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Abstract

Purpose The purpose of this study was to test for differences between patient-reported outcome measures (PROMs) at 1
and 2 years following total hip (THA) or knee (TKA) arthroplasty.

Methods Between 2015 and 2016, n=469 and n=414 patients underwent THA and TKA, respectively. Demographic and
PROMs data were collected at 1 and 2 years post-operatively. PROMs included Veterans Rand 12-item (VR-12), Hip Injury
and Osteoarthritis Outcomes Score (HOOS) Pain subscore, HOOS-Physical Function Short-form (HOOS-PS), Knee Injury
and Osteoarthritis Outcomes Score (KOOS) Pain subscore, and KOOS-Physical Function Short-form (KOOS-PS). Paired t
tests assessed differences between groups. N =298 (65.8%) and n =240 (64%) patients followed-up at 1 year, and 205 (72%
of 1-year responders) and 174 (76%) at 2 years in the THA and TKA cohorts, respectively.

Results No statistically significant differences were observed between 1 and 2 years for HOOS pain (p =0.445), HOOS-PS
(p=0.265), VR-12 PCS (p=0.239), VR-12 MCS scores (p =0.342) in THA and TKA cohorts [KOOS pain (p =0.242),
KOOS-PS (p=0.088), VR-12 PCS (p <0.2757), VR-12 MCS scores (p <0.075)]. There were statistically significant baseline
differences between responders and non-responders (patients lost to follow-up), but differences were small and not clinically
relevant. PROMs were not significantly different between 1- and 2-year time points for THA and TKA. Minimal demographic
or baseline differences between responders and non-responders suggest a representative sample.

Conclusion These data support a minimum follow-up of 1 year for studies with PROMs as the primary outcome variable
following THA and TKA.

Keywords Total knee arthroplasty - Total hip arthroplasty - Patient-reported outcomes - Follow-up - Clinical outcomes
study

Introduction

In 2016, the Comprehensive Care for Joint Replacement
(CJR) bundled payment model incentivized the voluntary
use of patient-reported outcome measures (PROMs) by
hospitals following total hip (THA) and knee arthroplasty
(TKA) [1]. As the Centers for Medicaid and Medicare Ser-
vices (CMS) contain costs associated with these two most
commonly billed Medicare inpatient surgical procedures,
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incorporation of PROMs in the bundled payment model
represents a shift from “fee-for-service” to “pay-for per-
formance” model of reimbursement [2, 3]. Utilization and
research associated with PROMs has increased accordingly
and can be expected to continue as payment models transi-
tion to mandate reporting of these metrics.

Recent studies have reported methods facilitating relevant
and cost-effective data collection to report on short-term
outcomes after orthopaedic procedures [4—6]. The arbitrary
2-year follow-up rule enforced by many orthopaedic journals
in reporting clinical outcomes after total joint arthroplasty
has been questioned. The International Society of Arthro-
plasty Registries Working Group’s “best practices” recom-
mendations for reporting PROMs, including data collection
immediately before and up to 1 year post-operatively with
a 60% threshold for acceptable follow-up, was supported
[7]. Furthermore, as large prospective studies and national
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registries are used for sample size to adequately power clini-
cal outcomes studies, a minimum 2-year follow-up is cost
prohibitive in this patient population.

The purpose of this study was to test for differences
between PROMs collected at 1 and 2 years following
THA and TKA, using a prospective data outcome collec-
tion system at a single, large, academic healthcare system.
We hypothesized PROMs obtained at 1 year would not
be significantly different from those obtained at 2 years
post-operatively.

Methods
Patients

Details regarding our institution’s data collection system
(referred to as CC-OME) have been previously reported [8,
9]. Patients enrolled in CC-OME who underwent THA or
TKA from July of 2015 to June of 2016 were included in
this study. CC-OME utilizes the Research Electronic Data
Capture (REDCap) database for data storage and HIPAA
compliance [8]. Clinical, demographic, and PROMs data
were collected at 1 and 2 years post-operatively. The THA
and TKA cohorts were analyzed and reported separately.
The average response time for assessments was 417 days
(+57) for 1 year and 898 days (+ 105) for 2 years.

There were n =486 THAs performed during the study
time period. Exclusion criteria encompassed revision, con-
tralateral arthroplasty, death, inability to complete PROMs
questionnaires, or missing pre- and/or post-operative data.
For the THA cohort, n =469 patients were enrolled and
baseline PROMs were collected (Fig. 1a). Of these, n=12
patients underwent revision, n=13 had a contralateral
arthroplasty, and n =1 patient died prior to 1-year follow-
up and were excluded. N= 145 patients (30.9%) were lost
to follow-up at 1-year, leaving n =298 patients in the THA
cohort with 1 year PROMs. Of these patients, n =7 patients
underwent revision, n=35 had a contralateral arthroplasty,
and n=1 patient died prior to 2-year follow-up and were
further excluded. Between 1 and 2 years n=_80 patients were
lost to follow-up, leaving n =205 patients with responses for
both 1- and 2-year follow-up time points.

There were n =419 TKAs performed at the institu-
tion during the study period (July 2015-June 2016). The
TKA cohort included n =414 patients from whom base-
line PROMs were collected (Fig. 1b). Of these, n=10
underwent revision, n =25 had contralateral arthroplasty,
and n =4 patients died prior to the 1-year follow-up and
were excluded. An additional n =135 patients were lost to
follow-up at 1-year (32.6%), leaving n =240 in the TKA
cohort with 1 year PROMs. Of these patients, n =3 had
revision, n=7 had contralateral arthroplasty, and n=3
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patients died prior to 2-year follow-up and were further
excluded. Between 1 and 2 years n =153 patients were lost
to follow-up, leaving n =174 patients with both 1- and
2-year follow-up responses.

PROMs

PROMs selected for this study were Veterans Rand 12-Item
Health Survey (VR-12) scores for both THA and TKA
cohorts [10, 11], the Hip Disability and Osteoarthritis Out-
come Score (HOOS) [12] Pain subscale, the HOOS-Physical
Function Short-form (PS) for THA cohort, and the Knee
Injury and Osteoarthritis Outcome Score (KOOS) Pain sub-
scale and the KOOS-PS for TKA cohort [13]. The VR-12
is a health-related quality of life assessment which encom-
passes eight scales (vitality, physical functioning, bodily
pain, general health perceptions, physical role functioning,
emotional role functioning, social role functioning and men-
tal health) and two summary measures: Physical Component
Summary (PCS) and Mental Component Summary (MCS)
[14]. The VR-12 is included in the Medicare Health Out-
comes Surveys, which has sampled Medicare beneficiaries
since 1998 [15]. Use of the VR-12 has been specifically
recommended by the CMS as a validated, non-proprietary
and relatively short instrument, and is included in the CJR
Bundled Payment Model [16].

With regards to disease-specific instruments, the HOOS
pain subscale was utilized for the THA cohort given the
extensive validation of the HOOS questionnaire for patients
with hip osteoarthritis [17]. Currently, the HOOS question-
naire is the only CMS-recommended hip-specific outcome
measure [18]. Similarly, for the TKA cohort, the KOOS pain
subscale was utilized as it has been extensively validated
for knee osteoarthritis [19, 20] and is the only knee-specific
CMS-recommended outcome measure, particularly the pain
subscale [16]. Regarding measures of function, HOOS and
KOOS physical function short-forms (PS) were utilized in
lieu of full HOOS activities of daily living subscale and
KOOS sports and recreation subscale to decrease respond-
ent burden and eliminate redundant items. The HOOS-PS
and KOOS-PS are validated shorter versions of the HOOS
activities of daily living subscale and the KOOS sports and
recreation subscale and have demonstrated similar construct
validity and responsiveness [13].

To address the potential selection bias created by the
loss of follow-up in both THA and TKA cohorts between
baseline and 1-year follow-up (Tables 1 and 2), and again
between baseline and 2-year follow-up (Tables 3 and 4),
demographic and clinical variables as well as PROMs were
compared between patients who were lost to follow-up (i.e.,
non-responders) and those who were not lost to follow-up
(i.e., responders).
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Fig. 1 a Strobe Diagram for A
THA cohort. b Strobe Diagram Primary THA, July 2015
for TKA cohort through June 2016 enrolled
e O:‘I =E 4(-:60;1 ok Exclusions © Ipsilateral revision (n =12)
n=171 ¢ Contralateral surgery (n=13)
® Mortality (n = 1)
'L ® Lostto follow-up (n = 145)
THA cohort with 1Y
PROMs
n =298
f Exclusions® Ipsilateral revision (n =7)
n=93 ® Contralateral surgery (n=5)
® Mortality (n = 1)
THA cohort with 2Y ® Lostto follow-up (n = 80)
PROMs
n =205
B
Primary TK4, July 2015
through June 2016 enrolled
in OME cohort
n=414
Exclusions ® Ipsilateral revision (n = 10)
n=174 ¢ Contralateral surgery (n=25)
® Mortality (n = 4)
® Lostto follow-up (n = 135)
TKA cohort with 1Y
PROMs
n =240
‘( Exclusions® Ipsilateral revision (n = 3)
| n=66 ¢ Contralateral surgery (n=7)
e Mortality (n = 3)
TKA cohort with 2Y ¢ Lostto follow-up (n = 53)
PROMs
n=174
Statistics patient was assigned the “Worse” category; changes in score

Analyses were done separately for THA and TKA out-
comes. T tests were used to analyze continuous variables
and Pearson Chi-square tests to analyze categorical vari-
ables. Patients were sorted into groups according to year-
to-year change. If score increased by the minimal clinically
important difference (MCID) (Table 5) [6, 17, 21] or more
from year 1 to year 2, the patient was assigned the “Bet-
ter” category. If score decreased by the MCID or more, the

less than the MCID were considered “No Change.” Paired
t tests were used to test for difference between year 1 and
year 2 values. Multivariate Imputation by Chained Equations
(MICE) via the R package mice was used to fill in outcome
data for patients lost to follow-up at either 1 or 2 years, and
paired t test results for the multiply imputed dataset were
presented with the t test of the available data. Rubin’s Rule
was used to pool the results of the multiple imputation data
tests.
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Table 1 Comparison

of preoperative total

hip arthroplasty patient
demographics, characteristics,
and patient-reported outcomes
for responders and non-
responders at 1 year post-
operative

Table2 Comparison of
preoperative total knee
arthroplasty patient
demographics, characteristics,
and patient-reported outcomes
for responders and non-
responders at 1 year post-
operative

Variable Responders (n=298) Non-responders p value
(n=171)

Patient-related risk factors

Age at surgery 64.8 (11.0) 66.6 (11.5) 0.101

Gender Male 149 (50.0%) 79 (46.2%) 0.486
Female 149 (50.0%) 92 (53.8%)

Race: White 256 (85.9%) 146 (85.4%) 0.984
Nonwhite 42 (14.1%) 25 (14.6%)

BMI at surgery 28.1 (5.57) 28.7 (5.24) 0.218

Years of education 14.9 (3.35) 14.0 (3.14) 0.003

Smoking status: Never 153 (51.3%) 95 (55.6%) 0.433
Ever 145 (48.7%) 76 (44.4%)

HOOS pain 34.9 (15.9) 31.7 (16.8) 0.044

HOOS-PS 53.9 (19.0) 56.2 (21.5) 0.250

VR12 PCS 27.0 (8.25) 25.9 (7.80) 0.146

VR12 MCS 49.8 (12.5) 45.7 (14.0) 0.001

Variable Responders (n=240) Non-responders p value

(n=174)

Patient-related risk factors

Age at surgery 67.3 (7.51) 67.5(9.92) 0.867

Gender Male 102 (42.5%) 70 (40.2%) 0.718
Female 138 (57.5%) 104 (59.8%)

Race: White 201 (83.8%) 122 (70.1%) 0.001
Nonwhite 39 (16.2%) 52 (29.9%)

BMI at surgery 30.4 (5.50) 31.6 (5.97) 0.038

Years of education 14.2 (2.82) 13.4 (3.93) 0.018

Smoking status: Never 134 (55.8%) 106 (60.9%) 0.350
Ever 106 (44.2%) 68 (39.1%)

KOOS pain 37.6 (16.1) 359 (17.1) 0.308

KOOS-PS 55.1 (17.5) 60.2 (18.5) 0.004

VR12 PCS 27.3 (7.26) 26.0 (7.97) 0.092

VR12 MCS 48.6 (13.1) 46.6 (13.9) 0.138

BMI body mass index, HOOS Hip i
function shortform, VR-12 Veterans
nent score, KOOS Knee injury and os
form

Continuous variables were summarized with mean and
standard deviation (SD), and categorical variables were
summarized with frequency (%). T tests were used to ana-
lyze continuous variables and Pearson Chi-square tests
were used to analyze categorical variables. The analysis
was done in R using the “Hmisc”, “tidyverse”, “rms”,
“compareGroups”, and “equivalence” packages. P values

less than 0.05 were considered statistically significant.
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njury and osteoarthritis outcomes score, HOOS-PS HOOS physical
Rand 12-item, PCS physical component score, MCS mental compo-
teoarthritis outcomes score, KOOS-PS KOOS physical function short-

Results
THA cohort
Mean HOOS pain scores at 1 and 2 years were 90.6

(13.3) and 90.0 (14.7), respectively. Most patients had
no change or improved HOOS pain (n=179; 87.3%)
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Table3 THA Summary by

Cohort. Year 2 vs All Lost to Variable Cohort with year 2 Lost to FU (241) p value
, PROMS (205)
FU
Patient-related risk factors
Age at surgery 64.8 (11.1) 65.9 (11.4) 0.293
Gender Male 101 (49.3%) 115 (47.7%) 0.817
Female 104 (50.7%) 126 (52.3%)
Race White 180 (87.8%) 201 (83.4%) 0.239
Nonwhite 25 (12.2%) 40 (16.6%)
BMI at surgery 28.0 (5.81) 28.5 (5.16) 0.390
Years of education 15.1 (3.14) 14.1 (3.22) 0.001
Smoking status: Never 109 (53.2%) 126 (52.3%) 0.927
Ever 96 (46.8%) 115 (47.7%)
HOOS pain 36.1 (15.9) 31.9 (16.8) 0.007
HOOS function 52.7 (18.1) 56.2 (21.6) 0.057
VRI12 PCS 27.2 (7.90) 25.9 (8.36) 0.085
VR12 MCS 49.8 (12.3) 47.5(13.8) 0.056
Table 4 TKA Summary by Variable Cohort with year 2 Lost to FU (212) p-value
Cohort, year 2 vs all lost to FU PROMS (174)
Patient-related risk factors
Age at surgery 66.9 (7.57) 67.6 (9.32) 0.440
Gender Male 77 (44.3%) 83 (39.2%) 0.364
Female 97 (55.7%) 129 (60.8%)
Race: White 153 (87.9%) 149 (70.3%) <0.001
Nonwhite 21 (12.1%) 63 (29.7%)
BMI at surgery 30.5 (5.59) 31.5 (5.85) 0.098
Years of education 14.4 (2.66) 13.2 (3.80) <0.001
Smoking status: Never 94 (54.0%) 130 (61.3%) 0.180
Ever 80 (46.0%) 82 (38.7%)
KOOS Pain 38.5 (16.3) 354 (16.4) 0.064
KOOS Function 53.9(17.3) 59.9 (18.6) 0.001
VR12 PCS 27.1(7.43) 26.5 (7.61) 0.469
VR12 MCS 50.2 (12.9) 45.7 (13.4) 0.001
2 years post-operative compared to the 1-year measures  TKA cohort

(Table 5), and showed no statistically significant differ-
ence (p=0.445) (Table 6). Similarly, no significant dif-
ferences were found between 1 and 2 years for HOOS-PS
scores (p=0.265), VR-12 PCS (p =0.239), and VR-12
MCS scores (p =0.342) (Table 6). Baseline comparisons
between responders and non-responders at 1 year dem-
onstrated non-responders tended to have fewer years of
education (p =0.003), lower HOOS pain (p =0.044), and
lower VR-12 MCS scores (p =0.001) (Table 1). Compari-
sons between responders and non-responders at 2 years
showed again non-responders had fewer years of education
(p=0.001) and lower HOOS pain (p =0.007) at baseline
(Table 3).

Mean KOOS pain scores at 1 and 2 years were 83.8 (16.8)
and 85.0 (18.5), respectively. Most patients had no change or
improved KOOS pain (n=145; 83.3%) at 2 years post-opera-
tive compared to the 1-year measures (Table 5), with no sta-
tistically significant difference (p =0.242) (Table 6). Similarly,
no significant differences were found between 1 and 2 years for
KOOS-PS scores (p=0.0.088), VR-12 PCS (p=0.275), and
VR-12 MCS scores (p=0.0.075) (Table 6). Baseline compari-
son between responders and non-responders at 1 year showed
the non-responder group had a higher percentage of patients
who were nonwhite (p=0.001), had higher BMI (p=0.038),
less education (p=0.018), and higher KOOS-PS (»p =0.004)
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Table 5 Patient-reported outcome measure changes from 1 year to
2 years post-operative

Measure MCID Worse No change Better

Total hip arthroplasty (N=205)

HOOS pain 9 26 (12.68%) 153 (74.63%) 26 (12.68%)
HOOS-PS 9 32 (15.61%) 152 (74.15%) 21 (10.24%)
VRI2PCS 5 50 (24.39%) 113 (55.12%) 42 (20.49%)
VRI2ZMCS 5 53 (25.85%) 107 (52.2%) 45 (21.95%)
Total knee arthroplasty (N=174)

KOOS pain 8 29 (16.67%) 104 (59.77%) 41 (23.56%)
KOOS-PS 9 42, (24.14%) 105, (60.34%) 27, (15.52%)
VRI2ZPCS 5 36 (20.69%) 94 (54.02%) 44 (25.29%)
VRI2ZMCS 5 50 (28.74%) 88 (50.57%) 36 (20.69%)

MCID minimum clinically important difference, HOOS Hip injury
and osteoarthritis outcomes score, HOOS-PS HOOS physical func-
tion shortform, VR-12 Veterans Rand 12-item, PCS physical com-
ponent score, MCS mental component score, KOOS Knee injury and
osteoarthritis outcomes score, KOOS-PS KOOS physical function
shortform

Table 6 Hypothesis test results

Measure Paired ¢ test p value Multiply
imputed ¢ test p
value

Total hip arthroplasty (N=205) (N=424)

HOOS pain 0.445 0.589

HOOS-PS 0.265 0.017

VR12 PCS 0.239 0.916

VR12 MCS 0.342 0.542

Total knee arthroplasty (N=174) (N=355)

KOOS pain 0.242 0.963

KOOS-PS 0.088 0.367

VR12 PCS 0.275 0.975

VR12 MCS 0.075 0.194

HOOS Hip injury and osteoarthritis outcomes score, HOOS-PS
HOOS physical function shortform, VR-12 Veterans Rand 12-item,
PCS physical component score, MCS mental component score, KOOS
Knee injury and osteoarthritis outcomes score, KOOS-PS KOOS
physical function shortform

(Table 3). The comparison at 2 years revealed the non-
responder group was again composed of patients with a higher
proportion of nonwhite ethnicity (p <0.001), fewer years of
education (p <0.001), higher baseline KOOS-PS (p=0.001)
and lower baseline VR-12 MCS (p=0.001) (Table 4).
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Discussion

This prospective observational study longitudinally
assessed PROMsafter primary THA and TKA at 1 and
2 years post-operative. The main finding of the study
was no statistically significantly differences were found
between 1 and 2 years in all subscales analyzed (HOOS
pain, HOOS-PS, KOOS pain, KOOS-PS, VR-12 PCS,
VR-12 MCS). The majority of patients experienced no
change, or improvement, in joint-specific PROMs at
2 years compared to the 1-year measures, indicating that
little additional information is gained from the added time
and cost invested in the subsequent patient follow-up year.

The high cost associated with conducting large prospec-
tive studies sufficiently powered to identify individual risk
factors related to any type of orthopaedic surgery has led
to major deficiencies in identifying modifiable predictors
of outcomes. A recent systematic review of PROMs col-
lection in the setting of orthopaedic procedures revealed
only four surgeries are represented with a minimum of
1000 cases: THA, TKA, anterior cruciate ligament (ACL)
reconstruction and hip fracture surgery [8]. Strategies
related to lowering costs and improving efficiency and
reproducibility of clinical outcomes studies are, therefore,
vital to improve value in healthcare. In accordance with
a recently reported meta-analysis [4], the findings of the
present study suggest that PROMs for pain and function
following primary THA and TKA did not change between
the 1- and 2-year follow-up mark. For short-term outcome
studies in which PROMs are the primary outcome vari-
able, our data suggest that there might not be an additional
value in collecting VR-12, HOOS and KOOS Pain and PS
scores beyond the 1-year time point. For studies in which
implant survivorship is the primary outcome variable,
longer term follow-up would still be required and even
the arbitrary minimum follow-up mark of 2 year might
not be sufficient. With the development of evidence-based
approaches in clinical research, minimum follow-up peri-
ods required by journals will likely be determined by the
outcome (PROMs, implant failure, infection rates, revision
risk, among others) for which the study is powered.

In a meta-analysis including six THA and nine TKA
outcome studies, Ramkumar et al. [4] tested for equiva-
lence between PROMs collected at 1 and 2 years post-oper-
atively. No statistically significant difference was found
for the four most commonly reported PROMs, the Harris
Hip Scores (p=0.22), Short Form (SF) scores (including
SF-12, SF-36 and SF-6D) (p =0.94), Western Ontario and
McMaster Universities index (WOMAC) (p =0.49), and
Knee Society Score (p =0.13) [4] at these two time points.
This study, however, included mostly level IIT and IV data,
which attests for the paucity of higher quality prospective
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cohort studies reporting on changes on PROMs between 1
and 2 years after THA and TKA.

Loss of follow-up was a major concern in this study. A
similar study comparing outcomes of ACL reconstruction
at 1 and 2 years utilizing the Swedish National Ligament
Register had a 70% loss of follow-up rate [5], inherent of
large registry database studies. To address potential selec-
tion bias related to this in our study, we analyzed baseline
characteristics of patients who were lost to follow-up with
those who were not lost to follow-up between baseline and
1 year, and 1 and 2 years and reported differences (Tables 1,
2 and 3, 4). While statistically significant, these differences
in PROMs were not clinically significant. The baseline dif-
ferences seen in HOOS pain, KOOS-PS, and VR-12 MCS
between responders and non-responders at 2 years were
below MCID for each specific score and, therefore, not clini-
cally relevant. Two other studies have reported none or small
differences below the minimal clinically detectable change
in KOOS between responders and non-responders at 1 and
2 year follow-up [22, 23], which supports minimal selection
bias in the present study. If the lost to follow-up population
were to increase with later time points and if this popula-
tion were associated with poorer outcomes, results could
be improperly skewed to demonstrate improvement when
there is none, thus highlighting a need for an evidence-based
minimum follow-up period. A ceiling effect may also have
contributed to the absence of statistical difference between
PROMs obtained at 1 and 2 years post-operatively. While
there are very few reports of ceiling effect on both HOOS
and KOOS [17, 21], this is a common limitation to all stud-
ies including these PROMs and would not affect the conclu-
sions of our findings.

Significant differences were found in education level
between those who were lost to follow-up and those who
were not between baseline and 1 year, and 1 year and 2 year
(Tables 1, 2 and 3, 4). As follow-up involves patients fill-
ing out extensive questionnaires, a limitation may exist
in that patients find these questionnaires too demanding
and be unwilling to participate. Another limitation of this
study is the relatively small sample size, which was not
large enough to reliably analyze the subset of patients who
either improved or worsened between the 1- and 2-year time
points. This information would be valuable in identifying
predictors of functional decline after 1 year and enable clini-
cians to detect patients who would benefit from early follow-
up and intervention. It should also be noted that the results
presented here only apply to the PROMs included, and do
not apply to complications, survivorship, etc. Lastly, while
there was no statistical difference in VR-12 PCS and MCS
between 1 and 2 years post-operatively, a larger percentage
of patients in both the THA and TKA cohorts experienced
worsening of those scores compared to the joint-specific out-
come measures. This finding indicates that general health

measure may not necessarily correlate with hip and knee
function between years 1 and 2 post-operatively and future,
larger studies may be required to appropriately assess how
these measures fluctuate after THA and TKA.

Clinical outcomes research is paramount in driving treat-
ment decisions and allocating healthcare resources appropri-
ately [24]. Identifying modifiable patient-related risk factors
pre-operatively can improve patient care, optimize functional
outcomes, and decrease healthcare costs. Minimum follow-
up periods for clinical outcomes studies should be tailored
to specific primary outcome variables of interest. Further-
more, this should be established based on how specific out-
come variables fluctuate over time following intervention.
For studies in which PROMs are the primary outcome vari-
able in patients who did not undergo revision surgery, our
study supports that a minimum follow-up period of 1 year
is adequate as no significant differences were found from
2-year measures. Additional advantages to using PROMs at
1 year include decreased rates of loss to follow-up compared
to 2 years, as well as reduced cost of implementation, which
is more sustainable to healthcare providers.

Acknowledgements The Cleveland Clinic OME Arthroplasty Group
consists of: Marcelo BP Siqueira, MD?; Peter A Surace, MD?; Wael K.
Barsoum, MD?; Isaac Briskin, MAP; Carlos A Higuera Rueda, MD?
Atul F. Kamath, MD?; Alison K Klika, MS?; Melissa N Orr, BS? ; Brian
M Leo, MDS; Preetesh D. Patel, MD?; Jordan Patterson, BSY; Kurt P
Spindler, MD® Amy Shuster, BS%: Gregory J Strnad, MS®; Juan Suarez,
MD¢, Robert Zaas, BA; Nicolas S Piuzzi, MD? *Cleveland Clinic
Department of Orthopaedic Surgery, 9500 Euclid Avenue, Cleveland,
OH 44195, USA. *Cleveland Clinic Department of Quantitative Health
Sciences, 9620 Carnegie Avenue, Cleveland, OH 44106. “Cleveland
Clinic Florida, 2950 Cleveland Clinic Blvd. Weston, FL 33331, USA.
d0hio University Heritage College of Osteopathic Medicine, 35 W
Green Dr, Athens, OH 45701 USA. °Cleveland Clinic Orthopaedic
Sports Health, 5555 Transportation Blvd., Garfield Heights, OH 44125
USA. fCase Western Reserve University School of Medicine, 10900
Euclid Ave., Cleveland, OH 44106 USA. Thank you to the Cleveland
Clinic orthopaedic patients, staff, and research personnel whose efforts
related to regulatory, data collection, subject follow-up, data quality
control, analyses, and manuscript preparation have made this consor-
tium successful. Also thank you to Brittany Stojsavljevic, editor assis-
tant, Cleveland Clinic Foundation, with editorial management.

Funding There is no funding source.

Compliance with ethical standards

Conflict of interest Dr. Bogliolo Piancastelli Siqueira has nothing to
disclose. Dr. Surace has nothing to disclose. Dr. Barsoum reports per-
sonal fees from DJO, personal fees from Stryker, personal fees from
Zimmer, personal fees from Orthosensor, other from Custom Ortho-
paedic Solutions, other from PeerWell, other from Capsico Health, per-
sonal fees from Exactech, personal fees from Arthrex, other from Be-
yond Limits, other from Sight Medical, other from PT Genie, outside
the submitted work. Mr. Briskin reports personal fees from CHEST
Journal, outside the submitted work. Dr. Higuera reports grants from
Stryker, grants and personal fees from KCI, grants from Ferring Phar-
maceuticals, grants from CD Diagnostics, grants from OREF, grants

@ Springer



2128

Archives of Orthopaedic and Trauma Surgery (2022) 142:2121-2129

from Orthofix, grants from Lyfstoine, grants from Zimmer Biomet,
outside the submitted work. Dr. Kamath reports personal fees and
other from DePuy Synthes, personal fees and other from Zimmer Bi-
omet, outside the submitted work. Ms. Klika has nothing to disclose.
Ms. Orr has nothing to disclose. Dr. Leo reports other from Zimmer
Biomet, outside the submitted work. Dr. Patel reports personal fees
from Stryker, personal fees from Zimmer-Biomet, outside the submit-
ted work. Mr. Patterson has nothing to disclose. Dr. Spindler reports
grants from NIH/NIAMS RO1 AR053684, grants from NIH/NIAMS
RO1 AR074131, grants from NIH/NIAMS RO1 AR075422-01, other
from NFL, other from Service Excellence, other from Mitek, other
from Flexion Therapeutics, other from Samumed, other from Novo-
peds, outside the submitted work. Ms. Shuster has nothing to disclose.
Mr. Strnad has nothing to disclose. Dr. Suarez reports other from Corin
USA, other from Depuy Orthopedics, outside the submitted work. Mr.
Zaas has nothing to disclose. Dr. Piuzzi reports other from ISCT, other
from Orthopaedic Research Society, other from Zimmer, outside the
submitted work.

Ethical approval This study was approved under Cleveland Clinic IRB
#06-196.

References

1. Cizmic Z, Novikov D, Feng J, Iorio R, Meftah M (2019) Alterna-
tive payment models in total joint arthroplasty under the afford-
able care act. JBJS Rev 7(3):e4. https://doi.org/10.2106/JBJS.
RVW.18.00061

2. Squitieri L, Bozic KJ, Pusic AL (2017) The role of patient-
reported outcome measures in value-based payment reform. Value
Heal 20(6):834-836. https://doi.org/10.1016/j.jval.2017.02.003

3. Zusman EE (2012) Hcahps replaces press ganey survey as quality
measure for patient hospital experience. Neurosurgery 71(2):N21-
N24. https://doi.org/10.1227/01.neu.0000417536.07871.ed

4. Ramkumar PN, Navarro SM, Haeberle HS, Ng M, Piuzzi NS,
Spindler KP (2018) No difference in outcomes 12 and 24 months
after lower extremity total joint arthroplasty: a systematic review
and meta-analysis. J Arthroplasty 33(7):2322-2329. https://doi.
org/10.1016/j.arth.2018.02.056

5. Samuelsson K, Magnussen RA, Alentorn-Geli E et al (2017)
Equivalent knee injury and osteoarthritis outcome scores 12 and
24 months after anterior cruciate ligament reconstruction: results
from the swedish national knee ligament register. Am J Sports
Med 45(9):2085-2091. https://doi.org/10.1177/036354651770287
1

6. Lyman S, Lee YY, McLawhorn AS, Islam W, MacLean CH
(2018) What are the minimal and substantial improvements in the
HOOS and KOOS and JR versions after total joint replacement?
ClinOrthopRelat Res 476(12):2432-2441. https://doi.org/10.1097/
CORR.0000000000000456

7. Rolfson O, Bohm E, Franklin P et al (2016) Patient-reported out-
come measures in arthroplasty registries: Report of the patient-
reported outcome measures working group of the international
society of arthroplasty registries Part II. Recommendations for
selection, administration, and analysis. Acta Orthop. 87:9-23.
https://doi.org/10.1080/17453674.2016.1181816

8. Cleveland O, Piuzzi NS, Strnad G et al (2019) Implementing a sci-
entifically valid, cost-effective, and scalable data collection system
at point of care: the cleveland clinic OME cohort. J Bone Joint
Surg Am 101:458-464. https://doi.org/10.2106/J1BJS.18.00767

9. Piuzzi NS, Strnad GJ, SakrEsa WA, Barsoum WK, Bloom-
field MR, Brooks PJ, Higuera-Rueda CA, Joyce MJ, Kattan
MW, Klika AA, Krebs V, Mesko NW, Mont MA, Murray TG,

@ Springer

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

Muschler GF, Nickodem RIJ, Patel PD, Schaffer JL, Spindler
KP, Stearns KL, Suarez JC, Zajichek A (2019) The main pre-
dictors of length of stay after total knee arthroplasty: patient-
related or procedure-related risk factors. ] Bone Joint Surg Am
101(12):1093-1101. https://doi.org/10.2106/JBJS.18.00758
Kazis LF, Miller DR, Clark JA et al (2004) Improving the
response choices on the veterans SF-36 health survey role func-
tioning scales: Results from the veterans health study. J] Ambul
Care Manage 27(3):263-280. https://doi.org/10.1097/00004
479-200407000-00010

Kazis LE, Miller DR, Skinner KM et al (2006) Applications of
methodologies of the veterans health study in the VA health-
care system: conclusions and summary. J] Ambul Care Man-
age 29(2):182-188. https://doi.org/10.1097/00004479-20060
4000-00011

Kldssbo M, Larsson E, Mannevik E (2003) Hip disability and
osteoarthritis outcome score: An extension of the western
ontario and mcmaster universities osteoarthritis index. Scand J
Rheumatol 32(1):46-51. https://doi.org/10.1080/0300974031
0000409

Davis AM, Perruccio AV, Canizares M et al (2009) Comparative,
validity and responsiveness of the HOOS-PS and KOOS-PS to
the WOMAC physical function subscale in total joint replace-
ment for Osteoarthritis. OsteoarthrCartil 17(7):843-847. https://
doi.org/10.1016/j.joca.2009.01.005

Boston University School of Public Health. VR-36, VR-12 and
VR-6D. Boston: Boston University; Available at: https://www.
bu.edu/sph/about/departments/health-law-policy-and-manag
ement/research/vr-36-vr-12-and-vr-6d/ Accessed May 20, 2019

. Centers for Medicare & Medicaid Services. Health Outcomes Sur-

vey (HOS). Available at: https://www.cms.gov/Research-Statistics
-Data-and-Systems/Research/HOS/index.html Accessed May 20,
2019

Patient-Reported Outcomes Summit for Total Joint Arthroplasty
Report (2015) Double Tree by Hilton Baltimore North-Pikesville
(August 31.J Arthroplast 30:1860—1862

Nilsdotter A, Bremander A (2011) Measures of hip function and
symptoms: harris hip score (HHS), hip disability and osteoar-
thritis outcome score (HOOS), oxford hip score (OHS), lequesne
index of severity for osteoarthritis of the hip (LISOH), and
american academy of orthopedic surgeons. Arthritis Care Res
63(S11):S200-S207. https://doi.org/10.1002/acr.20549

Centers for Medicare & Medicaid Services. Measure Methodol-
ogy. Available at: https://www.cms.gov/Medicare/Quality-Initi
atives-Patient-Assessment-Instruments/HospitalQualityInits/
Measure-Methodology.html. Accessed May 20, 2019

Roos H, Laurén M, Adalberth T, Roos EM, Jonsson K, Lohm-
ander LS (1998) Knee osteoarthritis after meniscectomy: preva-
lence of radiographic changes after twenty-one years, compared
with matched controls. Arthritis Rheum 41(4):687—693. https://
doi.org/10.1002/1529-0131(199804)41:4%3c687:: AID-ART16
%3e3.0.CO;2-2

Roos EM, Toksvig-Larsen S (2003) Knee injury and osteoarthri-
tis outcome score (KOOS) - Validation and comparison to the
WOMAC in total knee replacement. Health Qual Life Outcomes
1:17. https://doi.org/10.1186/1477-7525-1-17

Collins NJ, Misra D, Felson DT, Crossley KM, Roos EM (2011)
Measures of knee function: international knee documentation
committee (IKDC) subjective knee evaluation form, knee injury
and osteoarthritis outcome score (KOOS), knee injury and osteo-
arthritis outcome score physical function short form (KOOS-PS).
Knee Ou Arthritis Care Res 63(S11):S208-S228. https://doi.
org/10.1002/acr.20632

Reinholdsson J, Kraus-Schmitz J, Forssblad M, Edman G,
Byttner M, Stdlman A (2017) A non-response analysis of 2-year
data in the Swedish Knee Ligament Register. Knee Surg Sport


https://doi.org/10.2106/JBJS.RVW.18.00061
https://doi.org/10.2106/JBJS.RVW.18.00061
https://doi.org/10.1016/j.jval.2017.02.003
https://doi.org/10.1227/01.neu.0000417536.07871.ed
https://doi.org/10.1016/j.arth.2018.02.056
https://doi.org/10.1016/j.arth.2018.02.056
https://doi.org/10.1177/0363546517702871
https://doi.org/10.1177/0363546517702871
https://doi.org/10.1097/CORR.0000000000000456
https://doi.org/10.1097/CORR.0000000000000456
https://doi.org/10.1080/17453674.2016.1181816
https://doi.org/10.2106/JBJS.18.00767
https://doi.org/10.2106/JBJS.18.00758
https://doi.org/10.1097/00004479-200407000-00010
https://doi.org/10.1097/00004479-200407000-00010
https://doi.org/10.1097/00004479-200604000-00011
https://doi.org/10.1097/00004479-200604000-00011
https://doi.org/10.1080/03009740310000409
https://doi.org/10.1080/03009740310000409
https://doi.org/10.1016/j.joca.2009.01.005
https://doi.org/10.1016/j.joca.2009.01.005
https://www.bu.edu/sph/about/departments/health-law-policy-and-management/research/vr-36-vr-12-and-vr-6d/
https://www.bu.edu/sph/about/departments/health-law-policy-and-management/research/vr-36-vr-12-and-vr-6d/
https://www.bu.edu/sph/about/departments/health-law-policy-and-management/research/vr-36-vr-12-and-vr-6d/
https://www.cms.gov/Research-Statistics-Data-and-Systems/Research/HOS/index.html
https://www.cms.gov/Research-Statistics-Data-and-Systems/Research/HOS/index.html
https://doi.org/10.1002/acr.20549
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/Measure-Methodology.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/Measure-Methodology.html
https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/Measure-Methodology.html
https://doi.org/10.1002/1529-0131(199804)41:4%3c687::AID-ART16%3e3.0.CO;2-2
https://doi.org/10.1002/1529-0131(199804)41:4%3c687::AID-ART16%3e3.0.CO;2-2
https://doi.org/10.1002/1529-0131(199804)41:4%3c687::AID-ART16%3e3.0.CO;2-2
https://doi.org/10.1186/1477-7525-1-17
https://doi.org/10.1002/acr.20632
https://doi.org/10.1002/acr.20632

Archives of Orthopaedic and Trauma Surgery (2022) 142:2121-2129

2129

23.

24.

TraumatolArthrosc 25(8):2481-2487. https://doi.org/10.1007/
s00167-015-3969-x

Rahr-Wagner L, Thillemann TM, Lind MC, Pedersen AB (2013)
Validation of 14,500 operated knees registered in the danish knee
ligament reconstruction register: Registration completeness and
validity of key variables. ClinEpidemiol 5:219-228. https://doi.
org/10.2147/CLEP.S45752

Holve CD, Segal PD, Franklin DC et al (2016) Incorporating
patient-reported outcomes into health care to engage patients and

enhance care. Health Aff 35(4):575-582. https://doi.org/10.1377/
hlthaff.2015.1362

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s00167-015-3969-x
https://doi.org/10.1007/s00167-015-3969-x
https://doi.org/10.2147/CLEP.S45752
https://doi.org/10.2147/CLEP.S45752
https://doi.org/10.1377/hlthaff.2015.1362
https://doi.org/10.1377/hlthaff.2015.1362

	Patient-reported outcomes at 1 and 2 years after total hip and knee arthroplasty: what is the minimum required follow-up?
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patients
	PROMs
	Statistics

	Results
	THA cohort
	TKA cohort

	Discussion
	Acknowledgements 
	References




