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Abstract
Introduction and Objectives: A total knee arthroplasty (TKA) clinical pathway database has

been used in our institution since the year 2000. The primary aim of this study was to review the
patient epidemiology, postoperative complications and factors influencing hospital length of stay
following TKA. The clinical outcomes and cost-savings between elective and same day admissions
for TKA patients were also reviewed. Materials and Methods: The study cohort retrieved from
the database comprised 1371 patients (1663 knees) who underwent total knee replacement over
a 6-year time period. The following variables were reviewed: epidemiological data, admission
data (elective admission [EA] versus same day admission [SDA]), hospital length of stay (LOS),
and complication rates. Results: The mean age of patients undergoing TKA is 65.2 years (range,
22 to 90). Osteoarthritis was the main surgical indication in 96% of the study cohort. Overall,
there was a gradual decline in the hospital length of stay for the study cohort for the 6-year time
period. The overall complication rate was 2% and the 3 most common complications were deep
vein thrombosis, pulmonary embolism and urinary tract infection. Conclusion: With an increas-
ing elderly population there will be an annual increase in the number of TKAs. In our local
population TKAs are performed primarily for the Chinese female in the 7th decade. The overall
complication rate of TKA remains low with a mortality rate of <1%.
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Introduction
Total knee arthroplasty (TKA) has been established as an

effective treatment modality for patients with symptomatic
knee arthritis.1,2 It provides predictable decrement in pain,
correction of deformity and improved functional
outcomes.3,4 Since the geriatric population is expected to
increase over the next 2 decades,5 there will be an increase
in the proportion of patients presenting for total knee
arthroplasty.

Clinical pathways have been used in various centres to
decrease the length of stay and complications of surgical
patients.6-9 Our institution performs a high volume of the
total knee replacements in our country and a formal clinical
pathway has been instituted since 2000. The TKA clinical
pathway database also facilitates clinical studies and
departmental audits. This study reviews the epidemiology
and surgical outcomes of Asian patients undergoing total

knee replacement in a tertiary institution in Singapore.

Materials and Methods
A retrospective study was conducted reviewing all patients

who underwent primary total knee replacement in our
institution between January 2000 and December 2005.
Patients who had revision total knee replacement were
excluded from this study. All patients in this specified time
period had clinical data entered into Microsoft ACCESS
database software by a dedicated case manager. All data
pertaining to complications and re-admissions were also
captured.

Senior orthopaedic surgeons performed all surgical
procedures. All procedures were performed in laminar-
flow operating rooms and patients were administered broad-
spectrum antibiotics for prophylaxis. All patients had medial
parapatellar approach for the TKA. Postoperative
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rehabilitation protocol allowed all patients immediate weight
bearing as tolerated on postoperative day 1. All patients
received anti-thromboembolic stockings; but
pharmacological agents for DVT prophylaxis were
selectively used for high-risk patients. Table 1 summarises
the total knee arthroplasty pathway used in our institution.

All patient bio-data (e.g. age, sex, diagnosis, co-
morbidities) and complications were retrieved from the
database. The admission type (same-day versus elective
admission) and length of stay were also analysed. A
statistician performed all statistical analysis. Fisher exact
test and biserial correlation were applied to ascertain the
association amongst the variables. The analysis was
performed with Stata 9.0 (Stata Corp, Texas, USA), and
tests were conducted at a 5% level of significance.

Results
The study cohort comprised 1663 knees in 1371 patients

who underwent total knee replacement in the 6-year time
period. The male to female ratio was 1:4. Mean age at the
time of operation was 65.2 years (range, 22 to 90). Majority
of patients undergoing TKA in this institution were in the
7th decade (range, 61 to 70) and made up approximately
40.2% (Table 2). Patients either more than 80 years or
below 50 years of age comprised of only 7.5% of the cohort.
Racial distribution of our study cohort was nearly similar
to our country’s demographics: 1178 Chinese (86.0%), 88
Malays (6.4%), 77 Indians (5.6%), 6 Eurasians (0.7%), and
22 Others (1.6%).

Almost half of the cohort (50.6%) had no co-morbidities.
In the remaining patients, one third had 1 co-morbidity. The
3 most common co-morbidities were hypertension (45.9%),
dyslipidaemia (16.9%) and diabetes mellitus (13.0%). Right-
sided TKR (55.1%) slightly exceeded left TKR (44.9%).

In 96% of patients, the pre-dominate diagnosis was
osteoarthritis; 4% of patients had rheumatoid arthritis
(RA). Due to disease severity, more than half the patients
in our cohort (56.6%) were dependent on a quad-stick.

About 44.5% of patients were able to ambulate
independently. Previously all patients were electively
admitted a day before surgery for preoperative evaluation.
Over the 6-year period an increasing number of patients
were evaluated and optimised at the preoperative clinic and
admitted only on the day of surgery (Fig. 1).

Overall, over the 6-year period, the average length of stay
(LOS) for the entire cohort showed a decreasing trend (Fig.
2). This is attributed to an increasing number of patients
being optimised prior to the TKA and are only admitted on
the day of surgery. Furthermore, the shift from elective
admission to same day admission is not associated with an
increase in complications (no difference in complication
rates between the 2 cohorts, P value = 0.99).

The overall complication rate and 30-day culmulative
complication rate was 2% and 3.72%, respectively for the
6-year time period (Table 3). The 30-day cumulative
complication rate was calculated based on in-hospital
complication rates as well as complications requiring further
admission within a month from initial surgery. There was
no co-relation between number of comorbidities and number
of complications developed during hospitalisation or at 30
days (P value 0.44). We calculated the P value using the
Spearman Correlation (Co-efficient 0/02).

Deep vein thrombosis (DVT) occurred in 11 patients.
DVT and pulmonary embolism (PE) are only diagnosed
when they have been shown to be scan positive, as all
clinical probable DVT/ PE are further sent for a Duplex
study or a spiral CT thorax, respectively and all cases were
treated with appropriate anti-coagulation as per the advice
of the vascular clinic physicians.

Patients who demised following index surgical procedure
in hospital were defined as in-patient mortalities. One
patient died following the operative procedure and cause of
death was attributable to sepsis from a chest infection (rate
0.06%). One patient died at 30 days following the index

Fig. 1. Percentage of elective admissions compared to same day admissions.
Fig. 2. Length of stay for elective admissions, same day admissions and
overall length of stay.
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procedure due to sepsis secondary to urinary tract infection,
making the mortality rate 0.11% at 30 days.  Though both
patients’ mortality was not directly related to the TKA, it is
probable that it may be related to physiological
complications that occur after a major surgical procedure.

Re-admission rates were about 0.4% to 1% per year
between 2003 and 2005. There were a total of 8 re-
admissions between 2003 and 2005. Four patients were re-
admitted for a clinical diagnosis of deep vein thrombosis.
One patient was admitted for revision surgery for a
periprosthetic fracture following a fall. Four patients were
readmitted for wound infection. Three patients had
superficial wound infection and were successfully treated
with intravenous antibiotics. One patient was admitted for
deep wound infection. During pre-operative medical
optimisation for removal of implants, he succumbed to
severe urinary sepsis.

Discussion
A review of world population statistics revealed that in

1950, the proportion of people aged >60 was 8% and in
2000 it rose to 10%; this figure is expected to be 21% in
2050.5 Similarly in Singapore, the proportion of the geriatric
patient population has been speculated to increase over the
next 2 decades. The proportion of persons more than 65
years was 4.9% in 1980; this has nearly doubled to about
8.3% in the year 2005.10 Life expectancy has also risen with
each individual likely to live to an average of 79.9 years in
2005. The annual rate of total knee replacement will be
expected to increase over the next few decades.

A significant proportion of patients in this study were in
the 7th decade (61 to 70 years). For many of the socio-
cultural activities (e.g. kneeling, squatting and sitting cross-
legged), optimal knee range of motion is important.11 This
leads to probable progressive knee arthritis leading to

Table 4. Distribution of Males and Females With Age in the Singapore
Population (6th to 9th Decade)10

Percentages Male percentage (%) Female percentage (%)

6th decade (51-60) 6.55 6.49

7th decade (61-70) 3.23 3.26

8th decade (71-80) 2.09 2.09

9th decade (81-90) 0.64 0.96

Total 12.51 12.80

Table 3. Inpatient and 30-day Complication Rates

In hospital 30 day cumulative
complication complication

rate (%) rate (%)

Deep venous thrombosis 0.66 1.13

Urinary tract infection 0.30 0.30

Wound infection 0.24 0.79

Pulmonary embolism 0.18 0.17

Pressure sore 0.12 -

Acute myocardial infaction 0.12 0.23

Pneumonia 0.12 0.12

Cerebral vascular accident 0 0

Congestive heart failure 0.06 0.06

Cellulitis of leg 0.06 0.06

Dislocation of knee prosthesis 0.06 0.06

Popliteal artery damage 0.06 0.06%

Table 2. Distribution of Males and Females Undergoing TKR in Terms of
Number of Knees (Over Denominator of 1654)

Percentages Male (No.) / Percentage (%) Female (No./#)/
Percentage (%)

3rd decade (21-30) 3/0.2 0/0

4th decade (31-40) 3/0.2 6/0.4

5th decade (41-50) 15/0.9 51/3.1

6th decade (51-60) 69/4.2 337/20.4

7th decade (61-70) 125/7.6 538/32.5

8th decade (71-80) 98/5.9 352/21.3

9th decade (81-90) 11/0.7 46/2.8

Total of 6th to 9th decade 1330/80.4 324/19.6

Table 1. Total Knee Replacement Pathway

Op day Clamp drain if >300 ml
Continuous passive motion
Sufficient analgesia 
Catheterise if NPU > 6 hours
TEDS
Antibiotics x 3 days
IV hydrocortisone if rheumatoid patient

POD1 Check haemoglobin
Chest physiotherapy
Partial weight bearing started
CPM if not started

POD2 Off drain if drainage minimal
Partial weight bearing
Review antibiotics
Discharge planning

POD3 Review intravenous patient controlled analgesia and convert to
oral analgesia
AmulationStart stair climbing
Wound inspection

POD4 Review all medications

POD 5 Off CPM if flexion >/=90 degrees
Home if ambulating well
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relatively younger patients presenting to the orthopaedic
surgeon in the local context.

Singapore’s demographics based on recent population
statistics is as follows: 75.6% Chinese, 13.6% Malay, 8.7%
Indian and 2.1% Others.10 Both the Chinese and Indian
patient population in this study is very similar to the local
demographics. In contrast, the percentage of Malay patients
in this study is significantly lower than the general
population. The authors and senior surgeons in our
institution have observed that elderly Malay patients are
often not in favour of surgical intervention despite severe
symptomatic knee arthritis; and this may possibly explain
the smaller sample size amongst this group.

This study reveals that females are approximately 4 times
more likely than their male counterparts to undergo TKA.
It may be postulated that the proportion of females is higher
than males for the individual age groups. However, the
percentage of males in the whole population in the 6th, 7th

and 8th decades is comparable to the female counterparts;
only in the 9th decade does the proportion bias move
towards the female gender (Table 4). Thus, the more
plausible explanation is that in the Asian population,
females are more likely to have varus knees deformity and
this may predispose them to a relatively higher
preponderance of symptomatic knee arthritis at an earlier
age when compared to males.12

RA as an indication for TKR is low (4%). RA has a low
incidence in Asians.13 This is so, compared to the Caucasian
population.14-18 The Swedish registry had a 11% to 17.4%
incidence of RA as an indication for TKA.17,19 In a large
TKA series from North America, the incidence of RA
comprised nearly a third of the patient population (31.2%
RA vs. 68.1% OA ).1 In the Norwegian registry, the OA and
RA proportion undergoing TKA is 76% and 15%,
respectively.18 Thus, in the Asian population the main
indication for total knee arthroplasty remains as

osteoarthritis.13,20

Generally the complication rates such as deep venous
thrombosis and pulmonary embolism appear to be smaller
than those reported in European and North American
studies.1 This may be due to an intrinsic difference in
disease susceptibility. Protocol for DVT prophylaxis is
clinically based rather than consensus driven. All patients
are prescribed anti-thromboembolic stockings and are
mobilized by the first post operative day. Only patients with
multiple risk factors for DVT are administered low-
molecular-weight-heparin (LMWH) postoperatively. In
this study, patients did not receive a routine duplex and was
based on clinical assessment. Currently, a study has been
conducted in our institution to assess the overall risk of
DVT in our local patient population.

The mortality rates in this study (<1%) are comparatively
lower than in other case series. UCLA and Mayo studies21,22

reported that with careful selection of patients, the mortality
rates are generally <2%. Table 5 shows a comparison of
complication rates in-hospital and at 30 days between our
local data and overseas centres in Mayo and UCLA.21,22

The differences in mortality rate can be explained by 2
factors that are inter-related: younger patient group and
more than 70% of the patients have 1 or no co-morbidities.
Furthermore, with an increase in the number of same-day
admissions, patients were well optimised prior to surgery
and the use of clinical pathway probably also associated
with overall improvement in morbidity and mortality
compared to results from other centres.

For our patient cohort, wound infection was not shown to
be associated with diabetes mellitus. All the patients who
experienced wound infection were non-diabetics. However,
all patients with urinary infection had diabetes mellitus.
Common co-morbidities such as hypertension and diabetes
mellitus were not co-related with the occurrence of deep
venous thrombosis or pulmonary embolism (P <0.05).

Table 5. Comparison of In-hospital and 30-day Complication Rates

Department of Orthopedic Department of  Our Institution
Surgery,  UCLA22 Orthopedic Surgery,  (Department of

(n = 222,684) Mayo Clinic, Minnesota21 Orthopaedic Surgery)
(n= 10,244)

In hospital 30 day In hospital 30 day In hospital 30 day
% % % % n = 1660 (%)  n = 886

 (2003-2005) (%)

Mortality 0.18 0.49 – 0.5 0.06 0.11

Infection 0.34 0.86 – – 0.24 0.79

Pulmonary embolism 1.79 2.09 – 0.7 0.18 0.17

DVT – – – 1.5 0.66 1.13

MI – – – 0.4 0.12 0.23

Overall – – – 2.2 1.99 3.72
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Previously, patients were admitted electively a day prior
to surgery (elective admissions) for administrative reasons,
preoperative anesthetic reviews and for blood cross
matching. Over the 6 years, there has been a steady increase
in same day admission (SDA) with patient optimisation
and preparation for surgery done at the out-patient s etting
(Fig. 1). There are no differences in immediate post-
surgical outcomes. Overall the mean length of stay between
same day and elective admissions is approximately 1 day.
On a daily basis, the costs involved for a typical knee
replacement patient are ward charges and daily treatment
fees, which cost 300 Singapore dollars (S$300) daily, not
including surgical fees. In our institution approximately
400 patients undergo total knee arthroplasty every year.
The total cost savings is S$300 x 400 = $120,000/year.
With a shift towards same day admissions, tertiary
institutions can expect to economise on bed availability for
acute care as well as monetary savings of more than
$100,000 dollars on an annual basis.23

We expect the rates of TKA to increase over the next 20
years as surgery becomes more acceptable to the population
as a way of improving the quality of life. With a more
rigorous rehabilitation protocol and dedicated pathway, it
is likely that future complication rates will decrease together
with the length of stay. This paper serves as a basis for
comparison of future database of epidemiological
information on TKA in Singapore since it allows tracking
of outcomes and serves as a platform to conduct further
analysis and studies.

Conclusion
The use of the knee pathway has led to a significant

decrease in the length of stay among patients undergoing
TKR in our institution mainly due to same day admission.
It has also been instrumental in keeping the complication
rates low as well as establishing early rehabilitation as part
of the postoperative protocol. Moreover, the transition
from elective admission to same day admission of TKA
patients resulted in significant cost savings to our institution.
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