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Abstract
Introduction: According to the World Health Organization data repository, the average life expectancy at birth for Singapore in
2015 has risen to 83.4 years, and many octogenarians (OG) remain active socioeconomically. The aim of this study is to compare
the improvement and the impact of comorbidities on functional recovery after total knee arthroplasty (TKA) between OG and
their younger counterparts. Methods: This is a retrospective study of prospectively collected data from a single institution
arthroplasty register. Between January 2006 and December 2011, 209 OG with primary knee osteoarthritis underwent TKA.
Each OG (mean age 82 + 2.1) was then carefully matched to a younger control group (YG, mean age 66 + 4.5). Their post-
operative outcomes measured include Oxford Knee Score (OKS), SF36-Physical Function (SF-PF), and knee society rating score
comprising of Knee Score (KS) and Function Score (FS). Their respective degrees of improvement were compared and adjusted
for their baseline comorbidities, measured using the Deyo-Charlson Comorbidity Index (D-CCI). Results: There were more
comorbidities among the OG (P < .05). Both groups saw the largest improvement (P < .05) during the first 6 months. There
was no statistical significance between their improvement for OKS, KS, and FS between baseline and 6 months and OKS, FS, and
SF-PF between 6 and 24 months. Adjusted for D-CCI using linear regression, the above results remained largely unchanged.
Discussion: In our study, both groups showed significant improvement across all functional outcomes, especially during the first
6 months. The improvement observed in OG at 6 and 24 months was comparable to that of YG, despite an overall higher baseline
D-CCI. Conclusions: Total knee arthroplasty is a viable treatment option for the OG, offering good functional outcomes and
results at 6 and 24 months when compared to their younger counterparts.
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Introduction

Total knee arthroplasty (TKA) has been widely regarded as an

effective and safe treatment in the management of total knee

osteoarthritis, offering pain relief and good functional improve-

ment.1,2 The number of joint replacements performed over the

years has risen substantially,5 leading to a projected increase in

surgical load and health-care resource allocation.6,7

Besides improving quality of life, there are also potential cost

benefits in offering TKA to the elderly population.8 This is

especially relevant in developed countries like Singapore where

the life expectancy of male and female has risen from 73.1 and

77.6 in 1990 to 80.4 and 84.9 in 2015, respectively.9 Although

TKA improves functional outcomes and patient satisfaction

among the octogenarian (OG; above age 80 years),10-12 it still

remains unclear whether they can recover fast enough in order

for them to reap the benefits. More importantly, there is
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insufficient data comparing the functional outcomes of the OG

with that of the younger counterparts, as well as whether comor-

bidities play a significant role in affecting their recovery. We

hypothesize that in the presence of well-controlled comorbidities

and optimal patient selection, OG will reap the same level of

benefits from the procedure as that of their younger counterparts.

The aim of our study was (1) to compare the improvement

between the OG and their younger counterparts, (2) to determine

if the OG have more baseline comorbidities, and (3) to study the

impact of comorbidities on the functional recovery after TKA.

Materials and Methods

We retrospectively studied prospectively collected data from a

large tertiary hospital in Singapore. Out of 7532 patients who

underwent TKA from January 2006 to December 2011 at our

single institution arthroplasty register, 209 OG who completed

their 6- and 24-month follow-up at our Orthopaedic Diagnostic

Centre were identified. To establish a comparator control

group, we performed a 1:1 match for each of these 209 OG

with a younger patient (below age 80) based on gender, body

mass index (BMI), operating surgeon, site of TKA, history of

contralateral TKA, and primary diagnosis.

Deyo-Charlson Comorbidity Index

All patients were assessed for their comorbidities prior to

surgery, graded using the Deyo-Charlson Comorbidity Index

(D-CCI).13 Their D-CCI scores were calculated based on the

17 defined comorbid conditions, each assigned to a weighted

scale from 1 to 6. All subjects were subcategorized into

D-CCI of 0, 1, 2, and more than 3.

Functional Outcomes

Clinical information was collected prospectively by our insti-

tution Orthopedic Diagnostic Center at each follow up visit,

scheduled 6 and 24 months postprocedure. Pre and postopera-

tive functional outcomes were measured using Oxford Knee

Score (OKS),14 SF36-Physical Function (SF-PF), Knee Society

Rating Score comprising of Knee Score (KS), and Function

Score (FS).15 Oxford Knee Score is a patient-reported outcome

questionnaire, grading from 12 (best) to 60 (worse), which is

used to assess the patient’s perspective of the outcome after

TKA. The KS takes into consideration, pain, knee stability,

range of motion, and implant alignment, while FS evaluates

function of daily living including walking distance, ability to

climb stairs, and the requirement of walking assistance. The

functional outcomes (OKS, SF-PF, KS, and FS) at each time

frame were computed as mean and standard deviation. Within

each group, the minimal clinically important difference

(MCID) for both Knee Society Score and OKS were used to

determine whether the improvement at 6 and 24 months was

clinically significant when compared to their baseline.

Degree of Improvement

The degree of improvement between each follow-up was cal-

culated based on the difference in score. For example, the

degree of improvement for KS between 0 and 6 months was

calculated by subtracting the KS value at 6 months from its

baseline score.

Statistical Analysis

All statistical comparisons were made using the SPSS version 21

(SPSS, Inc., Chicago, Illinois, USA). The difference in func-

tional outcomes within each group was analyzed using analysis

of variance with least significance difference method. We com-

pared the difference in improvement between both groups using

independent t test. To account for the influence of baseline

comorbidities, the P values of the degree of improvement com-

pared between both groups were D-CCI adjusted using linear

regression method. The threshold for significance was < .05.

A sample size of n per group is adequate to detect an effect

size of (4/square root n) with an 80% power at a ¼ .05 using a

2-tailed t test. In our study, with a sample size of 209, our effect

size was computed as .28. Using Cohen d for a t test, this study

is considered to have a “small” effect size. This study was

approved by the Singhealth Centralised Institutional Review

Board, Singapore (CIRB Ref. No: 2016/3053)

Results

A total of 209 OG were studied. The mean age was 82.1 +
2.1 years for the OG and 66.1 + 4.5 years for the YG. Their

average BMIs were 26.4 and 26.6 respectively (P > .05). There

were more baseline comorbidities among the OG, with about

Table 1. Preoperative Characteristics and Baseline Functional Scores.

Baseline Functional Scores and Comorbidities

Control (YG)
Octogenarian

(OG)
P

value

Age 66.1 82.1 < .05
BMI 26.6 26.4 .430
D-CCI

0 65.1% 49.8% < .05
1 26.8% 36.4%
2 7.7% 11.0%
>3 0.5% 2.9%

Functional Scores
Oxford Knee Score

(OKS)
35.15 + 8.325 38.63 + 8.816 < .05

Knee Score Rating
Score

Knee Score 38.10 + 18.527 36.77 + 19.684 0.477
Function Score 52.70 + 18.140 39.50 + 20.200 < .05

SF36–Physical
Function

37.70 + 22.970 25.24 + 21.34 < .05

Abbreviations: BMI, body mass index; D-CCI, Deyo-Charlson Comorbidity
Index; YG, younger control group.
Bold values signify (P < 0.05).
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49.8% yielding a D-CCI score of more than 1, as compared to

34.9% in the YG (Table 1).

Functional Outcomes Within Each Group

Both groups saw a significant improvement (P < .05) across all 4

function outcomes (OKS, KS, FS, and SF-PF) at 6 and 24 months

as compared to their preoperative scores. For the YG (Table 2,

Figure 1A): their functional outcomes at each follow-up

(baseline-6 months-24 months) were OKS (35.15-19.98-17.92,

P < .05), KS (38.10-83.06-86.21, P < .05), FS (52.70-69.43-

73.44, P < .05), and SF-PF (37.70-64.98-66.77, P < .05). For

the OG (Table 2, Figure 1B): their results were OKS (38.63-

22.85-20.84, P < .05), KS (36.77-83.33-84.44, P < .05), FS

(39.50-52.87-56.77, P < .05), and SF-PF (25.24-46.41-49.59, P

< .05). For both groups, the largest and most significant improve-

ment was observed during the first 6 months after surgery.

Improvement Observed Between Both Groups

Comparing the improvement between both groups (control:OG),

there were no statistical significance (P > .05) between

their mean difference from baseline to 6 months for OKS

(15.19:15.78, P ¼ .454), KS (44.96:46.56, P ¼ 0.433), and FS

(16.72:13.37, P ¼ .140). Between 6 and 24 months, their differ-

ence remained statistically insignificant for OKS (2.05:2.01,

P ¼ 0.850), FS (4.02:2.89, P ¼ .306), and SF-PF (1.79:3.18,

P ¼ .508). See Table 3 and Figure 2 for more information.

Effect of Comorbidities on Functional Recovery

In this study, we used linear regression method to adjust for the

effect of their baseline differences in comorbidities on func-

tional recovery. Taking into consideration their premorbid

Table 2. Functional Outcome Scores Across 6 and 2 Years.

Outcome Baseline 6 months
Improvement From Baseline
to 6 months (CI; P Value) 24 Months

Improvement From 6
to 24 Months (CI; P Value)

Improvement From Baseline
to 24 Months (CI; P Value)

Control group (YG)
OKS 35.15 19.98 15.18 (13.99-16.37; < .05) 17.92 2.05 (0.86 to 3.24; < .05) 17.23 (16.04-18.42; < .05)
FS 52.70 69.43 16.72 (13.38-20.07; < .05) 73.44 4.02 (0.67 to 7.37; < .05) 20.74 (17.40-24.09; < .05)
KS 38.10 83.06 44.96 (42.32-47.60; < .05) 86.21 3.14 (0.51 to 5.78; < .05) 48.11 (45.47-50.74; < .05)
SF-PF 37.70 64.98 27.27 (23.23-31.32; < .05) 66.77 1.79 (�2.25 to 5.84; .384) 29.07 (25.02-33.11; < .05)

Octogenarian Group (OG)
OKS 38.63 22.85 15.78 (14.35-17.21; < .05) 20.84 2.01 (0.59 to 3.44; < .05) 17.79 (16.37-19.22; < .05)
FS 39.50 52.87 13.37 (9.52-17.23; < .05) 55.77 2.89 (�0.96 to 6.75; .141) 16.27 (12.42-20.12; < .05)
KS 36.77 83.33 46.56 (43.73-49.40; < .05) 84.44 1.11 (�1.73 to 3.94; ¼ .444) 47.67 (44.84-50.50; < .05)
SF-PF 25.24 46.41 21.17 (16.63-25.72; < .05) 49.59 3.18 (�1.36 to 7.73; .170) 24.35 (19.81-28.90; < .05)

Abbreviations: FS, Function Score; KS, Knee Score; OKS, Oxford Knee Score; SF-PF, SF36-Physical Function; YG, younger control group.
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Figure 1. Functional Outcome Scores across 6 and 2 years
(A) YG (B) OG. OKS*: A lower score indicates better
outcome. OG indicates octogenarian; OKS, Oxford Knee Score.

Table 3. Comparison of Improvement Between YG and OG.

YG OG

Confidence Interval
P

Value
P Value

(CCI Adjusted)Lower Upper

Between baseline and 6 months
OKS 15.18 15.78 �0.977 2.183 .454 .532
FS 16.72 13.37 �0.314 7.013 .140 .089
KS 44.96 46.56 �5.617 2.411 .433 .293
SF-PF 27.27 21.17 1.775 10.426 .006 .004

Between 6 months and 2 years
OKS 2.05 2.01 �1.019 1.095 .850 .744
FS 4.02 2.89 �4.404 2.156 .306 .413
KS 3.14 1.11 �4.265 0.188 .019 .058
SF-PF 1.79 3.18 �2.834 5.609 .508 .548

Abbreviations: FS, Function Score; KS, Knee Score; OKS, Oxford Knee Score;
SF-PF, SF36-Physical Function; YG, younger control group.
Bold values signify (P < 0.05).
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D-CCI, we saw no difference in the results at each of the 2 time

frames for OKS, FS, and SF-PF.

Discussions

As the elderly population grows over the next decade, it is

necessary for us to study and compare their functional recovery

to that of a younger group (YG). As such, it is imperative that

we evaluate the effects of age and comorbidities on their clin-

ical outcomes, so as to provide better evidence in determining

if an elderly patient can benefit as much as their younger coun-

terparts. In our study, both groups showed a significant

improvement across all functional outcomes, with the most

substantial increase taking place during the first 6 months. At

6 and 24 months, the improvement and recovery from baseline

observed in an elderly was comparable to that of a younger

patient. Given their advanced age at the time of surgery and the

overall outlook of life expectancy worldwide,3,4 we can high-

light that an OG will still be able to reap the benefits of TKA.

Improvements in Knee Society Rating Scores

The Knee Society Clinical Rating System (KSS) is one of the

most popular and commonly used questionnaire in the measure-

ment of function recovery after TKA.16 It takes into consider-

ation both objective measurements such as motion and implant

alignments as well as subjective evaluation obtained from

patients’ response. We saw, in our study, a comparable increase

in KSS scores between both groups at each time frame, which

was consistent with the findings presented in the current litera-

ture.11,17,18 Although the MCID for KSS has not been well

established by the orthopedic community, recent studies have

suggested that an MCID of more than 6.1 to 6.4 for FS and 5.3 to

5.9 for KS should be interpreted as clinically significant.19 Most

studies have concurred that, within the OG, significant improve-

ment can be seen in KS,11,17,18,20 which was also observed in our

cohort. The improvement in FS seemed to be less consistent.

Some authors have attributed this to the difference in informa-

tion gathered and the likelihood of baseline comorbidities and

other age-related factors affecting FS more than KS, thus inhi-

biting its improvements.18,20 However, we showed in our study

that in the absence of adjudication for comorbidities, significant

improvement in FS was still seen at 6 and 24 months.

Improvements in OKS

Oxford Knee Score has been widely used as an evaluation tool

to assess the outcome of knee replacements since it was first

described.14,21 It is a self-administered quality of life question-

naire that has been well validated in various languages,22-25 and

it has also been evaluated for its suitability in the evaluation of

knee function before and after knee replacement surgery.26 The

MCID estimated for OKS has to be reported as an improvement

of at least 4 points14,27,28 in order for it to be considered clini-

cally relevant. In our study, both groups met the MCID at 6 and

24 months.

Comparison of Functional Outcomes Between
OG and YG

The comparison of the FS scores between both groups at

baseline, 6 months, and 24 months were statistically signifi-

cant: baseline (52.70:39.50, P < .05); 6 months (69.43:52.87,

P < .05); 24 months (73.44:56.77, P < .05). Similar observa-

tions were also seen for OKS and SF-PF. These differences

could be attributed to factors such as age, activity level, and
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Figure 2. Comparison between their improvements, calculated based on the difference in scores between each time frame. P* defined as P value
after CCI adjusted.
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other concomitant medical problems. As such, comparing their

scores at each discrete time point may not be the best method to

compare the functional outcomes between both groups and

their improvements. In this study, we calculated instead, their

absolute improvement at 6 and 24 months in order to minimize

the effect of their baseline functional difference. We found that

by measuring their improvement at each follow-up, there was

no difference in their FS between the 2 groups at 6 months

(16.72:13.37, P ¼ .140) and 24 months (4.02:2.89,

P ¼ .306). This shows that the potential to improve after TKA

among the OG were comparable to that of the YG at each of

those time period.

For OKS, there was again no statistical difference in their

improvement between the 2 groups at 6 months (15.19:15.78,

P ¼ .454) and 24 months (2.05:2.01, P ¼ .850). The result was

consistent with other studies that utilize mean improvement in

their functional outcome evaluation.10,29

Effects of D-CCI on Functional Outcomes

The D-CCI is a validated clinical evaluation tool,13 derived

from the original Charlson comorbidities index 30,31 that was

first published in 1987. It is a summative score, calculated

based on a weighted scale of 17 comorbidities. It has been

shown by various studies that increasing comorbidities may

lead to (1) worsening functional outcomes,32-34 (2) poorer

survival of implants,35 (3) increased complication rates,36

(4) higher likelihood of being transferred to a rehabilitation

facility,29,37,38 and (5) may require a more intensive physical

therapy regime.39 In addition, a higher D-CCI was also deter-

mined to be associated with a higher risk of poor functional

outcomes at 2 years after knee replacement.40 In our study, we

found that OG have more baseline comorbidities as compared

to their younger counterparts. In spite of this, the comparison

between their mean improvements in functional outcome

scores remained largely unchanged after being adjusted for

preoperative health.

Limitations

We recognize some limitations in our study. Firstly, we lost a

significant number of patients to follow up with. Out of the 342

OG who underwent TKA during the 5-year period, 285 patients

returned at 2-year review, out of which 209 OG with all

required functional scores were analyzed in this study. This

could be attributed to not only the higher possibility of antici-

pated death due to old age but also the difficulty in following up

with these patients due to compliance issues. Our overall lost to

follow-up rate of 16.7% was, however, comparable to many

other studies (14%-18%).18,41,42 Secondly, as this is a retro-

spective review on patients who have undergone TKA, OG who

were deemed unsuitable or not offered surgery for any reasons

were not captured in the database. Thirdly, in order to minimize

the effect of confounding factors, we carefully matched each

OG to a younger control subject based on as many confounding

factors as we can, except for age and comorbidities.

In addition, since TKA is still not the standard of care for

treating knee osteoarthritis among the OG, the preoperative

patient selection process would have already been biased

toward those who are healthier. Lastly, we did not take into

consideration other factors such as additional resources includ-

ing rehabilitation programs, socioeconomic influence, and

family involvement in the care of the OG, just to name a few.

Conclusion

Total knee arthroplasty offers excellent functional outcomes in

OG. The improvement across most measures over 6 and

24 months were comparable to that of their younger counter-

parts despite higher overall baseline comorbidities. Age and

higher D-CCI may not be limiting factors against recommend-

ing TKA to the OG. We believe that TKA is a viable treatment

option for advanced knee osteoarthritis in the OG.
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