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Introduction

The prevalence of osteoarthritis (OA) patients has 
continued to increase in recent years. It has been reported 
that more than 30% of individuals over 70 years of age have 
OA1. As the prevalence increases, the number of patients 
who are subject to Total Knee Arthroplasty (TKA) is expected 
to continue increasing2. TKA for severe OA is considered as 
a useful treatment, especially for elderly patients3. On the 
other hand, it has also been reported that there are a certain 
number of cases with low satisfaction after TKA4, suggesting 
that up to 20% of patients are not satisfied5. In a systematic 
review evaluating the quality of life (QOL) after TKA, the pain 
and the function were the most important predictors6. 

We examined the results of TKA using patient-based 
assessment before and after TKA. Specifically, we obtained 
Knee injury and Osteoarthritis Outcome Score (KOOS)7, a 
patient-based assessment, and assessed patient outcomes. 
The purpose of this study was to examine the transition of 

patient outcomes with TKA by patient-based assessment 
including pain and QOL. In this study, we investigated the 
successive changes in KOOS before and after TKA as the 
primary outcome, and as the secondary outcome, we 
examined the correlation between the objective assessments 
and KOOS.

Abstract

Objectives:The purpose of this study was to evaluate outcomes after TKA using Knee injury and Osteoarthritis 
Outcome Score (KOOS). Methods: We retrospectively reviewed 60 knees. KOOS was conducted before surgery, 
3 weeks, 3 months, 6 months, and 1 year after surgery. Each score was evaluated and compared using a multiple 
comparison test. Besides, we evaluated the correlation between KOOS and the patient’s objective factors. Results: 
Regarding the total score, the value was improved at any point of post-operation (p<0.001). Especially, pain score 
and quality of life score were improved between 6 months and 1 year after surgery (pain score: p=0.04, quality of 
life score: p=0.007). The correlation between patient’s factors and KOOS, concerning age, showed that there was 
a positive correlation with preoperative symptom/stiffness score (p=0.004) and the pain score (p=0.04). Also, the 
preoperative knee extension range was correlated with symptom/stiffness score and sports/recreation score at 3 
weeks after surgery (p=0.03), and quality of life score at 6 months (p=0.04). The preoperative knee flexion range 
showed a significant correlation with the sports/recreation score at 1 year after surgery (p=0.006). Conclusions: 
In conclusion, it is necessary to follow the progress of 1 year or more even for cases with a seemingly poor outcome 
at 6 months after surgery.
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Materials and Methods

This study was approved by the hospital ethics board 
and performed according to the ethical standards of the 
Declaration of Helsinki. We retrospectively reviewed 68 
consecutive knees that underwent TKA for OA between 
February 2017 and May 2019. A total of 60 knees were 
eligible for this study, excluding 8 knees that had some 
insufficient statements of KOOS. The classification of OA in 
Kellgren-Lawrence (KL) grade8 was one knee for grade 2, 40 
knees for grade 3, and 19 knees for grade 4. The patients’ 
mean age on the day of the surgery was 74±7.4 years old, 
the breakdown by gender was 15 knees: 15 males, 45 
knees: 42 females, and the mean body mass index (BMI) was 
26.1±3.7kg/m2.

All TKA was performed with the same procedure by an 
experienced orthopedic surgeon. All cases were performed 
by the mid-vastus approach with the cementing technique. 
Postoperative rehabilitation was performed in the same way 
and the same period in all cases. From the day after surgery, 
full-weight-bearing walking training, range of motion 
(ROM) exercise, and quadriceps exercise were conducted 
for 2 hours a day. The patients were discharged after they 
acquired free-hand walking without some problems. The 
average hospitalization period was 26 days. After discharge, 

weekly visiting rehabilitation was continued up to 3 months 
after surgery.

As the primary outcome, KOOS was conducted on the 
day before surgery, 3 weeks, 3 months, 6 months, and 1 
year after surgery. The total score, symptom/stiffness, pain, 
activities of daily living (ADL), sports/recreation, and QOL 
were scored, and successive changes in KOOS before and 
after surgery were compared. As the secondary outcome, 
a single surgeon assessed the age and BMI on the day of 
surgery, preoperative femorotibial angle (FTA) by the long-
leg standing X-ray, and the knee flexion/extension angle 
before and after surgery. Then examined the correlation 
between those patient’s factors and KOOS. 

R version 3.02 was used for statistical analysis (R 
Foundation for Statistical Computing, Vienna, Austria), and 
a p-value <0.05 was used as the criterion for a significant 
difference. The one-way analysis of variance (ANOVA) test 
was used to verify significant differences in each score, and 
the Tukey test was used to perform multiple comparisons. 
Pearson’s Correlation Coefficient was used to detect the 
correlation between the patient’s objective factors and 
KOOS, to compare and verify with each preoperative and 
postoperative factor. The t-test was used to evaluate the 
differences in ROM before and after surgery. 

Figure 1. Changes in KOOS symptoms/stiffness score. Significantly improved after surgery compared to pre-operation (p<.001). Significant 
differences were recognized between 3 weeks and 6 months, 3 weeks and 1 year, 3 months and 1 year (p<.01).
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Results

All patients acquired stable gait, and there were no 
cases of long-term hospitalization for more than one 
month. Also, there were not any re-operation cases due 
to infection, trauma, loosening, or other reasons. The 
average preoperative FTA was 183.0±5.8 degrees. The 
preoperative knee flexion angle was 101.3±12.9 degrees, 
which was 117.0±10.6 degrees at 1 year after surgery 
(p<.001). Similarly, the preoperative knee extension angle 
was -9.7±7.1 degrees, which -2.6±4.4 degrees at 1 year 
after surgery (p<.001).

Figure 1-6 showed changes in KOOS before surgery, 
3 weeks, 3 months, 6 months, and 1 year after surgery. 
Compared to pre-operation, the values of each score tended 
to improve in time series. The one-way ANOVA test resulted 
showed a significant difference in all items. In the multiple 
comparison tests by the Tukey test, the results were different 
for each item when comparing the values at each period. In 
the symptom/stiffness and the pain section of Figures 1 
and 2, compared to pre-operation, it was shown that the 
numerical values were significantly improved at any point 

in time after surgery (p<.001). Significant differences were 
recognized between 3 weeks and 6 months, 3 weeks and 1 
year, and 3 months and 1 year in the comparisons at each 
postoperative time point (p<.01). There were no significant 
differences in a short period between 3 weeks and 3 months, 
and 3 months and 6 months. Concerning the pain score, the 
score was significantly improved between 6 months and 1 
year (p=.04). Regarding the ADL score, it serially improved 
after surgery (p<.001). In comparison to each time point 
after surgery, significant differences were recognized only 
between 3 weeks and 1 year (p<.001) and 3 months and 
1 year (p=.02) (Figure 3). Regarding the sports/recreation 
score, significant differences were not recognized between 
pre-operation and 3 weeks. The scores were significantly 
improved at 3 months, 6 months, and 1 year after surgery 
in comparison with pre-operation (p<.001) (Figure 4). Apart 
from that, improvements were shown between 3 weeks and 
6 months (p=.02), 3 weeks and 1 year (p<.001). As for 
the QOL score, compared to pre-operation, it was serially 
improved time after surgery (p<.01) (Figure 5). There was 
significant improvement between 3 weeks and 6 months 
(p=.02), 3 weeks and 1 year, and 3 months and 1 year 

Figure 2. Changes in KOOS pain score. Compared to pre-operation, the numerical value significantly improved after surgery (p<.001). Significant 
differences were recognized between 3 weeks and 6 months, 3 weeks and 1 year, 3 months and 1 year (p<.001). Furthermore, the pain score 
improved between 6 months and 1 year (p=.04).
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(p<.001). Especially, the QOL score showed a significant 
difference between 6 months and 1 year (p=.007). 
Regarding the total score, the value improved at any point 
of post-operation (p<.001) (Figure 6). There were significant 
differences between 3 weeks and 6 months (p=.004), 3 
weeks and 1 year, and 3 months and 1 year (p<.001).

Next, regarding the results of the correlation between 
patient factors and KOOS at each postoperative period. We 
examined KOOS item-wise, in the correlations with age, BMI, 
preoperative FTA, and preoperative and postoperative knee 
flexion/extension angle. Concerning age, there was a positive 
correlation with preoperative KOOS symptom/stiffness 
score (p=.004), and similarly with pain score (p=.04). The 
other items showed some correlations with a preoperative 
extension range of motion. The better the preoperative 
extension range of motion, the significantly higher the 
symptom/stiffness score and the sports/recreation score 
at 3 weeks after surgery (p=.03). Similarly, there was also 
shown an increase of the QOL score at 6 months (p=.04). 
Apart from that, preoperative knee flexion showed a 
significant correlation with sports/recreation score at 1 year 
after surgery (p=.006). There was no correlation between 
the postoperative knee flexion/extension angle at 1 year 

after surgery and KOOS. Besides, preoperative FTA showed 
a positive correlation with the symptom/stiffness score at 3 
weeks (p=.05). 

Discussion

TKA is well-established surgery, and excellent results 
have been reported for both the short-term and long-term. 
In this study as well, compared before surgery, the numerical 
value of the total score of KOOS improved at any point of 
time after surgery. Also, KOOS at 1 year after surgery was a 
significant improvement compared to the scores at 3 weeks 
after surgery for all items. It was reported that the patients-
based assessment results after TKA, using Western Ontario 
and McMaster Universities Osteoarthritis Index (WOMAC)9, 
visual analog scale (VAS) for pain, and Short Form (SF)-3610, 
compared to pre-operation, all results have been improved 
at 6 months after surgery11. Furthermore, in the short-term 
results, Kilic et al12 evaluated post-TKA outcomes using SF-
36 and the Knee Society Clinical Rating System (KSCRS), 
the results were improved by 6 weeks after surgery. Also, 
according to our results, the score of KOOS was significantly 
improved by 3 weeks after surgery compared to the 

Figure 3. Changes in KOOS ADL score. Compared to pre-operation, the numerical value significantly improved after surgery (p<.001). Significant 
differences were recognized between 3 weeks and 1 year (p<.001), and 3 months and 1 year (p=.02).
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preoperative score. On the other hand, KOOS pain and QOL 
scores were significantly improved between 6 months and 1 
year. Regarding the ADL score, the numerical value improved 
significantly between 3 weeks and 1 year. In other words, 
as can be seen from Figure 3, the ADL score was the sharp 
increase by 3 weeks after surgery, and only a moderate 
improvement is recognized until 6 months thereafter, and 
further improvement is recognized by 1 year after surgery. 
When assessing individual outcomes, we would like to 
emphasize that 1 year is necessary to assess the progress 
of the patient’s outcomes. Canfield et al13 recently reported 
patient satisfaction after total joint replacement surgery. 
They prospectively assessed 866 total cases and evaluated 
the satisfaction using several patient-based assessments 
such as WOMAC, SF-12, KSCRS, the Oxford Hip Score (OHS), 
and UCLA activity level rating. The scores after TKA were 
significantly improved at 6 months after surgery. There was 
a slight improvement at 6-12 months and no improvement 
at 12-24 months. Besides, another report suggested that 
the patient-based assessment after total joint replacement 
surgery is not useful for assessing patient satisfaction14. 
Specifically, they assessed the correlation between patient-
based assessment and patient satisfaction. As a result, only 
a weak or moderate correlation was recognized. WOMAC 
pain score and KSCRS pain score were highly correlated with 
satisfaction among their results (p<.001). They concluded 

that the patient-based assessment is not sufficient to assess 
patient satisfaction after total joint replacement surgery 
and that a pain-focus assessment using a more concise 
assessment is needed. If pain is highly correlated with patient 
satisfaction, the pain can be conceived as one of the causes 
of dissatisfaction after TKA. When focusing on the pain, the 
point of difference between previous studies and our study is 
that 6 months is not enough to assess that. According to our 
results, the pain score was significantly improved between 3 
weeks and 6 months, but there was not significant between 
3 months and 6 months. The score changed only 4.6 points 
from 3 months to 6 months. On the other hand, the score 
was improved by 14.3 points from 3 weeks to 6 months, 
and 10.5 points from 6 months to 1 year. When referred to 
the pain score, our results show significant changes between 
6 months and 1 year, which is not a moderate improvement. 
The pain score was 80 points or less up to 6 months while it 
showed an almost good value of 88.9 points in 1 year after 
surgery. Furthermore, we would like to emphasize KOOS QOL 
score showed significant improvement from 6 months to 1 
year. Particularly for the QOL score, the preoperative mean 
value was 32.1 points, which was significantly improved to 
45.5 points at 3 weeks after surgery, but it was less than 
50 points. After that, it moderately improved to 57.8 points 
by 6 months, and there was a significant difference between 
3 weeks and 6 months, but the score was still less than 60 

Figure 4. Changes in KOOS sports/recreation score. Compared to pre-operation, the numerical value significantly improved after surgery (3 
weeks, 6 months and 1 year) (p<.001). Significant differences were recognized between 3 weeks and 6 months (p=.02), and 3 weeks and 1 year 
(p<.001). 
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points, and only 12.3 points improved from 3 weeks to 6 
months. The value was improved to 72.5 points at 1 year 
after surgery, improving 14.7 points from 6 months to 1 
year. Although it does not reach 80 points, this result shows 
that it needs 1 year to improve QOL to 70 points or more. 

Sasaki et al. reported comparing KOOS and the other 
conventional objective assessments. They concluded that 
patient-based assessments such as KOOS can capture slight 
changes in the pain and the QOL. Also, they referred to KOOS 
pain score consist of 9 questions with 5 options, which is 
useful for detailed pain assessment15. WOMAC is used as a 
patient-based assessment in many studies, that consists of 
symptom/stiffness, pain, function/daily living, and the pain 
scale includes 10 questions with 5 options. The QOL score 
and sports/recreation score are one of the characteristics of 
KOOS. The sports/recreation score consists of characteristic 
questions such as squatting, running, jumping, twisting/
pivoting, and kneeling. KOOS is used not only in the 
assessment after TKA but also in the assessment for 
younger people such as assessment after reconstruction of 
the anterior cruciate ligament16. Based on our results, the 
sports/recreation score was improved after surgery, even in 
the average 74 years-old groups. Although it was still low 

with 52.6 points at 1 year after the surgery, it improved 
more than twice as better as the pre-operative scores, and 
sufficient improvement can be expected regardless of the 
patient’s age. KOOS consists of detailed questions such as 
the ADL and the pain and simple and short questions such 
as the sports/recreation and the QOL. Regarding the QOL, it 
consists of only 4 questions, it possibly useful to reflect the 
patient’s satisfaction. 

Next, regarding the correlation between KOOS and several 
patient factors, as a result, correlations in some items were 
found sporadically. The older age scores that the symptom/
stiffness score and the pain score at the preoperative time 
showed better results. However, this result might be the 
effect of being selection biased that the TKA for the younger 
generation is only performed for patients with strong 
symptoms or unbearable physical pain. Another thing that 
can be predicted from the results is how the flexion/extension 
motions affect the outcomes of TKA. Concerning the 
extension, there is a correlation with the early postoperative 
symptom/stiffness score and the sports/recreation 
score. Therefore, there is a considerable possibility that 
the extension contractures affect the early postoperative 
period. On the other hand, the flexion angle showed a clear 

Figure 5. Changes in KOOS QOL score. Compared to pre-operation, the numerical value significantly improved after surgery (p<.01). Significant 
differences were recognized between 3 weeks and 6 months (p=.02), 3 weeks and 1 year, 3 months and 1 year (p<.001). As with the pain score, 
there was a significant improvement between 6 months and 1 year (p=.007). 
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positive correlation with the sports/recreation score 1 year 
after surgery. As we mentioned, that the sports/recreation 
score of KOOS should be assessed without exception 
even if the elderly patients. All of the squatting, running, 
jumping, twisting/pivoting, and kneeling are involved in the 
flexion motion of the knee. In another study assessed the 
correlation between WOMAC and objective quantitative 
measurements of walking activities. The correlations were 
recognized with only WOMAC function, stiffness, and pain 
score. Therefore, the objective assessment was insufficient 
to predict abnormalities in WOMAC because that is affected 
by other factors17. Whereas, Park et al18 investigating 333 
knees about the correlation between the maximum flexion 
angle in 1 year after TKA and the American Knee Society 
score, WOMAC, and SF-36. The social function score of SF-
36 showed a significant correlation with the postoperative 
maximum flexion angle. According to their results, the 
WOMAC functional score was excellent, especially in the 
case of a good flexion angle of 135 degrees. Furthermore, 
pain, function, and QOL show a weak correlation with the 
maximum flexion angle. They suggested that it is necessary 
to sufficiently improve the maximum flexion angle after TKA. 
Although it is not possible to simply compare, similarly, 
there was a high correlation between the flexion angle in 

1 year after surgery, which might help predict the sports/
recreation score of KOOS.

There are some limitations to our study. This study 
is retrospective, the number of cases is relatively small, 
and there is no control group. Besides, we are performing 
patient-based assessments using KOOS, and do not use 
WOMAC or SF-36 as in previous reports. Therefore, it 
should be mentioned that this study is not enough to 
show the usefulness of KOOS. Also, KOOS does not have 
a score on patient satisfaction. In the future study, to 
show the usefulness of KOOS, studies with an increased 
number of cases will be necessary, and consideration and 
comparison with other patient-based assessments will also 
be considered. Furthermore, patient satisfaction must be 
measured independently.

Conclusions

The patient outcomes after TKA were evaluated using 
KOOS. Notably, the pain and QOL scores were significantly 
improved 6 months to 1 year after surgery. In correlation 
to the objective assessments, especially there was a 
significant correlation between flexion angle and sports/
recreation score 1 year after surgery. Even in elderly people, 

Figure 6. Changes in KOOS total score. Compared to pre-operation, the numerical value significantly improved after surgery (p<.001). Significant 
differences were recognized between 3 weeks and 6 months (p=.004), 3 weeks and 1 year, 3 months and 1 year (p<.001).
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improvement in sports/recreation was recognized 1 year 
after surgery, suggesting that KOOS is useful regardless of 
age. It is necessary to follow the progress of 1 year or more 
even for cases with poor outcome at 6 months.
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