (R2) decreased with time, function
appears more complex the further the time period from sur-
gery. In the longer term, perceived post-operative function can
be influenced by numerous factors including patient expecta-
tions and needs, available resources such as caregivers, and
living environment [26]. Other tools in addition to the TUG
appear needed if the objective is to pre-operatively predict
longer-term function with greater accuracy. Both the pre-
operative TUG and ASA have been demonstrated as predic-
tive of long-term function [27, 28], but not with the same
population.

The study results are however limited by several factors. A
number of patients were excluded because they suffered from
a diagnosed neurological or musculoskeletal comorbidity
impairing their ability to accomplish the TUG test. Even if
the excluded subjects would have been included, it is doubtful
this would have changed results since they would have scored
a 3 or 4 on the ASA, and a poorer TUG performance would
have been more likely. All the excluded cases actually had a
LOS of three or more days. Also, the average pre-operative
WOMAC function score of the participants is also comparable
to the general OA population undergoing arthroplasty [29],
and close to half of the sample was still suffering from comor-
bidities according to the various tools. Assessments are espe-
cially useful for cases that are less clear, in order to help in
decision-making. The present study results therefore demon-
strate the utility of the pre-operative TUG and ASA in patients
with less clear outcomes. Study results were also limited to a
six week follow-up. However, most of the recovery and

variability between patients occur in the first month following
arthroplasty [29], and early post-operative function is predic-
tive of long-term function [30]. The limited predictive ability
of the TUG for six weeks post-operative function is probably
related to the use of the OARS, as it assesses only basic func-
tion, with the majority of patients showing perfect basic func-
tion at six weeks. A questionnaire assessing more advanced
activities, such as the HOOS or WOMAC, would probably
have been preferable for the six week post-operative period.
Another study using the WOMAC has already demonstrated
the predictive ability of the TUG for longer-term function [6].
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