
Introduction

As the general population ages, the number of patients with 
degenerative knees is also increasing. In addition, more patients 
of advanced age are expressing a desire for surgical treatment to 
improve their quality of life. Total knee arthroplasty (TKA) is one 

of the most popular surgical treatments for degenerative osteoar-
thritis of the knee. Many studies have described positive effects of 
TKA, such as functional improvement, pain relief, and reduced 
morbidity rate1). However, it has been also reported that TKA 
results in high 30-day postoperative mortality rates, complication 
rates, and morbidity rates in patients of advanced age2,3). More-
over, although some studies have shown that TKA may reduce 
pain and enhance functional ability for patients with advanced 
arthritis1,4), there are insufficient data on clinical outcomes of 
TKA for patients over 80 years of age. Postoperative complication 
rates of patients over 80 years of age vary among studies5), as do 
comparison results of postoperative clinical assessment scores 
between patients of advanced age and younger patients6). How-
ever, many of the previous reports have limitations such as small 
sample sizes and possible errors during compilation of data from 
different institutions5).

The purpose of our study was 1) to determine whether the 
improvement after TKA in octogenarians is comparable to that 
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in younger patients in terms of comprehensive subjective and 
functional outcomes and patient satisfaction and 2) to evaluate 
the difference in short-term postoperative complication rates 
between the two different age groups after TKA performed using 
extramedullary instruments at our institution.

Materials and Methods

We retrospectively investigated 826 patients who underwent 
primary TKA from January 2007 to January 2011 at our institu-
tion. All the patients were classified according to age into the 
octogenarian group (over 80 years of age) and the younger group 
(range, 65 to 70 years) and followed up for 1 year after surgery. 
Indications for TKA were severe knee pain and functional loss 
unresolved with non-operative treatment modalities, radio-
graphic evidence of advanced osteoarthritic changes (Kellgren-
Lawrence [K-L] grade 3 or 4)7), and a strong desire for functional 
enhancement and pain relief. Exclusion criteria were patients 
with complex knees: 1) less than 50 degrees of knee flexion (n=6); 
and 2) severe varus or valgus deformity (more than 20 degrees) 
combined with a bone defect requiring bone grafting (n=10). 
Among 826 patients, 11 patients in octogenarians and 42 patients 
in the younger group were excluded due to follow-up loss at post-
operative 1 year. Consequently, 757 patients were included in the 
study. The clinical information of patients who had not visited 
our hospital at the 1-year follow-up session (17 in octogenarians 
and 16 in the younger group) were collected by telephone, and 
thus the following information could not be acquired from these 
patients: range of motion (ROM) and radiographic findings.

The obtained data were reviewed for demographic characteris-
tics, the length of skin incision, total blood loss via drainage for 
48 postoperative hours, and duration of surgery (represented by 
the duration of tourniquet application, which was used for all sur-
gical procedures and deflated only after skin closure). All patients 
were assessed for comorbidities before the procedure. Significant 
preoperative morbidity was considered to be present if a patient 
had an additional medical condition other than hypertension and 
diabetes that was considered to increase the risk of perioperative 
complications. Postoperative short-term complications included 
adverse cardiac events, symptomatic pulmonary embolism, post-
operative confusion (delirium), cerebrovascular accidents, mor-
tality within 30 days of surgery, and postoperative deep surgical 
site infection that were registered by an independent investigator. 
An arbitrary follow-up period of 1 year was used to define deep 
surgical site infection as required by the Centers for Disease 
Control and Prevention criteria. This study was approved by the 

Institutional Review Board of the first author’s hospital.
All operations were performed by a single senior surgeon (Seo) 

using a posterior cruciate ligament-substituted implant through 
Insall’s anteromedial approach under tourniquet control8). An 
extramedullary alignment guide system was used for both the fe-
mur and tibia in all patients9) (Fig. 1). Femoral and tibial osteoto-
mies were carried out with an extramedullary alignment method: 
our institution’s extramedullary guider and femoro-tibial axis 
synchronizer (Linker system)10) were placed almost vertical to 
the mechanical axis to minimize errors9). All knee components 
were implanted with cement, and the patella was resurfaced with 
a polyethylene dome-shaped component. The same surgical 
technique and rehabilitation protocol were used in both groups. 
Quadriceps-strengthening exercises were started immediately 
after surgery as basic postoperative rehabilitation, and continu-
ous passive motion exercises were started on the first postopera-
tive day. Ambulation was allowed on the second postoperative 
day after drainage removal. Thereafter, active and passive joint 
exercises were allowed within a comfortable ROM. All patients 
received first-generation cephalosporin as antibiotic prophylaxis 
until the third postoperative day. Allogenic blood transfusion was 
performed if the hemoglobin (Hb) level fell below 7.0 mg/dL or 
if symptoms of anemia such as dyspnea or tachycardia persisted 
even after volume replacement in patients with the Hb level of 
7.0–8.0 mg/dL11-13). All patients were instructed to maintain a 
single daily dose (325 mg/d) of enteric-coated aspirin for 6 weeks 
beginning the day after discharge.

Clinical information was prospectively collected by one inde-
pendent investigator. Clinical assessments were performed at 
each follow-up visit. The ROM was assessed using a goniometer 

A B

Fig. 1. (A) Extramedullary alignment method using a mechanical axis 
marker, a sagittal marker, and two guide rods during surgery. (B) Proxi-
mal tibial alignment method using femoro-tibial axis synchronizer dur-
ing surgery.
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with the patient in supine position at 1 month preoperatively 
and 1 year postoperatively. For pre- and postoperative clinical 
evaluation, the Knee Society knee and function score (KSKS and 
KSFS)14) system was used. Patient satisfaction was assessed by a 
questionnaire using a quantification tool and graded on a scale 
of 0 to 10 (0, very dissatisfied; 10, very satisfied). We compared 
preoperative and 1-year postoperative scores, and investigated 
preoperative underlying diseases and postoperative complica-
tions that developed during hospital stay. Clinical information 
was collected by telephone in 17 patients in octogenarians and 16 
patients in the younger group who had not visited our hospital at 
1-year follow-up. Surgical complications were assessed by outpa-
tient follow-up at 1-year after surgery. Radiographic evaluations 
were performed by an independent investigator at each follow-up 
visit which was scheduled at 2 months after surgery, 1 year after 
surgery, and annually thereafter. Full-length (hip-to-ankle) dou-
ble-leg weight-bearing anteroposterior (AP) radiographs were 
used to measure coronal limb alignment and coronal alignment 
of the femoral and tibial components before and after surgery15). 
Coronal limb alignment was defined as the angle between the 
mechanical axes of the femur and the tibia. Coronal alignment of 
the femoral component was defined as the medial angle between 
a line drawn parallel to the femoral component condyles and the 
anatomical axis of the femur, and coronal alignment of the tibial 
component was defined as the medial angle between a line drawn 
parallel to the tibial component on the AP radiograph and the 
anatomical axis of the tibia.

With the patient standing, AP, lateral, and Merchant’s view 
radiographs were obtained at every follow-up, and mechanical 
femoro-tibial alignment (MFTA) was measured on full-length 
standing AP radiographs using a picture archiving and com-
munication system (GE Healthcare, Milwaukee, WI, USA). All 
radiographs were obtained with standard positioning (directing 
the patella anteriorly and with a focal film distance of 100 cm).

1. Statistical Analysis
The ROM and clinical outcomes (KSKS, KSFS, and patient 

satisfaction) are described as means and standard deviations. Dif-
ferences were compared between the two groups using Student’s 
t-test. Demographic data including the incidence of significant 
preoperative morbidities were compared between the groups 
by Pearson’s chi-square analysis. The association of candidate 
influential variables and age group was investigated with respect 
to the binary outcome defined as the incidence of postoperative 
morbidities. The candidate influential variables included were de-
mographic factors (sex, body mass index [BMI], and significant 

medical comorbidity) and clinical conditions (operation time 
and postoperative bleeding). The significance of associations 
was determined using logistic regression analysis in univariable 
and multivariable analyses. The statistical analysis in this study 
had >80% power to detect a 10-point difference in postoperative 
clinical outcomes between the groups (accepting <5% probability 
of a type I error). The threshold for significance was <0.05. Sta-
tistical analysis was performed using SAS ver. 9.13 (SAS Institute 
Inc., Cary, NC, USA).

Results

There were no significant inter-group differences in patient 
demographics including sex, K-L grade, average BMI, and preva-
lence of significant preoperative comorbidities (Table 1). The 
younger group consisted of 55 males and 561 females and the oc-
togenarian group contained 13 males and 128 females. The mean 
age of patients was 67.6 years in the younger group and 81.9 
years in the octogenarian group (standard deviation: 1.8 and 2.1, 
respectively). Regarding the K-L classification, 38 patients (6.2%) 
in the younger group and 9 patients (6.4%) in the octogenarian 
group had grade 3 osteoarthritis. The average BMI was 26.5 in 
the younger and 27.2 in the octogenarian group. In the octoge-
narian group, 18 patients (12.7%) had significant preoperative 
morbidities, including pre-existing cerebrovascular accidents, ar-
rhythmia, and adverse cardiopulmonary history, compared with 
67 patients (10.9%) in the younger group. Coronal limb align-
ment and the position of the femoral and tibial components in 
the coronal plane on postoperative radiographs did not show sig-
nificant differences between the groups. The average MFTA was 

Table 1. Comparison of Demographic Data between the Older and 
Younger Groups

Variable
Octogenarians

(n=141)
Younger patientsa)

(n=616)
p-value

Age (yr) 81.9±2.1 67.7±1.8 <0.001

Sex ratio (F:M) 9.8:1 9.1:1 NS

BMI (kg/m2) 27.2±3.3 26.5±3.2 NS

K-L classification 
   (III/IV)

9/132 38/578 NS

Preoperative significant 
comorbidity (%)

12.7 10.9 NS

Values are presented as mean±standard deviation.
NS: not significant, BMI: body mass index, K-L classification: Kellegren-
Lawrence classifications.
a)Between 65 and 70 years of age.
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varus 1.2o (standard deviation, 1.5o) in the octogenarian group 
and varus 1.5o (standard deviation, 2.2o) in the younger group. 
Femoral component coronal angle was 88.8o (standard deviation, 
2.0o) in the octogenarian group and 88.4o (standard deviation, 
2.4o) in the younger group. Tibial component coronal angle was 
90.3o (standard deviation, 1.4o) in the octogenarian group and 
90.2o (standard deviation, 1.5o) in the younger group. The average 
skin incision length was 10.5 cm in the octogenarian group and 
10.9cm in the younger group showing no significant inter-group 
difference.

The mean postoperative KSKS was improved relative to the 
preoperative values in both groups (from 63.6 to 83.2 in octoge-
narians and from 68.3 to 89.0 in the younger group). However 
the octogenarian group showed no improvement in KSFS after 

TKA in contrast to the younger group (from 61.0 to 61.9 in octo-
genarians and from 62.3 to 73.6 in the younger group). Nonethe-
less, both groups showed high scores for patient satisfaction (8 
in octogenarians and 8.3 in the younger group) and comparison 
between the age groups did not yield any statistically significant 
differences in the satisfaction scores (p=0.411) (Table 2, Fig. 2).

There was no significant inter-group difference in the incidence 
of postoperative systemic complications (2.8% in the octogenar-
ian group vs. 1.1% in the younger group; p=0.400), and surgical 
complications (2.1% in the octogenarian group vs. 0.5% in the 
younger group; p=0.229) (Table 3). In multivariate regression 
analysis, none of the postoperative complications was associ-

Table 2. Clinical Assessment by the Knee Society Score

Variable Octogenarians Younger patientsa) p-value

Knee Society knee score

   No. of patients 124 600

   Preoperative 63.6±15.7 68.3±21.3 0.106

   Postoperative 83.2±18.5 89.0±14.2 0.118

Knee Society function 
  score

   No. of patients 141 616

   Preoperative 61.0±11.2 62.3±9.3 0.573

   Postoperative 61.9±25.2 73.6±19.2 <0.001

Satisfaction rate (%) 8.0±2.1 8.3±2.0 0.411

Values are presented as mean±standard deviation. 
a)Between 65 and 70 years of age. 

Table 3. Postoperative Complications in the Two Groups

Complication
Octogenarians

(n=141)
Younger patientsa)

(n=616)
p-value

Systemic complications (%) 4/141 (2.8) 7/616 (1.1) 0.400

   Adverse cardiac event 1 3

   Cerebrovascular accident 1 2

   Delirium 2 2

   Pulmonary embolism 0 0

   30-day mortality 0 0

Surgical complications (%) 3/124 (2.4) 3/600 (0.5) 0.207

   Patellar fracture, osteo-
necrosis

2 1

   Periprosthetic infection 1 2

Minor complications including urinary retention and nausea were 
excluded.
a)Between 65 and 70 years of age.

Fig. 2. Comparison of clinical outcomes between two age groups (A) Knee Society Knee Score (KSKS). (B) Knee Society Function Score (KSFS). (C) 
Satisfaction rate.
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ated with any of the variables tested including age group, sex, 
duration of operation, total blood drainage volume, and sig-
nificant preoperative comorbidity. The mean surgery time was 
62.8±1.3 minutes for the octogenarian group and 60.7±1.1 for the 
younger group, and the difference was not statistically significant 
(p=0.226). The mean postoperative total blood drainage volume 
was significantly greater in the octogenarian group than in the 
younger group (927.6±51.9 mL vs. 772.5±34.3 mL; p<0.001).

Discussion

As the number of elderly people increases in the general 
population, we think it is necessary to confirm the effective-
ness and safety of commonly performed procedures in patients 
of advanced age. Therefore, we compared the enhancement in 
knee scores and morbidity after TKA performed in our hospital 
between two groups divided with respect to age. Lately, many 
reports on palliative TKA in older patients have been published; 
however, these reports have various problems such as small 
sample sizes16,17), absence of control group18-20), and uncertainty 
related to data collection from different institutions5). We based 
our study on large samples of patients who underwent TKA per-
formed by a single high-volume surgeon at one institution.

In terms of the mean KSKS, postoperative enhancement was 
achieved regardless of age. However, in terms of KSFS, patients 
over 80 years old showed a significantly lower level of functional 
improvement. We attributed this to the different subscales used 
by the knee joint score and functional score: the knee joint score 
is based on pain, motion angle, stability, and dynamic alignment, 
whereas the functional score is based on walking distance, stair-
climbing, and the use of walking assistance devices. Aged patients 
may have accompanying spine problems and physical diseases 
other than the knee disease and other age-related factors might 
affect the functional score5). These results are consistent with 
those of other studies involving elderly patients20). However, even 
though the octogenarian group showed a lower KSFS, patients in 
both groups were very satisfied, with no significant difference in 
patient satisfaction level between the groups.

The Knee Society score (KSS), the most commonly used scor-
ing system for patient evaluation after TKA, is composed of knee 
score and function score13) and is based on 75% subjective and 
25% objective assessments. The KSS alone does not seem to be 
appropriate for assessment after TKA21). Only a low to moder-
ate association has been observed between self-reported and 
performance-based tools, and other forms of assessments are 
needed for thorough evaluation of patient outcome22). Therefore, 
we assessed patient satisfaction as an alternative outcome mea-

sure because there is a well-documented discrepancy between 
clinician-based and patient-based ratings of health status23,24). 
This study emphasizes that the effectiveness of TKA in advanced-
age patients has to be evaluated in various aspects.

For safety, we performed all TKA procedures with extramedul-
lary instruments because this approach has several advantages 
over the intramedullary system. First, the use of extramedullary 
instruments in TKA reduces the substantial amount of blood 
loss caused by femoral canal reaming (range, 145 to 396 mL)25,26) 

and second, it reduces embolic load by avoiding invasion of the 
femoral intramedullary canal during TKA27). Many researchers 
have reported that the intramedullary alignment method can 
lead to fat embolism, increased blood loss, postoperative hy-
poxia, and surgery-related fractures because it invades the femur 
medullary canal, and Stern et al. reported that the intramedul-
lary guider causes important hematological and hemodynamic 
changes26,28,29). Extramedullary reference techniques can reduce 
such risks by avoiding medullary invasion. We did not directly 
compare intramedullary and extramedullary procedures in this 
study. And the main systemic complication occurrence rates in 
our study (2.8% for the octogenarian group and 1.1% for the 
younger age group) were not lower than those in a previous 
investigation30) using wide American database, National Surgi-
cal Quality Improvement Program (the occurrence rate of fatal 
systemic complications including progressive renal insufficiency, 
pulmonary embolism, myocardial infarction, septic shock, 30-
day mortality, stroke, cardiac arrest, and coma of longer than 24 
hours were reported as 1.22%). Therefore, we acknowledge that 
this study has limitations that prevent us from drawing definite 
conclusions regarding the superiority of this technique over the 
intramedullary method. Nevertheless, no significant difference 
was observed between the two separate age groups after TKA 
using the same extramedullary guide system. We assume that, 
although the causes of development of complications are multi-
factorial, use of the extramedullary method to avoid invasion of 
the femoral and tibial medullary canal and reduce postoperative 
blood loss might have contributed to such results.

Our study has some inherent limitations because of its retro-
spective design. In addition, we lost several octogenarian patients 
(7.8%) to follow-up, which might be related to higher anticipated 
death rates in the elderly or low compliance with follow-ups.

Conclusions

TKA provided favorable clinical outcomes with a comparatively 
low postoperative complication rate in octogenarians in spite of 
the lower level of functional improvement than in younger pa-
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tients. Our findings may be useful in TKA for patients aged over 
80 years in selection of surgical techniques and patient counsel-
ing.
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