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Investigation performed at the Department of Orthopaedic Surgery, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

Background: Missing responses are common when Asian patients complete the Forgotten Joint Score-12 (FJS-12),
which is widely used to evaluate total hip arthroplasty (THA). We aimed to provide orthopaedic researchers with a solution
for handling missing values in such patient-reported outcome measures (PROMs).

Methods: Patientswhohadundergoneprimary THAbetween1998and2016 (n= 1,021)were investigated in2020. TheFJS-12
and 9 other PROMs, including questions related to Asian lifestyle activities, were administered. Risk factors for missing FJS-12
items were investigated. Partial respondents were matched with complete respondents; then, in each pair, the items not
completed by the partial respondent were deleted from the responses of the complete respondent. Predictive mean matching
(PMM)wasperformed in anattempt to recover thedeleted items, using65setsof imputationmodels. After themissing valueshad
been imputed, we explored patient characteristics that affected the FJS-12, using data from all complete and partial respondents.

Results: A total of 652 patients responded to the survey (393 complete and 193 partial respondents). Partial respon-
dents were older, more often female, and less active. Older respondents were more likely to skip items involving the bed,
while those who reported a better ability to sit in the seiza style (traditional Japanese floor sitting) were more likely to skip
items about chair sitting. The imputed FJS-12 value exhibited excellent reliability (intraclass correlation coefficient for
agreement with the true scores, 0.985). FJS-12 values of complete respondents were significantly higher than those of
respondents with 4 to 11 missing items (51.6 versus 32.8, p < 0.001). Older age was associated with higher FJS-12
values, which was revealed only via analysis of the multiply imputed data sets (p < 0.001).

Conclusions: Analysis of only complete FJS-12 responses after THA resulted in a nonresponse bias, preferentially
excluding older, female, and less active individuals and those with a traditional floor living style. Multiple imputation could
provide a solution to scoring and analyzing PROMswithmissing responses by permitting the inclusion of partial respondents.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

I
n recent years, there has been an increase in the number of
studies of total hip arthroplasty (THA) using patient-reported
outcome measures (PROMs)1. However, PROMs are sus-

ceptible to missing data2. Most studies have analyzed only patients
with complete responses2, with the unrealistic assumption that the
data were missing completely at random (MCAR)3-5.

The Forgotten Joint Score-12 (FJS-12)6, a PROM with a
wide score distribution and small ceiling effect, has been trans-
lated into several languages and validated in countries pre-
dominantly speaking those languages6-11. Because of its score
characteristics, it enables the evaluation of a broad range of

clinical outcomes as well as the identification of differences
among those with high scores after THA; the latter is useful in
efforts to further improve surgical techniques and implants12.
However, since the FJS-12 was developed for Western popula-
tions, there is a potential risk of missing responses for certain
items among non-Western populations with traditional lifestyles,
such as Japanese who sit on the floor or sleep on tatami mats.

Multiple imputation13 is the preferred method to handle
missing data according to the guidelines of both the European
Medicines Agency14 and a U.S. National Research Council expert
panel15,16 requested by the Food and Drug Administration. This

Disclosure: TheDisclosure of Potential Conflicts of Interest forms are provided with the online version of the article (http://links.lww.com/JBJS/H287).

Copyright � 2022 The Authors. Published by The Journal of Bone and Joint Surgery, Incorporated. All rights reserved. This is an open access article
distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License4.0 (CCBY-NC-ND), where it is permissible to download
and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

2195

COPYRIGHT � 2022 THE AUTHORS. PUBLISHED BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED. ALL RIGHTS RESERVED

J Bone Joint Surg Am. 2022;104:2195-203 d http://dx.doi.org/10.2106/JBJS.21.01547

D
ow

nloaded from
 http://journals.lw

w
.com

/jbjsjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 03/21/2024

http://links.lww.com/JBJS/H287
http://creativecommons.org/licenses/by-nc-nd/4.0/


method can incorporate auxiliary information about missing
data into the analysis, by generating multiple complete data sets
with different imputed values for missing variables to incorpo-
rate any uncertainty15. Several models have been proposed to
obtainmultiple complete data sets17-19; one of themost popular is
predictive mean matching (PMM)2,19-21. Although analysis using
multiple imputation is recommended for data with missing

values13-16, analyses of FJS-12 results after THA have not been
performed with this method, to our knowledge.

This study aimed to provide a solution for orthopaedic
researchers with concerns about scoring and analyzing incom-
plete PROMdata.We have addressed this issue by focusing on the
FJS-12, which has been increasingly reported in recent years and
is known to be susceptible tomissing items8,22.We also focused on

Fig. 1

Flow diagram of patient selection for the analysis. The 4 outcomes described in the Materials and Methods section are shown in red, indicating the

populations in which they were analyzed.

2196

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 104-A d NUMBER 24 d DECEMBER 21, 2022
MULTIPLE IMPUTAT ION TO SALVAGE PARTIAL RESPONDENTS

D
ow

nloaded from
 http://journals.lw

w
.com

/jbjsjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 03/21/2024



THA patients at medium to long-term follow-up, who were
considered highly susceptible to having missing items14.

The research questions were as follows: (1) Does exclusion
of partial FJS-12 respondents after THA introduce a nonre-
sponse bias? (2) How well does multiple imputation by PMM
perform in imputing data for patients with missing FJS-12
items? (3) Do FJS-12 results after imputation differ according
to the number of missing items? (4) Are there any patient
characteristics that could affect FJS-12 results using multiply
imputed data sets?We hypothesized that exclusion of partial FJS-
12 respondents would introduce a nonresponse bias and that
analysis of scores calculated from data sets imputed using PMM
could provide less biased results.

Materials and Methods
Participants

This retrospective cohort study was conducted according to
the STROBE (Strengthening the Reporting of Observa-

tional Studies in Epidemiology) statement23. Our institutions
approved the human protocol for this investigation, which was
conducted in conformity with ethical principles of research.
Ethical approval for this study was obtained from the Graduate
School of Medical Sciences, Kyushu University (approval
number 30-246, 21142-00).

The data for 1,527 Asian patients who underwent primary
cementless THA for symptomatic osteoarthritis between January
1998 and December 2016 at a single university hospital were re-
viewed. This period was chosen to provide >1,000 cases with a
minimum follow-up of 3 years after THA. All surgical procedures
were performed via the posterolateral approach by the same group
of 13 senior surgeons. Of these patients, 1,021 met the following

inclusion criteria: no reoperation after THA, a valid address, prior
agreement to participate in the survey obtained by telephone, and
absence of any condition unrelated to the hip thatmight lead to bed
rest. Themail survey was conducted in September 2020 among the
1,021 eligible patients. All participants provided informed consent
to participate in the study, and the data were handled according to
the ethical standards of the Declaration of Helsinki.

PROMs
The FJS-126 is a 12-item questionnaire assessing joint awareness
in daily life after arthroplasty. The answers to the 12 items
regarding the frequency of joint awareness (never, 0 points;
almost never, 1 point; seldom, 2 points; sometimes, 3 points;
mostly, 4 points) are summed and converted to a 100-point scale,
with higher scores indicating better outcomes. The FJS-12 can be
scored using the original rule6 if no more than 3 items are
missing. The University of California Los Angeles (UCLA)
activity score24 allows patients to select 1 answer from among
10 statements describing their current activity state, with higher
scores indicating higher activity. The Oxford Hip Score (OHS)25

is a 12-item disease-specific quality-of-life PROM that assesses
function and pain in patients undergoing THA. The total OHS
can range from 0 to 48, with higher scores indicating better
outcomes. The visual analogue scale (VAS) satisfaction26 score can
range from 0 to 100, with 0 indicating that the patient is “not at all
satisfied with the surgery” and 100 indicating that they are “very
satisfied with the surgery.” The patient satisfaction scale27 uses a
4-point Likert scale: very dissatisfied, 25 points; somewhat dis-
satisfied, 50 points; somewhat satisfied, 75 points; and very sat-
isfied, 100 points. Finally, 3 original questions in this study
investigated the ease of squatting, sitting in the seiza style

TABLE I Patient Demographics*

Complete FJS-12 (N = 393) Partial FJS-12 (N = 193) P Value Complete and Partial FJS-12 (N = 586)

Age at survey† (yr) 70.5 ± 9.2 (41.7-90.7) 73.9 ± 9.9 (35.7-95.7) <0.001‡ 71.6 ± 9.6 (35.7-95.7)

Follow-up† (yr) 9.6 ± 4.2 (3.7-21.5) 9.9 ± 4.3 (3.7-22.3) 0.549 9.7 ± 4.3 (3.7-22.3)

Sex (no. [%]) 0.027‡

Male 77 (19.6) 23 (11.9) 100 (17.1)

Female 316 (80.4) 170 (88.1) 486 (82.9)

BMI† (kg/m2) 23.0 ± 3.3 22.9 ± 3.5 0.729 23.0 ± 3.4

Surgical side (no. [%]) 0.565

Unilateral 229 (58.3) 118 (61.1) 347 (59.2)

Bilateral 164 (41.7) 75 (38.9) 239 (40.8)

Diagnosis (no. [%]) 0.150

OA 350 (89.1) 167 (86.5) 517 (88.2)

ONFH 33 (8.4) 14 (7.3) 47 (8.0)

RA 3 (0.8) 5 (2.6) 8 (1.4)

Other§ 7 (1.8) 7 (3.6) 14 (2.4)

*FJS-12 = Forgotten Joint Score-12, BMI = body mass index, OA = osteoarthritis, ONFH = osteonecrosis of the femoral head, RA = rheumatoid
arthritis. †Values are given as the mean and standard deviation, with or without the range in parentheses. ‡Significant at p < 0.05. §Fracture,
arthrodesis, spondyloepiphyseal dysplasia, posttraumatic osteonecrosis, and rapidly destructive coxopathy.
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TABLE II Multivariable Logistic Regression Analysis of Forgotten Joint Score-12 Item Missingness*

Question Awareness of the Artificial Joint
Missing Items

(no. [%])
Factors Associated
with Missingness

Adjusted Odds
Ratio (95% CI) P Value

1 “In bed at night” 33 (5.6) Age at survey 1.07 (1.01-1.15) 0.038†

Unilateral THA 2.65 (0.78-12.1) 0.148

2 “When you are sitting on a chair
for more than 1 hour”

30 (5.1) Ease of sitting in the seiza style 2.15 (1.17-5.52) 0.039†

3 “When you are walking for more than fifteen minutes” 27 (4.6) Age at survey 1.07 (0.99-1.15) 0.077

Unilateral THA 3.59 (0.90-23.9) 0.108

4 “When you are taking a bath/shower” 33 (5.6) Age at survey 1.05 (0.99-1.12) 0.152

Unilateral THA 2.41 (0.74-9.59) 0.166

OHS 0.94 (0.88-1.01) 0.070

5 “When you are traveling in a car” 44 (7.5) Follow-up year 1.09 (0.98-1.22) 0.117

Unilateral THA 2.86 (0.99-9.35) 0.060

UCLA activity score 0.80 (0.57-1.08) 0.173

OHS 0.95 (0.89-1.01) 0.083

6 “When you are climbing stairs” 31 (5.3) OHS 0.90 (0.83-0.98) 0.013†

Age at survey 1.06 (0.99-1.15) 0.130

Ease of sitting in the seiza style 1.66 (0.92-3.37) 0.117

7 “When you are walking on uneven ground” 33 (5.6) OHS 0.91 (0.85-0.98) 0.009†

Age at survey 1.06 (0.98-1.16) 0.164

8 “When you are standing up from a low-sitting position 29 (4.9) OHS 0.90 (0.81-0.99) 0.049†

Age at survey 1.10 (0.98-1.24) 0.121

VAS satisfaction 1.15 (0.99-1.44) 0.101

UCLA activity score 0.51 (0.24-1.01) 0.052

Ease of squatting 0.55 (0.24-1.23) 0.139

Ease of sitting in the seiza style 1.86 (0.86-4.26) 0.119

9 “When you are standing for long periods of time” 29 (4.9) OHS 0.93 (0.86-0.99) 0.040†

Age at survey 1.05 (0.99-1.13) 0.143

Unilateral THA 3.48 (0.96-17.3) 0.081

10 “When you are doing housework or gardening” 33 (5.6) OHS 0.90 (0.83-0.98) 0.013†

Unilateral THA 3.89 (0.97-21.3) 0.075

Satisfaction with pain 1.06 (0.99-1.19) 0.146

UCLA activity score 0.71 (0.43-1.06) 0.128

11 “When you are taking a walk/hiking” 64 (10.9) Age at survey 1.07 (1.01-1.13) 0.016†

VAS satisfaction 1.03 (0.99-1.08) 0.138

UCLA activity score 0.77 (0.56-1.02) 0.088

OHS 0.95 (0.90-1.01) 0.079

12 “When you are doing your favorite sport” 173 (29.5) UCLA activity score 0.79 (0.66-0.94) 0.012†

Follow-up year 1.07 (0.99-1.14) 0.057

VAS satisfaction 1.01 (0.99-1.03) 0.164

Ease of squatting 0.84 (0.67-1.07) 0.152

*Procedure for the model selection: 10 variables (age at survey, follow-up year after total hip arthroplasty [THA], sex, body mass index, surgical
side, visual analogue scale [VAS] for satisfaction, satisfaction with pain, University of California Los Angeles [UCLA] activity score, Oxford Hip
Score [OHS], ease of squatting) were respectively fitted as the initial dependent variables, except for the following adjustments. “Ease of
squatting”was not used for question 1 because it was not relevant. “Ease of sitting in the seiza style (Japanese traditional sitting style)”was added
for questions4, 8, and10, and “Ease of getting in and out of a car”wasadded for question 5, because they could be related to the questions. Finally,
the variables that had an effect were selected in the forward and backward stepwise selection process tominimize the Akaike information criterion.
CI = confidence interval. †Significant at p < 0.05.
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(traditional Japanese floor sitting), and getting in and out of a car.
These had 4 options: no, “have not tried” (1 point); no,
“impossible” (2 points); yes, “possible with some support” (3
points); and yes, “easily possible” (4 points). These 3 movements
were considered to have a considerable impact on joint awareness
in daily life, particularly in Asia28-30, and they were therefore
included in the analysis of factors that might have an effect on the
FJS-12.

Nonresponse Bias with Selection of Only Complete
FJS-12 Respondents
FJS-12 respondents were divided into 3 groups: those with
responses to all 12 questions (complete respondents), those
with completion of only some questions (partial respondents),
and those with all 12 questions unanswered (blank respon-
dents). First, FJS-12 complete and partial respondents were
analyzed. For each item, multivariable31 analysis with a binary
outcome variable of missing or not missing was performed to
identify risk factors for the absence of a response to that item.
These results were used to determine whether the pattern of
missing responses was MCAR or not.

Reliability of the FJS-12 Value Calculated Using Imputation of
Missing Items with PMM
PMM2,19-21 was performed with the mice package32 in R (The R
Foundation for Statistical Computing), which is widely used
for analyses involving PMM. In PMM, imputation of the
missing values is performed by randomly selecting from the
values observed in other individuals who are similar, as defined
using the distance in a normal-theory linear regression model.

The following analysis was conducted to evaluate the
reliability of the recovered FJS-12 value calculated using data
sets in which missing item(s) were imputed using PMM.
Complete and partial respondents were matched in a 1:1 ratio
based on age at the time of the survey (±2 years), follow-up
duration (±1 year), surgical side, and sex.

For each partial respondent, the pattern of missing
responses was replicated by deleting the responses of the
matched complete respondent to the same items, and multiply
imputed data sets were created using PMM. We compared the
mean recovered FJS-12 of each complete respondent with their
true FJS-12 and calculated the intraclass correlation coefficient
(ICC) for agreement, specifically the ICC(2,1)33,34.

Fig. 2

Intraclass correlation coefficient (ICC) for agreement between the true Forgotten Joint Score (FJS)-12 and the mean FJS-12 calculated from 65 data sets

after imputing the missing items using predictive mean matching (mean recovered FJS-12). Fig. 2-A Of the 193 partial respondents with 1 to 11 missing

items, 124 (64.2%) could bematched. The reliability of themean recovered FJS-12 in the corresponding full respondents was excellent (ICC for agreement

between the recovered and true FJS-12 = 0.985). Fig. 2-B Of the 66 blank respondents (all 12 items were missing), 48 (72.7%) could be matched. The

reliability of the mean recovered FJS-12 was poor (ICC for agreement between the recovered and true FJS-12 = 0.324), indicating that if none of the 12 FJS-12

items were available, PMM could not recover the true value of the individual’s FJS-12.
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Comparison of FJS-12 Groups by the Number of Missing Items
Partial FJS-12 respondents were divided into 2 groups: those
with 1 to 3 missing items and those with 4 to 11 missing items;
the original scoring rule calls for the exclusion of the latter from
analyses6. FJS-12 respondents with up to 3 missing items were
scored according to the survey instructions.

In addition, multiply imputed data sets were created
using PMM for respondents with missing items, and the mean
FJS-12 was obtained. These scores were used to assess the
ability of PMM to approximate the true FJS-12 in participants
with 1 to 3 and 4 to 11 missing responses.

Patient Characteristics That Affected FJS-12 Values Calculated
from Imputed Data Sets Using PMM
We explored patient characteristics that affected the FJS-12 using
data from all complete and partial respondents after imputing
missing values. Multivariable31 regression analysis was performed
on each of the 65 data sets that had been completed using im-
putation. The results were combined using the Rubin rules13 to
identify patient characteristics that contributed to the FJS score.

Statistical Analysis
All statistical analyses were conducted using R version 4.0.5 and
RStudio version 1.4.1106. The chi-square test was used to ana-
lyze categorical variables, and the Student t test was used for
continuous variables. The Kruskal-Wallis test was used to
compare the FJS-12 among the 3 groups, with significance
adjusted for multiple comparisons by the Bonferroni method.
For each FJS-12 item, a multivariable logistic regression analysis

was conducted with a binary outcome variable indicating
whether the response for that item was missing or not missing.
Multiple imputation was conducted in the mice 3.13.0 package32

using PMM. A total of 37 variables (see Appendix Supplemen-
tary data 1) were applied in the imputation model35,36. Multiple
complete data sets were generated by repeating the imputation
process the same number of times as the number of respondents
who were missing at least one of the variables used in the
multivariable analysis18,36. Multivariable regression analysis of
FJS-12 values (treated as a continuous variable) was separately
applied to each imputed data set. These estimates and their
standard errors were combined using the Rubin rules13. The
variables for the multivariable analyses were selected using for-
ward and backward stepwise selection to minimize the Akaike
information criterion37. P < 0.05 was defined as significant.

Source of Funding
No external funding was received for any aspect of this work.

Results

Of the 652 respondents, 393 (60.3%) completed all 12 FJS-
12 items, 193 (29.6%) had 1 to 11 missing item(s), and 66

(10.1%) had 12 missing items (Fig. 1; see also Appendix Sup-
plementary data 2, 3, and 4). Among the partial respondents,
the median number of missing items was 1, and 50 patients
(7.7% of the total) had 4 to 11missing items. Themean follow-up
duration was 9.6 years for complete respondents and 9.9 years for
partial respondents, with no significant difference (p = 0.549).
The partial respondents were significantly older than the complete
respondents at the time of the survey (p < 0.001) and more likely
to be female (p = 0.027) (Table I). Partial respondents had sig-
nificantly lower UCLA activity scores (p = 0.002) and more
unfavorable scores for each FJS-12 item (see Appendix Supple-
mentary data 5 and 6).

Older age at the time of the survey was a risk factor for
skipping FJS-12 item 1 (related to joint awareness in bed at
night) and item 11 (related to walking/hiking). High scorers for
sitting in the seiza style were more likely to skip FJS-12 item 2
(related to sitting in a chair), while skipping items 6 to 10
(which are related to moving states) was associated with lower
OHS (function and pain) scores. High UCLA activity scores
were associated with lower rates of missing values for the sport-
related FJS-12 item 12 (Table II). Thus, we concluded that the
missing FJS-12 items did not follow theMCAR pattern and that
the partial respondents should be included in the analysis using
multiple imputation.

Of the 193 partial respondents, 124 (64.2%) were matched
(see Appendix Supplementary data 7). The ICC for agreement
between the true and PMM-recovered FJS-12, using 65 data sets,
exhibited excellent reliability (ICC for agreement = 0.985, Fig. 2).
However, the same method indicated poor reliability for the
estimated scores for the blank-response group (ICC for agree-
ment= 0.324). Therefore, blank respondents were not included in
the subsequent analyses. Scoring reliability for FJS-12 respondents
with up to 9 missing items was excellent (ICC for agreement =
0.939 to 0.993; see Appendix Supplementary data 8 and 9).

Fig. 3

FJS-12 distribution in the study sample, estimated using kernel densities, ac-

cording to the number of missing items. The area of each histogram was stan-

dardized to1.ThemeanFJS-12was51.6±26.7 forcomplete respondents,42.1

±26.9for thosewith1to3missingresponses(calculatedwiththeoriginalscoring

rule), and 32.8± 24.5 for thosewith 4 to 11missing responses (calculated from

multiply imputed data sets using predictive mean matching). *The complete

respondents differed significantly from those missing 1 to 3 items and those

missing 4 to 11 items (p < 0.001 for both) according to the Bonferroni method.
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The mean FJS-12 (and standard deviation) was 51.6 ± 26.7
for complete respondents, 42.1 ± 26.9 using the original scoring
rule for those with 1 to 3missing responses, and 32.8 ± 24.5 using
PMM for those with 4 to 11 missing responses. The complete
respondents differed significantly from those missing 1 to 3 items
and those missing 4 to 11 items (p < 0.001 for both, Fig. 3).

When all partial and complete respondents were in-
cluded and the multivariable regression analysis results for the
65 data sets were combined, the mean FJS-12 was 47.5 ± 27.1,

and a higher age at the time of the survey was associated with a
higher FJS-12 value (p < 0.001) (Table III). In the sensitivity
analyses that did not use multiple imputation, age at the time of
the survey was not associated with the FJS-12.

Discussion

This is the first study, to our knowledge, to use multiple
imputation to create complete data sets for partial re-

spondents in order to permit their inclusion in analyses of FJS-

TABLE III Multivariable Regression Analyses of the Forgotten Joint Score (FJS)-12 Value*

Factors

Complete and All Partial
Respondents (N = 586)†

Complete Respondents and
Those with 1-3 Missing Responses

(N = 261)‡
Complete Respondents

Only (N = 203)§

b (95% CI) P Value b (95% CI) P Value b (95% CI) P Value

Age at survey 0.37 (0.17 to 0.57) <0.001** 0.27 (20.03 to 0.57) 0.077

Follow-up, in years 1.15 (0.31 to 1.98) 0.007**

Male (reference: female) 5.24 (22.21 to 12.69) 0.167

BMI

Unilateral THA (reference:
bilateral)

21.08 (24.95 to 2.79) 0.583 23.86 (29.24 to 1.52) 0.159

ONFH (reference: OA)

Other diagnosis††
(reference: OA)

History of DDH
(reference: no history)

5.70 (21.11 to 12.51) 0.101

History of any osteotomy
(reference: no history)

UCLA activity score
(range, 1-10)

1.10 (20.22 to 2.43) 0.103 1.42 (20.20 to 3.04) 0.085

OHS (range, 0-48) 0.76 (0.42 to 1.11) <0.001** 1.00 (0.50 to 1.50) <0.001** 1.30 (0.77 to 1.82) <0.001**

VAS satisfaction (range, 0-100) 0.19 (0.07 to 0.31) 0.002** 0.23 (0.04 to 0.42) 0.020** 0.21 (20.01 to 0.43) 0.063

Satisfaction with pain (range,
25-100)

Satisfaction with housework
(range, 25-100)

Satisfaction with recreation
(range, 25-100)

0.42 (0.27 to 0.57) <0.001** 0.36 (0.15 to 0.58) <0.001** 0.42 (0.18 to 0.67) 0.001**

Ease of getting in and out of car
(range, 1-4)

4.96 (2.64 to 7.28) <0.001** 6.84 (3.67 to 10.01) <0.001** 5.79 (2.29 to 9.29) 0.001**

Ease of squatting (range, 1-4) 3.23 (1.44 to 5.02) <0.001** 2.60 (0.25 to 4.95) 0.031** 2.84 (0.25 to 5.42) 0.032**

Ease of sitting in the seiza style
(range, 1-4)

*The regression coefficient, b, indicates the estimated increase in FJS-12 per unit increase in the dependent variable. CI = confidence interval,
BMI = body mass index, THA = total hip arthroplasty, ONFH = osteonecrosis of the femoral head, OA = osteoarthritis, DDH = developmental
dysplasia of the hip, UCLA = University of California Los Angeles, OHS = Oxford Hip Score, VAS = visual analogue scale. Blank cells indicate
variables that were not selected in the stepwise selection process based on the Akaike information criterion. Because the variables selected for
eachmultiple complete data set could be different, the same variable selected in sensitivity analysis 1was used for the primary analysis.†Primary
analysis. Multiple imputation using 65 data sets, whose results were combined using the Rubin rules.‡Sensitivity analysis 1. A single data set.
For respondents with 1 to 3 missing items, each missing score was replaced with the mean of the scores for the items completed by the patient;
respondents with 4 or more missing items were excluded (per the original scoring rule). Respondents with missing values for ‡1 of the 17 non-
FJS variables used in the multivariable regression analysis were also excluded. §Sensitivity analysis 2. A single data set. Respondents with
missing values for ‡1 of the 17 non-FJS variables used in the multivariable regression analysis were excluded. **Significant at p < 0.05.
††Rheumatoid arthritis, fracture, arthrodesis, spondyloepiphyseal dysplasia, posttraumatic osteonecrosis, and rapidly destructive coxopathy.
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12 data. We found that the pattern of missing FJS-12 items in
this Asian cohort was not MCAR, and that exclusion of partial
respondents resulted in a nonresponse bias that might be
associated with several factors such as sex differences in sports
participation after THA38 and differences in activity levels8. This
finding is clinically important for orthopaedic research using
PROMs with missing outcome values, an issue that has not
gained much attention2. The difference in FJS-12 values be-
tween complete respondents and those with 4 to 11 missing
items, whom the FJS-12 developers recommended should be
excluded6, exceeded 17.5 points, which is the previously re-
ported minimal clinically important difference39. Because
worldwide use of the FJS-12 as an outcome is anticipated, it is
necessary to discuss the validity of applying the original scoring
rule to questionnaires with missing values, essentially im-
puting a value based on the mean of the other individual items
if 1 to 3 items were not completed but not scoring question-
naires with ‡4 missing items. This study of medium to long-
term FJS-12 results after THA indicated that the rate of missing
values increased with lower patient activity and greater age.
Therefore, analysis using multiply imputed data sets may be
recommended.

Our analysis of FJS-12 values calculated from multiple
imputation of data sets using PMM showed that they had
excellent34 reliability when up to 9 items were missing. How-
ever, the reliability of the model might depend on the sample
size40, and this will need to be assessed in future studies. Fur-
thermore, since the actual values of the missing items are not
known, sensitivity analyses based on various assumptions re-
garding those values are recommended15,36.

In our study, older age was a risk factor for skipping item
1, which asks about “awareness in bed at night.”While this item
seems to assess a normal experience, rates of bed use were only
14.9% in an assessment in 1965 and 60.5% in 2004 according
to a Japanese government survey 41, and are believed to be
lowest among older adults. As lifestyles and functional needs
vary even among different generations within the same coun-
try, the creation of questions that could be answered by all
patients is unrealistic. However, in the present study, the
multiple imputation method allowed the inclusion of older
individuals who used traditional Japanese tatami mats instead
of beds, did not sit on chairs, and did not hike or play sports.

The FJS-12 has been reported to be higher in older
patients than in younger ones after THA42, after total knee
arthroplasty43, and in the general male population in the U.S.7.
This observation has been attributed to the naturally reduced
activity levels with aging, reducing the opportunity for patients
to be aware of their joints and thus resulting in higher FJS-12
values43. Our analysis, in which we included partial respondents
by using multiple imputation, confirmed that older age was
associated with higher FJS-12 values, as previously reported.

This study has some limitations. First, only 63.9% of the
patients who received the FJS-12 questionnaire replied and were
analyzed. Second, radiographic evaluations were not performed.
Third, multiple imputation models other than PMM were not
investigated.

Previous reports44,45 indicated that if >10% of study
participants had missing data, maximal effort was required to
avoid bias during analysis2,15. While there are approaches to
develop PROMs tailored to each population to avoid missing
values, the use of a myriad of PROMs makes comparisons
between studies difficult1. It is necessary to establish a core set
of PROMs for comprehensive evaluation and surgical decision-
making, including PROMs for those with different lifestyles, by
considering missing values (i.e., why patients may fail to
respond to particular items). Furthermore, we need to recog-
nize the types of movements required for different patient
populations and provide patients with information on the
extent to which these movements could be achieved after
surgery.

In conclusion, analyzing only complete FJS-12 re-
sponses after THA in an Asian cohort resulted in a nonre-
sponse bias that preferentially excluded older, female, and
less active individuals and those who preferred the tradi-
tional floor living style. Missing values, which are not just
gaps in the data set, may have clinical importance, and that
should be illuminated. As indicated by our findings, patients
who do not complete all questions might have worse out-
comes in general. Multiple imputation could be used as one
solution for including partial respondents, who may have
different lifestyle or functional needs, in the scoring and
analysis of PROMs.
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