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Introduction

　Knee osteoarthritis (OA) is the most common artic-
ular disease that limits the activity of older adults, and 
an increase in the number of patients with knee OA is 
expected in developed countries [1].  Previous studies 
have reported that knee OA is a risk factor for falls 
and results in limitations of functional ability and de-
cline in quality of life (QOL) [2, 3], and is a degenera-

tive disease with symptoms that worsen over time [4].  
Conservative therapy of knee OA is the first choice for 
treatment, but patients with worse symptoms are rec-
ommended to undergo surgery.  Hence, it is important 
to interpret the limitations of activities of daily living 
(ADL) and the decline in QOL in patients with knee 
OA adequately, as well as to provide treatment accord-
ing to the disease state of the individual.
　Total knee arthroplasty (TKA) is the most com-
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monly performed surgery for knee OA, as it is an ef-
fective treatment [5].  Previous studies have reported 
that TKA for knee OA is usually performed in cases 
of severe OA with joint destruction and contracture, 
and over 60 years of age [6, 7].  There is no standard 
for determining the appropriateness of TKA, however, 
because there are few useful indicators available for 
judging the limitations of conservative therapy.  Dis-
ease-based stratified information also contributes to 
a better understanding of the patients’ condition.  For 
these reasons, we think it is necessary to clarify the 
degree of preoperative activity limitation and preop-
erative decline in QOL in patients who are scheduled 
to undergo TKA.
　To accurately identify the disease state of patients 
with a wide variety of clinical features, we need to 
clarify the values that could generalize the degree of 
limitation in ADL and decline in QOL in patients with 
knee OA.  The representative index for evaluating 
ADL is the Functional Independence Measure (FIM), 
which is widely used internationally, including in Ja-
pan [8, 9].  It is important to examine the reactivity 
of the evaluation scales as well as ceiling and floor 
effects in the targeted disease in order to appropriately 
understand the activity limitation of individuals.  In 
our previous study we investigated the total scores of 
preoperative FIM in patients with knee OA who were 
scheduled to undergo TKA through minimally inva-
sive surgery and found that the mean total scores of 
preoperative FIM was 120.8 ± 4.4 points, which was a 
ceiling effect, indicating that the use of FIM to prop-
erly evaluate activity disorders in patients with knee 
OA is limited [10].
　The FIM includes basic activities in daily life such 
as eating, bathing, dressing, toileting, transfer, walk-
ing, and climbing stairs, while the modified version 
of Self-Rating Frenchay Activities Index (SR-FAI) 
assesses instrumental activities in daily life such as 
preparing main meals, washing up, washing clothes, 
housework, local shopping, and travel outings [11].  
Considering the ceiling effect of FIM in patients 
with knee OA, we should determine the degree of 
activity limitation using the modified version of SR-
FAI, which has a broader use than FIM.  Moreover, 
given that the Japanese Knee Osteoarthritis Measure 
(JKOM) is widely used in Japan as a QOL scale in pa-

tients with knee OA [12, 13], we should use the JKOM 
to identify the degree of decline in QOL in Japanese 
patients with knee OA.
　The purpose of this study was to examine factors 
associated with activity limitation and decline in qual-
ity of life in patients with knee OA who are scheduled 
to undergo TKA, and to determine the standard values 
which would be useful for understanding the disease 
state.

Methods

Study design
　This study had a cross-sectional design.  All the par-
ticipants were informed of the purpose of this study 
and provided written informed consent.  This study 
was approved by the Research Ethics Committee of 
Tokoha University (approval no. R-2018-504H).

Setting
　Participant recruitment and data collection were 
performed between July 2013 and December 2018 at 
15 general hospitals through a general recruitment.

Participants
　The inclusion criteria were as follows: (1) patients 
who were scheduled to undergo TKA, (2) aged be-
tween 60 and 89 years, and (3) had a diagnosis of 
OA with Kellgren-Lawrence (K-L) grade III or IV of 
the surgical side.  The exclusion criteria were as fol-
lows: (1) patients who had significant functional joint 
disorders other than the knee OA, (2) patients with 
neurological impairment such as motor paralysis, (3) 
patients with dementia, and (4) patients with mental 
disorders such as depression.

Variables
　This study assessed the following individual factors: 
sex, age, body mass index (BMI), K-L grade, affected 
side, surgical history, and knee joint pain.  We also mea-
sured FIM as the ADL scale, the modified version of 
SR-FAI as the instrumental activities of daily living 
(IADL) scale, and JKOM as the QOL scale.  Affected 
side was whether the patient was diagnosed with uni-
lateral knee OA or bilateral knee OA, and the patients 
with a history of contralateral TKA were classified as 
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bilateral knee OA.  History of surgery was examined 
prior to history of contralateral TKA.  Knee joint pain 
was evaluated using a numerical rating scale (NRS) that 
ranged from 0 (no pain) to 10 (worst possible pain) [14].
　The FIM is an ADL scale that includes self-care, 
sphincter control, transfers, locomotion, communica-
tion, and social cognition [15].  It is a commonly used 
ADL scale that consists of 18 items, and its reliability 
has been shown in a previous study.  The FIM score 
evaluates each item according to seven levels (1 to 7 
points), with the total score ranging from 18 points to 
126 points.  A higher FIM score indicates better ADL.
　The modified version of SR-FAI is an IADL scale 
that includes housework, local shopping, walking out-
side, travel outings, actively pursuing a hobby, and 
gainful work [16, 17].  It is an IADL scale that consists 
of 15 items, and its reliability and validity have been 
shown in a previous study.  The modified version of 
SR-FAI score evaluates each item according to four 
levels (0 to 3 points), with the total score ranging from 
0 points (inactive) to 45 points (highly active).
　The JKOM is a quality of life scale that includes pain 
and stiffness in the knees, condition in daily life, gener-
al activities, and health conditions [18].  It is a specific 
QOL scale for patients with knee OA that consists of 
25 items, and its reliability and validity have been ex-
amined in a previous study.  The JKOM score evaluates 
each item according to five levels (0 to 4 points), with 
the total score ranging from 0 points to 100 points.  A 
lower JKOM score indicates better QOL.  Preoperative 
evaluation of the individual factors and these scales 
were performed at the time of hospitalization.

Statistical analysis
　First, to examine the criterion-related validity of the 
modified version of SR-FAI in patients with knee OA, 
we determined its correlation with FIM and JKOM 
using Pearson’s correlation coefficient.  Second, we 
established two models using the total scores of the 
modified version of SR-FAI and JKOM as dependent 
variables.  Multiple regression analyses were utilized 
to examine the relationship between the dependent and 
explanatory variables.  The explanatory variables were 
sex, age, BMI, K-L grade, affected side, surgical his-
tory, and knee joint pain on NRS.  The explanatory 
variables were entered into the multiple regression 

models by the stepwise method.  Qualitative data were 
converted to dummy variables as follows: sex (male 
= 1, female = 0), K-L grade (grade III = 1, grade IV = 
0), affected side (unilateral knee OA = 1, bilateral knee 
OA = 0), and surgical history (no = 1, yes = 0).  Other 
variables (age, BMI, and NRS) were treated as quan-
titative data.  Finally, the standard values of the modi-
fied version of SR-FAI and the JKOM were calculated 
after stratifying based on significant related factors of 
each dependent variable.  The software used to analyze 
the data was SPSS 22.0 (IBM Corp., Tokyo, Japan), 
and the significance level was set at P = 0.05.

Results

　A total of 661 patients (532 females, 129 males; 
mean age: 74.9 [standard deviation (SD) 6.5] years) 
participated in this study.  The characteristics of the 
participants are summarized in Table 1.  The mean FIM 
in patients with knee OA was 121.5 ± 5.5 points, and 
the mean +1 SD exceeded 126 points, which was the 
full score.  Thus, we judged that FIM had a ceiling ef-
fect problem in evaluating the activity level in patients 
with knee OA.  The modified version of SR-FAI cor-
related significantly with the FIM (r = 0.379, P < 0.001) 
and the JKOM (r = -0.263, P < 0.001), but the Pearson’s 
correlation coefficient showed low values.  In particu-
lar, the modified version of SR-FAI was shown to have 
criterion-related validity and discriminant validity with 
the FIM and the JKOM.
　In the multiple regression analysis, age (β = -0.222; 
P < 0.001), sex (β = -0.164; P < 0.001), and K-L grade 
(β = 0.103; P = 0.010) correlated statistically with the 
modified version of SR-FAI (Table 2).  Specifically, 
patients who were young, female, and had a K-L grade 
of III obtained high total scores in the modified ver-
sion of SR-FAI, indicating that they were highly ac-
tive.  Age (β = 0.220; P < 0.001), K-L grade (β = -0.127; 
P = 0.001), and sex (β = -0.121; P = 0.002) also cor-
related statistically with the JKOM (Table 2).  Thus, 
patients who were younger, had a K-L grade of III, and 
were male obtained low total JKOM scores, indicating 
high levels of QOL.
　Consequently, the standard values of the modified 
version of SR-FAI and the JKOM in patients with knee 
OA were derived after stratifying according to sex, age, 
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and K-L grade.  The standard value of this study was 
shown using the median, because each data after strati-
fying did not follow a normal distribution.  Among the 
patients aged 60-74/75-89 years, the standard values 
for the modified version of SR-FAI were 23/19 and 
20/18 points for K-L grades III and IV in the males, 
and 29/23 and 26/21 points in the females, respectively 
(Table 3).  Additionally, the standard values for the 
JKOM among patients aged 60-74/75-89 years were 
35/49 and 45/59 points for K-L grades III and IV in 
the males and 41/52 and 47/60 points in the females, 
respectively (Table 4).

Discussion

　In the present study, we determined the standard val-
ues that were useful for understanding the disease state 
of knee OA patients who were scheduled to undergo 
TKA by examining the actual state of activity limita-
tion and decline in QOL.  This study revealed that the 

Table 2.  Related factors of modified version of SR-FAI 
and JKOM

Model Variable β P-value B 95% CI
Lower Upper

Modified 
version of 
SR-FAI

Age -0.222 <0.001 -0.307 -0.415 -0.199

Sex -0.164 <0.001 -3.720 -5.491 -1.949

K-L grade 0.103 0.010 1.900 0.464 3.335

JKOM Age 0.220 <0.001 0.680 0.446 0.914

K-L grade -0.127 0.001 -5.148 -8.215 -2.080 

Sex -0.121 0.002 -6.106 -9.939 -2.272

Modified SR-FAI model: R = 0.298, R2 = 0.089, adjusted R2 = 
0.084, P < 0.001.  JKOM model: R = 0.286, R2 = 0.082, adjusted 
R2 = 0.077, P < 0.001.  β: standardized partial regression coefficient, 
B: partial regression coefficient, CI: confidence interval, SR-FAI: 
Self-Rating Frenchay Activities Index, JKOM: Japanese Knee 
Osteoarthritis Measure, K-L grade: Kellgren-Lawrence grade

Table 3.  Standard values for total scores of modified ver-
sion of SR-FAI

K-L grade Sex n 60-74 years n 75-89 years

Grade III Male 26 23 (19-29) 30 19 (14-27)

Female 99 29 (25-34) 108 23 (19-28)

Grade IV Male 35 20 (13-27) 38 18 (11-26)

Female 135 26 (20-32) 190 21 (15-27)

Values are presented as median (interquartile range).  Units are 
in points.  SR-FAI: Self-Rating Frenchay Activities Index, K-L 
grade: Kellgren-Lawrence grade

Table 4.  Standard values for total scores of JKOM

K-L grade Sex n 60-74 years n 75-89 years

Grade III Male 26 35 (28-44) 30 49 (36-64)

Female 99 41 (29-58) 108 52 (37-70)

Grade IV Male 35 45 (33-56) 38 59 (37-69)

Female 135 47 (35-61) 190 60 (43-72)

Values are presented as median (interquartile range).  Units are in 
points.  JKOM: Japanese Knee Osteoarthritis Measure, K-L grade: 
Kellgren-Lawrence grade

Table 1.  Characteristics of the participants

Variable Value

Individual 
factors

Sex Male 129 (19.5)

Female 532 (80.5)

Age (years) 74.9 ± 6.5

BMI (kg/m2) 25.7 ± 3.9

K-L grade Grade III 263 (39.8)

Grade IV 398 (60.2)

Affected side Unilateral knee OA 131 (19.8)

Bilateral knee OA 530 (80.2)

Surgical history No 462 (69.9)

Yes 199 (30.1)

NRS (points) 3.1 ± 3.1

ADL FIM (points) 121.5 ± 5.5

IADL Modified version of SR-FAI (points) 23.2 ± 9.0

QOL JKOM (points) 50.9 ± 20.1

Values are presented as mean ± standard deviation or n (%).  
BMI: body mass index, K-L grade: Kellgren-Lawrence grade, 
OA: osteoarthritis, NRS: numerical rating scale, ADL: activities 
of daily living, FIM: Functional Independence Measure, IADL: 
instrumental activities of daily living, SR-FAI: Self-Rating 
Frenchay Activities Index, QOL: quality of life, JKOM: Japa-
nese Knee Osteoarthritis Measure



37The Standard Values of SR-FAI and JKOM in Patients with Knee OA

male patients, those aged 75-89 years, and those with 
K-L grade of IV had low total scores in the modified 
version of SR-FAI, and that the female patients, those 
aged 75-89 years, and those with K-L grade of IV had 
high total scores of JKOM.  Consequently, the stan-
dard values of the modified version of SR-FAI and the 
JKOM were calculated after stratifying according to 
these related factors.  The standard values of the modi-
fied version of SR-FAI and the JKOM in this study 
were the total scores of patients with knee OA before 
TKA, and can be used to interpret the degree of ac-
tivity limitation and decline in QOL in these patients.  
These standard values could help in clinical decision 
making for healthcare providers.
　A previous study reported that females aged 55-
79 years living at home had higher total scores on 
the modified version of SR-FAI than males, and were 
more active than males [17].  The results of the present 
study showed that the total score on the modified ver-
sion of SR-FAI was higher in females than in males, 
even in patients with knee OA before TKA, and the 
activity of females was better than that of males.  Fur-
thermore, as far as we know, there is no study to have 
ever examined sex differences in the JKOM.  On the 
other hand, a previous study reported a significant dif-
ference between male and female patients with knee 
OA in Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) scores and Medical 
Outcomes Study 36-Item Short-Form Health Survey 
(SF-36) scores; that is, female patients had signifi-
cantly worse symptoms than male patients [19].  The 
present study showed that the total score of JKOM was 
higher in females than in males, even in patients with 
knee OA before TKA, and the QOL of females was 
worse than that of males.  Given that these standard 
values were created from many samples, we consider 
that these standard values stratified by related factors 
can be useful indices for interpreting the degree of ac-
tivity limitation and decline in QOL in patients with 
knee OA.
　Based on the results of the present study, the stan-
dard values for the modified version of SR-FAI among 
patients aged 60-74/75-89 years were 23/19 and 20/18 
points for K-L grades III and IV, respectively, in the 
males, and 29/23 and 26/21 points, respectively, in the 
females.  A previous case-comparison study reported 

that the mean scores on the modified version of SR-FAI 
in community-dwelling older adults (mean age, 64.4 
years for male; mean age, 65.1 years for female) with 
stroke and in community-dwelling healthy elderly (age 
55-74 years) were 12.0/23.1 points (males/females) 
and 26.8/34.6 points (males/females), respectively 
[20].  Given that the activity limitation in patients with 
knee OA is different between healthy older adults and 
patients with stroke, generalizing the standard values 
obtained in the previous studies is not ideal.  Thus, the 
standard value of the modified version of SR-FAI in the 
present study could be a source of valuable information 
to determine the degree of activity limitation in patients 
with knee OA.
　In the results of this study, the standard values for 
the JKOM among patients aged 60-74/75-89 years 
were 35/49 and 45/59 points for K-L grades III and 
IV, respectively, in the males, and 41/52 and 47/60 
points, respectively, in the females.  A previous cross-
sectional observational study examined the median of 
the JKOM total score in patients with knee OA from 
community orthopedic clinics and showed that the to-
tal scores of the JKOM decreased as the number of 
daily steps increased (JKOM total scores: 25 points for 
patients with < 2,500 steps/day and 12 points for pa-
tients with >7,500 steps/day) [21].  The standard val-
ues of JKOM in this study were higher than those in 
that previous study.  In other words, the level of QOL 
in patients with knee OA who were scheduled to un-
dergo TKA was worse than that in community-dwell-
ing patients.  Thus, the standard values of the JKOM in 
this study can be useful for interpreting the degree of 
decline in QOL in patients with severe knee OA.
　This study had some limitations.  First, as we ex-
cluded patients who had been diagnosed with multi-
ple-joint OA such as hip OA and spine OA, it is un-
clear whether these standard values can be used in a 
population with OA in multiple joints.  Second, these 
standard values cannot be used as indices for judging 
the application of treatment, because this study was 
not a comparison with a control group.  Third, medical 
information such as data on the onset of knee OA, pe-
riod of commencement of rehabilitation, and contents 
of medical treatment, which might also have affected 
the results of our present study, was not obtained.  Fu-
ture studies should include this additional information.
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Conclusion

　Given that the standard values of the modified ver-
sion of SR-FAI and the JKOM used in this study were 
created from many samples, these values could be 
useful indices for interpreting the degree of activity 
limitation and decline in QOL in patients with knee 
OA.  Accordingly, our findings suggest that these stan-
dard values could help in clinical decision making for 
healthcare providers.
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