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Abstract
Background Despite innovations in THA, there remains a
subgroup of patients who experience only modest pain
relief and/or functional improvement after the procedure.
Although several studies have previously sought to identify
factors before surgery that were associated with achieving
or not achieving a meaningful improvement after THA,
there is no consensus on which factors are most associated;

many studies have relied on single-center or single-country
multicenter studies for their cohorts.
Questions/purposes We sought to identify (1) the pro-
portion of patients who do not achieve a minimum clini-
cally important difference (MCID) in pain and function 1
year after THA, and (2) the preoperative factors that were
associated with not achieving MCIDs in pain and function
1 year after THA.
Methods This retrospective study analyzed data gathered
from a prospective international, multicenter study examining
the long-term clinical outcomes of two different polyethylene
liners and two different acetabular shells. A total of 814
patients from 12 centers across four countries were enrolled in
the study,with thefinal cohort consisting of 594patients (73%)
who all had complete preoperative and 1-year PROMs as well
as a valid preoperative radiograph used to measure minimum
joint space width. The outcomes in this study were achieving
evidence-derivedMCIDs in (1) pain, defined as a reduction of
two points on an 11-point (0 = very little, 10 = worst imag-
inable) numerical rating scale (NRS) for hip-related pain or
reporting a 1 year NRS-pain score of 0, and (2) function,
defined as an increase equal to or greater than 8.3 on the SF-36
Physical Function subscore (range: 0 to 100; 0 = maximum
disability, 100 = no disability) or reporting a 1-year SF-36
Physical Function subscorewithin the 95th percentile of scores
in our cohort. All demographic variables, such as age, sex,
country; surgical factors, including body mass index (BMI),
surgical approach, acetabular liner type, and preoperative
PROMs, were included as covariates in a binary logistic
regression model. We used a backwards stepwise elimi-
nation algorithm to reach the simplest, best-fit model.
Results In the final analysis cohort of 594 patients, 54
patients (9%) did not achieve the MCID in pain and 146
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(25%) patients did not achieve the MCID in physical
function after THA. After controlling for potential con-
founding variables such as age, BMI, and preoperative
PROMs, we found that higher joint space width (odds ratio
(OR) = 2.19; 95% confidence interval (CI) = 1.49–3.22; p <
0.001), lower preoperative SF-36 Mental Component
Summary (MCS) (OR = 0.95; 95% CI = 0.93–0.98; p =
0.001), and female sex (OR = 2.04; 95% CI = 1.08–3.82;
p = 0.027) were associated with failing to achieve a MCID
in pain. It is important to note that the effect size of having a
higher preoperative SF-36 MCS is small, with a 1- or 10-
point increase in SF-36 MCS decreasing the odds of a
patient not achieving the pain MCID by 5% or 63%,
respectively.
In a separate multivariable model, after controlling for
potential confounding variables such as age, BMI, and
preoperative PROMs, we found that higher joint space
width (OR = 1.54; 95% CI = 1.18–2.02; p = 0.002), higher
preoperative Harris hip score (HHS) (OR = 1.01; 95%
CI = 1.00–1.03; p = 0.019) and undergoing surgery in
Scandinavia (OR = 1.73; 95% CI = 1.17–2.55; p = 0.006)
were associated with failing to achieve a MCID in phys-
ical function. It is important to note that the effect size of
having a higher preoperative HHS is very small, with a 1-
or t10-point increase in HHS increasing the odds of not
achieving the physical function MCID by only 1% or
15%, respectively.
Conclusions These findings suggest that surgeons should
counsel patients with high joint space width, female
patients, and patients undergoing surgery in Scandinavia
that they may be much less likely to experience mean-
ingful pain relief or functional improvement after THA,
and in light of that, determine whether indeed surgery
should be postponed or avoided in those patients. Lower
SF-36 MCS score and higher HHS before surgery were
also found to be associated with not achieving MCIDs in
pain and physical function, respectively, after surgery, but
both had relatively small effect sizes. Future prospective
studies may consider exploring the relationship between
less pain relief or functional improvement and the risk
factors identified in this study, such as high joint space
width, to validate our findings and determine if the vari-
ables we identified are truly predictive of worse post-
operative outcomes. Future retrospective studies of
regional or national registry data should use the analysis
methods presented within this study to both identify the
portion of the THA patients who do not achieve a MCID
in pain or physical function after surgery and confirm if
the preoperative risk factors for poor improvement iden-
tified within our international, multicenter cohort are also
found in a larger patient population with more diverse
implants and comorbidities.
Level of Evidence Level III, therapeutic study.

Introduction

A subset of patients who undergo THA have persistent pain,
unsatisfactory functional gains, and incomplete restoration
of quality of life [3, 8]. A common approach to assessing if
the basic aims of THA have been fulfilled is using patient-
reported outcomemeasures (PROMs). As such, PROMs can
help facilitate shared decision-making before a THA and can
offer a meaningful way for patient-centered input to factor
into value determination [5, 16, 17]. Despite their benefits,
however, PROMs can be difficult to interpret because sta-
tistically significant but clinically irrelevant differences be-
tween groups can often be found [30].One proposedmethod
of correcting for this issue is by using a defined minimum
clinically important difference (MCID) to assess improve-
ment in a PROM after an intervention. TheMCID is defined
as the smallest improvement in a PROM that has been de-
termined to be important to patients [26].

Previously, several studies have sought to identify pre-
operative factors that are associated with achieving mean-
ingful improvements in pain or function after THA [7, 9–11,
18, 21, 24]. These studies have found factors correlated with
postoperative PROMs to include age at surgery, body mass
index (BMI), comorbidity burden, mental health, functional
status, and radiographic osteoarthritis severity. There is,
however, no clear consensus on which factors are most
strongly associated with postoperative PROMs and, fur-
thermore, only a few of these studies used aMCID threshold
as an outcome [7, 9, 24]. Of the studies that used aMCID in a
PROM as an outcome, all were either single-center studies
or single-country multicenter studies [7, 24], which may
limit their generalizability.

Therefore, we sought to identify (1) the proportion of
patients who do not achieve a minimum clinically important
difference (MCID) in pain and function 1 year after THA,
and (2) the preoperative factors that were associatedwith not
achieving MCIDs in pain and function 1 year after THA.

Patients and Methods

Study Design and Setting

This retrospective study analyzed data gathered from a
prospective, international multicenter study evaluating
the long-term clinical performance of two acetabular
shells and two polyethylene liners from a single manu-
facturer. The data collected as part of this original study
was well suited for the current retrospective study ex-
amining factors associated with postoperative improve-
ment because the original study: (1) followed a cohort
of patients who received a modern, widely-used implant
system; (2) gathered data from a wide array of countries,
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surgeons, and practice settings; and (3) collected a robust
set of disease-specific and general health PROMs at
both a preoperative and 1-year time point.

All patients underwent THA between 2007 and 2012
and received either a porous titanium-coated (Regenerex®,
Zimmer Biomet, Warsaw, IN, USA) or a plasma-sprayed
(Ringloc®, Zimmer Biomet) acetabular shell paired with
either a vitamin E-diffused polyethylene (E1®, Zimmer
Biomet,) or a moderately-crosslinked polyethylene
(ArComXL®, Zimmer Biomet) acetabular liner. All patients
also received a 32-mm or 36-mm ceramic or cobalt-
chromium femoral head and a cementless Biomet femoral
stem of the surgeon’s choice. Of 814 enrolled study par-
ticipants, 89 (11%) patients received a ceramic head and
24 (3%) patients received a 36-mm femoral head, and all
patients who received either a ceramic head or a 36-mm
head underwent surgery in Scandinavia. The three most
common femoral stems implanted in the 814 enrolled
study participants were the Taperloc (Zimmer Biomet,
Warsaw, IN, USA) (n = 370, 46%), Bimetric HA (Zimmer
Biomet, Warsaw, IN, USA) (n = 239, 29%), and Bimetric
PC (Zimmer Biomet, Warsaw, IN, USA) (n = 162, 20%).
Of the 370 patients who received Taperloc stems, all 370
underwent surgery within the United States. Of the 239
patients who received a Bimetric HA stem, one underwent
surgery in the United States and 238 underwent surgery in
Scandinavia. Of the 162 patients who received a Bimetric
PC stem, one underwent surgery in the United States and
161 underwent surgery in Scandinavia. A total of 814
patients from 12 centers across the United States (n = 398)
and Scandinavia (Denmark, n = 230; Norway, n = 51; and
Sweden, n = 135) were enrolled into this study. All en-
rolled patients were between the ages of 20 and 75 years
and diagnosed with primary osteoarthritis. Of 814 en-
rolled patients, 741 patients (91%) had complete pre-
operative PROMs, 683 patients (84%) had complete
preoperative PROMs and a valid preoperative radiograph,
and 594 patients (73%) had complete preoperative data and
complete 1-year PROMs. Considering those with complete

preoperative data, there was no difference in age (p = 0.688)
or sex (p = 0.080) between those with complete or in-
complete 1-year data, but patients with incomplete 1-year
data had a slightly higher average BMI (31 6 7) than
patients with complete 1- year data (296 5) (p = 0.008). The
final study cohort was representative of the population of
patients eligible for a THA and demonstrated improvements
in all PROMs (p < 0.001) between the preoperative and 1-
year interval (Table 1) with the most pronounced improve-
ments in disease-specific PROMs.

As part of the original study, all patients consented to be
followed with plain radiographs and a set of PROMs pre-
operatively and at the 1-year interval (mean followup time:
1.1 years, range: 0.8–2.5 years). Demographic variables
(age, sex, country), surgical data (procedure performed,
surgical approach, and BMI), and component information
(acetabular shell, acetabular liner, femoral head, and femoral
stem) were reported for each patient at study enrollment.
General health PROMs collected include the Short-Form 36
(SF-36), the EuroQol 5-dimension three-level (EQ-5D), and
the University of California Los Angeles (UCLA) activity
score. Disease-specific PROMs collected include the Harris
hip score (HHS) and a numerical rating scale (NRS) for hip-
related pain. All PROMs were administered on paper in the
local language of each study site. After collection, all data
were anonymized and transferred to an academic contract
research organization (ACRO) at theMassachusetts General
Hospital, Boston, USA, via a secure, web-based portal by all
participating study sites. The original study protocol was
approved by the institutional review board at each respective
study site and at the ACRO. Additional consent was not
required for the present analysis.

Outcomes

The SF-36 is a generic, health-related quality of life metric.
Its 36 items cover eight domains: physical function, role
physical, bodily pain, general health, vitality, social function,

Table 1. Preoperative, 1-year PROM values and median PROM change for all patients in final analysis cohorts

PROM Preoperative value (n = 594) 1-year value (n = 594) PROM change (n = 594) p value

EQ-Index 0.6 (0.2-0.7) 0.9 (0.7-1.0) 0.3 (0.1-0.6) < 0.001

EQ-VAS 70 (54-82) 88 (80-94) 12 (2-26) < 0.001

SF36-MCS 53 (44-60) 58 (52-61) 2.6 (-3-11) < 0.001

SF36-PCS 37 (31-42) 53 (45-57) 13 (8-21) < 0.001

HHS 52 (39-64) 96 (86-100) 39 (27-50) < 0.001

NRS-Pain 6 (4-7) 1 (0-2) -5 (-6–3) < 0.001

UCLA 5 (4-7) 6 (5-7) 1 (0-3) < 0.001

All values presented as median (IQR); groups compared using a Mann-Whitney U test; PROM = patient-reported outcomemeasure;
VAS = visual analog scale; MCS = mental component summary; PCS = physical component summary; HHS = Harris hip score; NRS =
numerical rating scale; UCLA = University of California Los Angeles Activity score.
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role emotional, and mental health. Each domain has a cal-
culated subscore that ranges from 0 to 100, with 0 indicating
maximum disability and 100 indicating no disability, and
also contributes to two summary scores: the Physical Com-
ponent Summary (PCS) and the Mental Component Sum-
mary (MCS) [41].

Patients also completed an 11-point NRS-Pain metric in
response to the question “Indicate your average pain due to
your most recently diagnosed/treated hip during the past
month.” Possible responses ranged from 0 (very little) to 10
(worst imaginable).

Covariates

The EQ-5D is a generic, health-related quality of life in-
strument that evaluates patients in five dimensions: mo-
bility, self-care, usual activities, pain/discomfort, and
anxiety/depression. Each dimension is divided into three
levels and can be summarized as a global health index
with a weighted total value (British value set used) ranging
from -0.594 to a maximum of 1.0 [12, 13]. Additionally,
the EQ-5D also includes a VAS (EQ-VAS) used to repre-
sent general health state that ranges from 0 (worst imag-
inable) to 100 (best imaginable).

The UCLA Activity Score is an instrument that classi-
fies patients’ physical activity on a 0 to 10 scale, with 10
corresponding to a high level of physical activity [33].

The HHS is a joint-specific PROM often used to eval-
uate improvements after THA. The HHS is a composite
measure covering pain and physical function and is scored
on a scale ranging from 0 to 100, with a higher score rep-
resenting improved function and decreased pain [20, 37].

Preoperative AP pelvic radiographs, with the patient ly-
ing supine and feet with an internal rotation of 10°, from
within 6months before the index surgerywere also collected
and used to calculate the patient’s minimum joint space
width, the shortest distance between the femoral head mar-
gin and the acetabulum. Digital measurements were cali-
brated by using a calibration ball of known size. If
unavailable, we calibrated measurements by using the
known size of the patient’s replaced femoral head in the
postoperative film to measure the size of the contralateral
femoral head, which was then used to calibrate the pre-
operative film. One-year AP pelvic radiographs were also
collected and used to measure acetabular cup positioning
using Hip Analysis Suite software (University of Chicago,
Chicago, IL, USA). All joint space width and cup posi-
tioning readings were completed by a single, board-certified
orthopaedic surgeon (KM), who was blinded to patient de-
mographics and clinical outcomes. All joint space width
measurements were completed using the mDesk™ software
package (RSA Biomedical, Umeå, Sweden), recorded in
millimeters, and treated as a continuous variable in statistical

modeling. We assessed intrareader variability for measuring
joint space width by comparing two sets of joint space width
measurements of 10 randomly selected films from each
study site, with the readings done 3 weeks apart to mini-
mize interpretation bias and calculating a kappa value.
Reliability for joint space width analysis proved to be
excellent (k = 0.9).

Statistical Analysis, Study Size

The outcomes considered in this study were achieving a
MCID in physical function as defined by the systematic
review of Maltenfort et al. [30], and achieving a MCID in
pain as defined by Farrar et al. [15], a research article, at 1
year after THA. We chose these two studies because they,
respectively, reviewed studies that used an anchor-based
method or employed an anchor-based approach to
generate a MCID value. The anchor-based approach is
preferred because it associates a numerical change in a
PROM instrument to a patient-reported assessment of im-
provement [32]. To achieve anMCID in function, a patient
had to achieve an increase equal to or greater than 8.3 on
the SF-36 Physical Function subscore or report a 1-year
SF-36 Physical Function subscore of equal to or greater
than 57.2, the cutoff for being within the 95th percentile of
scores of our cohort [30]. To achieve an MCID in pain, a
patient had to achieve either a reduction of two points on
the NRS-Pain or report a 1-year NRS-Pain score of 0 [15].

We conducted a post hoc power analysis to determine
the number of patients needed to detect a 5% or 10% dif-
ference in the proportion of patients who did not achieve an
MCID in either pain or physical function with 80% power
and a Type I error rate of 0.05. Assuming that approxi-
mately 10% of patients would not achieve the MCID in
pain [8], to detect a 5% or 10% difference in the proportion
of patients who would not achieve the MCID in pain, a
minimum of 682 or 196 patients was needed, respectively.
Assuming that approximately 20% of patients would not
achieve the MCID in physical function [29], to detect a 5%
or 10% difference in the proportion of patients who would
not achieve the MCID in physical function, a minimum of
1089 or 259 patients was needed, respectively.

All variables were entered into a multivariable binary
logistic regression predicting failure to achieve a MCID in
either pain or physical function. Variables tested included:
demographic and surgical factors, general and mental
health state, implant variables, and preoperative joint space
width (Table 2). Preoperative NRS-Pain and SF-36 PROM
scores were excluded from models testing failure to
achieve a MCID in pain and a MCID in physical function,
respectively, to prevent overfitting. All other preoperative
PROMs were included in both models. Femoral head ma-
terial, femoral head size, and femoral stem type were also
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excluded from models testing failure to achieve an MCID
in pain and an MCID in physical function because all three
variables were strongly collinear with country (United
States versus Scandinavia). For the remaining variables, a
backwards stepwise elimination algorithm was used to
reach the simplest, best-fit model. To assess how well the
final predictive model acted as a predictor, receiver oper-
ating curve (ROC) analysis was used to plot predictive
model probabilities against whether or not a patient ach-
ieved an MCID in pain or an MCID in physical function.

Lastly, to test if achieving an MCID in pain was cor-
related to achieving an MCID in physical function, we
conducted a chi-square test between the variables. Signif-
icance was set at p < 0.05 for all comparisons. The SPSS
Statistics Version 24.0 (IBM, Armonk, New York, USA)
software package was used for all analyses.

Results

Of the final cohort, 54 (9%) of 594 patients did not achieve
the MCID in pain (Fig. 1). In addition, 146 patients (25%)

did not achieve the MCID in physical function after THA
(Fig. 2).

After controlling for confounding variables, such as
age, BMI, acetabular shell and liner type, and pre-
operative PROMs (Table 2), we found that greater joint
space width (odds ratio [OR], 2.19; 95% confidence in-
terval [CI] = 1.49-3.22; p < 0.001), lower preoperative SF-
36 Mental component summary (MCS) (OR, 0.95; 95%
CI = 0.929–0.980; p = 0.001), and female sex (OR, 2.04;
95% CI = 1.08–3.82; p = 0.027) were independently as-
sociated with not achieving a MCID in pain (Fig. 3). It is
important to note that the effect size of having a lower
preoperative SF-36 MCS is small, with a 1- or 10-point
decrease in SF-36 MCS raising the odds of a patient not
achieving the pain MCID by 5% or 63%, respectively.
ROC analysis to assess the predictive capability of the
MCID Pain model yielded an area under the curve (AUC)
of 0.73 (95% CI = 0.66–0.80; p < 0.001).

In a separate model, after controlling for potential
confounding variables such as age, BMI, acetabular shell
and liner type, and preoperative PROMs (Table 3), we
found that higher joint space width (OR, 1.54; 95% CI,

Table 2. Demographics, preoperative PROM values, and multivariable model results for patients who did and did not achieve
a minimum clinically important difference in pain

Variable
All

(n = 594)
Achieved pain
MCID (n = 540)

Did not achieve
pain MCID (n = 54)

Multivariable p values
(b; odds ratio; 95% CI)

Age (years)* 60 (26-75) 61 (26-75) 60 (36-75) –

Female (vs male) sex† 268 (45) 246 (46) 22 (41) 0.027 (0.71; 2.04; 1.08-3.82)

BMI (kg/m2)* 29 (17-46) 29 (17-46) 27 (21-36) –

Scandinavian (vs US)† 307 (52) 273 (51) 34 (63) 0.056 (-0.59; 1.80; 0.98-3.28)

Posterolateral (vs anterolateral) approach† 346 (58) 309 (57) 37 (69) –

VEPE (vs ModXL) liner† 339 (57) 233 (43) 26 (48) 0.070 (0.57; 1.77; 0.96-3.27)

PTC shell (vs PS shell) † 259 (44) 303 (56) 36 (67) –

Abduction (°)* 42 (24-64) 42 (24-64) 44 (29-59) –

Anteversion (°)* 16 (0-40) 16 (0-40) 16 (0-36) –

Joint space width (mm)* 0.7 (0-4) 0.7 (0-4) 1 (0-3) < 0.001 (0.78; 2.19; 1.49-3.22)

Preoperative EQ-Index‡ 0.6 (0.2-0.7) 0.6 (0.2-0.7) 0.6 (0.2-0.7) –

Preoperative EQ-VAS‡ 70 (54-82) 70 (54-84) 70 (53-80) –

Preoperative SF36-MCS‡ 53 (44-60) 54 (45-61) 46 (39-57) 0.001 (-0.05; 0.95; 0.93-0.98)

Preoperative SF36-PCS‡ 37 (31-42) 37 (31-42) 38 (31-43) –

Preoperative HHS‡ 52 (39-64) 52 (39-63) 54 (40-69) –

Preoperative NRS-Pain‡ 6 (4-7) 6 (5-7) 4 (2-6) – §

Preoperative UCLA‡ 5 (4-7) 5 (4-7) 5 (4-7) –

*Values presented as mean (range).
†values presented as n (%).
‡values presented as median (interquartile range [IQR]).
§variable excluded frommultivariable, binary logistic regressionmodel to prevent overfitting; MCID =minimum clinically important
difference; BMI = body mass index; VEPE = vitamin-E highly cross-linked (130kGy) polyethylene; ModXL = moderately cross-linked
(50kGy) and mechanically annealed polyethylene; PTC = porous titanium coated; PS: plasma sprayed; MCS = mental component
summary; PCS = physical component summary; HHS = Harris hip score; NRS = numerical rating scale; UCLA = University of California
Los Angeles Activity score.

Volume 477, Number 6 Achieving MCID after THA 1305

Copyright © 2019 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



1.18–2.02; p = 0.002), higher preoperative HHS (OR, 1.01;
95% CI, 1.00–1.03; p = 0.019), and undergoing surgery in
Scandinavia (OR, 1.73; 95% CI, 1.17–2.55; p = 0.006)
were found to be independently associated with not
achieving an MCID in physical function (Fig. 4). It is im-
portant to note that the effect size of having a higher pre-
operative HHS is very small, with a 1- or 10-point increase
in HHS increasing the odds of not achieving the physical
function MCID by only 1% or 15%, respectively. ROC
analysis to assess the predictive capability of the MCID

Physical Function model yielded an AUC of 0.63 (95%
CI = 0.58–0.69; p < 0.001).

Lastly, achieving an MCID in pain was found to be
associated with achieving an MCID in Physical Function
(p < 0.001).

Discussion

More than 300,000 THAs are performed each year in the
United States, making the procedure one of the most
commonly performed elective orthopaedic surgeries [1].
Although most patients experience decreased pain and
improved physical function after recovery from surgery,
some do not [8]. To better identify those patients likely and
unlikely to benefit from major elective surgery, we sought
to pinpoint the factors associated with meaningful
improvements in pain and function after THA by including
all variables in a binary logistic regression model and
eliminating variables that did not add any value to the
model via a backwards stepwise elimination algorithm.
This model permits the analysis of all variables and does
not exclude those that may not achieve statistical signifi-
cance in univariate tests but may do so once other variables
are considered. We found that higher joint space width,
female sex, and poor SF-36 MCS were associated with not
achieving an MCID in pain, and we also found that higher
joint space width, higher preoperative HHS, and un-
dergoing surgery in Scandinavia were associated with not
achieving an MCID in physical function.

This study is not without limitations. First, only supine,
AP plain radiographs were available to evaluate the se-
verity of each patient’s preoperative OA. Neither alternate
preoperative radiograph views, such as a weightbearing
AP radiograph or a shoot-through lateral, nor additional
information on the length of preoperative OA symptom
duration were available to provide a more complete pic-
ture of each patient’s preoperative disease state. Despite
this limitation, however, one study has found little dif-
ference between joint space width measured from supine
radiographs and from weightbearing radiographs [4], and
several other peer-reviewed publications exploring pre-
operative joint space width and its effects on post-
operative THA PROMs have similarly relied upon supine
AP radiographs [2, 38, 39].

Second, the value of an MCID and the resulting study
outcomes can vary based on the method used to calculate
the MCID. In this study, we chose to use an MCID for pain
change as defined in a study by Farrar et al. [15], which
calculated an MCID for a similar 11-point NRS (0 = no
pain, 10 = worst possible pain) using a validated, 7-point
categorical scale measuring the patient’s global impression
of change (1= very much improved, 7 = very much worse)
as an anchor. The data analyzed was collected as part of

Fig. 1 Density plot shows the NRS Pain change (1-year minus
preoperative) split by patients who achieved the Pain MCID
and patients who did not achieve the Pain MCID.

Fig. 2 Density plot shows the SF-36 Physical Function change
(1-year minus preoperative) split by patients who achieved the
Physical Function MCID and patients who did not achieve the
Physical Function MCID.
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10 double-blind, placebo-controlled, parallel, multicenter
chronic pain studies. Although this study did not generate
anMCID specifically for a population of patients with end-
stage osteoarthritis undergoing THA, we chose this study
because (1) to the best of the authors’ knowledge there does
not exist another study defining a MCID for a NRS-Pain
instrument for patients undergoing THA, (2) it combined
data from 10 multicenter studies with a total enrollment of
2879 patients, which covered a wide range of indications in
both neuropathic and non-neuropathic chronic pain, (3) it
used an anchor-based approach to developing its MCID,
and (4) its primary findings were consistent with another
published study [14] of acute breakthrough cancer pain
which similarly found that a change score of -2.0 on aNRS-
Pain scale was associated with the study’s clinically im-
portant outcome of a patient’s need to take additional pain
medication. As for the MCID in physical function change,
we chose to use an MCID identified in a systematic review
performed on PubMed in September 2016 by Maltenfort
et al. [30]. We chose to use the MCID value for the SF-36
Physical Function subscore identified by this study because
this MCID was not only developed for a patient population
with osteoarthritis undergoing a primary hip replacement,
but also because the review focused primarily on articles

that used an anchor-based method. In both instances, we
chose to apply evidence-defined MCIDs rather than cal-
culate our own using distribution based methods, which
would fail to link the numeric changes of a PROM to any
kind of measurement of what is actually meaningful to a
patient [26, 30, 32].

Third, no formal, a priori power analysis was conducted
before beginning the study to determine the number of
patients who needed to be enrolled to detect a 5% or 10%
difference between groups in the proportion of patients
who did not achieve an MCID in pain or physical function
after THA. However, a post hoc power analysis revealed
that our study contained enough patients to detect at least a
10% difference between groups in the proportion of
patients who did not achieve an MCID in either pain or
physical function.

Fourth, the fact that this study had a stricter inclusion
criteria of requiring both a valid preoperative radiograph as
well as complete PROMs, instead of requiring only com-
plete PROMs as required by the original study, resulted in
an initial cohort of only 683 (84%) out of 814 patients with
complete preoperative data and, eventually, a final cohort
of only 594 (73%) out of 814 patients with complete pre-
operative data and 1-year PROMs. Although this final

Fig. 3 Scatterplot displays NRS Pain relief against preoperative joint space width. The
dashed line represents the 95% confidence interval for the linear best-fit line. The linear
equation for the best-fit line is y = 0.38x – 4.85 (R-squared = 0.012, 95% confidence interval
= 0.10–0.67) and demonstrates the relationship between increasing joint space width and
decreased pain relief after THA.
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analysis cohort fell short of having at least an 80% fol-
lowup percentage, we found no difference in age or sex
between patients with complete preoperative data but in-
complete 1-year data and patients with complete data at
both intervals. Although we found that patients with
complete preoperative data and incomplete 1-year data had
higher BMI than patients with complete data, we did not
find this difference in BMI to be significant in the final
multivariable models for not achieving either the pain or
physical function MCID.

Fifth, this study was unable to control for all factors that
might influence the level of pain relief or physical function
improvement experienced by study participants such as the
comorbidity burden at the time of surgery or experience
level of the surgeon. Despite this limitation, the addition of
comorbidity data to our model would have likely not
changed our results because one criteria for inclusion
within the original study was the absence of any previous
infection, osteoporosis, metabolic disorders that may im-
pair bone formation, or any other major medical compli-
cations that could limit their ability to return for followup

for up to 10 years, which would have excluded many
patients with serious comorbidities that could have nega-
tively influenced their postoperative PROMs. Addition-
ally, there was not much variation in surgeon experience
within our study cohort as all participating surgeons in this
original study were the equivalent of either attending or
consultant orthopaedic surgeons specializing in adult hip
reconstruction at their respective sites.

Lastly, the use of a MCID to analyze postoperative
PROMs can be limited by the instrument’s dichotomization
of a continuous instrument, which can lead to a loss of in-
formation, as well as its susceptibility to being correlated to
baseline PROM values. In instances where PROMs are
subject to a ceiling effect, this limitation can result in an
artificially low number of patients achieving an MCID after
surgery. In this study, we attempted to control for this lim-
itation by considering patients who reported no hip-related
pain at 1-year as having achieved the MCID in pain and by
considering patients with a 1-year SF-36 physical function
subscore within the top 95th percentile of our cohort as
having achieved the MCID in physical function.

Table 3. Demographics, preoperative PROM values, and multivariable model results for patients who did and did not achieve an
MCID in physical function

Variable
All

(n = 594)
Achieved function
MCID (n = 448)

Did not achieve function
MCID (n = 146)

Multivariable p values
(b; odds ratio; 95% CI)

Age (years)* 60 (26-75) 60 (32-75) 61 (26-75) –

Female (vs male) sex† 268 (45) 197 (44) 71 (49) –

BMI (kg/m2)* 28.5 (17.4-46.2) 28.5 (17.4-46.0) 28.3 (19.5-46.2) –

Scandinavian (vs US)† 307 (52) 216 (48) 91 (62) 0.006 (-0.55; 1.73; 1.17-2.55)

Posterolateral (vs anterolateral)
approach†

346 (58) 253 (56) 93 (64) –

VEPE (vs ModXL) liner† 339 (57) 200 (45) 59 (40) –

PTC shell (vs PS shell) † 259 (44) 256 (57) 83 (57) –

Abduction (°)* 42 (24-64) 42 (24-64) 43 (27-59) –

Anteversion (°)* 16 (0-40) 16 (0-40) 16 (0-36) –

Joint space width (mm)* 0.7 (0-4) 0.6 (0-4) 0.8 (0-3) 0.002 (0.43; 1.54; 1.18-2.02)

Preoperative EQ-Index‡ 0.6 (0.2-0.7) 0.6 (0.2-0.7) 0.6 (0.2-0.7) –

Preoperative EQ-VAS‡ 70 (54-82) 70 (54-84) 69 (56-80) –

Preoperative SF36-MCS‡ 53 (44-60) 54 (44-60) 53 (44-61) –

Preoperative SF36-PCS‡ 37 (31-42) 36 (31-41) 39 (34-43) – §

Preoperative HHS‡ 52 (39-64) 51 (38-62) 54 (42-68) 0.019 (0.01; 1.01; 1.00-1.03)

Preoperative NRS-Pain‡ 6 (4-7) 6 (5-7) 5 (4-7) –

Preoperative UCLA‡ 5 (4-7) 5 (3-6) 6 (4-7) –

*Values presented as mean (range).
†values presented as n (%).
‡values presented as median (IQR).
§variable excluded frommultivariable, binary logistic regressionmodel to prevent overfitting; MCID =minimum clinically important
difference; BMI = body mass index; VEPE: vitamin-E highly cross-linked (130kGy) polyethylene; ModXL: moderately cross-linked
(50kGy) and mechanically annealed polyethylene; PTC: porous titanium coated; PS: plasma sprayed; MCS = mental component
summary; PCS = physical component summary; HHS = Harris hip score; NRS = Numerical Rating scale; UCLA = University of
California Los Angeles Activity score.
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Using an international, multicenter cohort that received
modern, widely-used implants and a robust battery of both
disease-specific and general health PROMs, this study
found that 54 (9%) out of 594 patients did not achieve the
MCID in pain and 146 (25%) out of 594 patients did not
achieve the MCID in physical function 1 year after THA.
These results are in line with both the high rate of success
of primary THAs and the findings of previous studies,
which have reported that 7% to 23% of patients do not
experience a meaningful decrease in pain [8], and ap-
proximately 20% of patients do not experience meaningful
improvements in function after THA [29]. These results
highlight that, despite the major technological and surgical
advancements that have made THA as successful as it is
today, there remains substantial room for improvement in
how surgeons identify which patients are likely or unlikely
to benefit from receiving a THA. Although the current
analysis incorporates data from multiple centers, it is es-
sential for future studies to confirm if our findings remain
consistent within a population of patients who received a
broader array of implants, had a more diverse comorbidity
burden, and underwent surgery within more varied practice
settings – a study topic that national or regional registries
are uniquely positioned to answer. Given commonly cited

projections that THA demand is estimated to grow by
174% by 2030 [25], the need for future registry studies to
identify how many and which patients experience either a
decline or suboptimal improvements in pain or physical
function after THAwill be critical as the number of patients
who fall into this category will likely only grow without
targeted study and intervention.

Furthermore, we found that patients with higher joint
space width, lower preoperative SF-36 MCS, and female
patients were less likely to achieve an MCID in pain, and
we found that patients with higher joint space width, higher
preoperative HHS, and those who underwent surgery in
Scandinavia were less likely to achieve an MCID in
physical function. From the present analysis, we found that
each one millimeter increase in joint space width increased
the odds of not achieving the MCID in pain by 119% and
increased the odds of not achieving the MCID in physical
function by 54%. This relationship is consistent with pre-
vious, single-center studies [38, 39], single-country mul-
ticenter studies [23, 24, 40], and a systematic review [21]
that have all reported that patients with less severe osteo-
arthritis, as measured by continuous joint space width or by
the Kellgren-Lawrence scale, have worse functional im-
provement, pain relief, and lower activity level after THA

Fig. 4 Scatterplot displays SF-36 Physical Function improvement against preoperative
joint space width. The dashed line represents the 95% confidence interval for the linear
best-fit line. The linear equation for the best-fit line is y = -2.51x + 14.53 (R-squared = 0.021,
95% Confidence Interval = -3.89 to -1.14) and demonstrates the relationship between
increasing joint space width and less physical function improvement after THA.
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than patients with more severe osteoarthritis [38, 39]. Our
findings on joint space width, combined with previously
published results, are important as they provide evidence
that multiple patients within our analysis cohort may have
undergone the procedure prematurely. Given that THA is a
major elective surgical procedure with multiple risks and
high cost, it is absolutely critical that surgeons not only
counsel patients with less radiographically severe osteo-
arthritis on their significantly increased odds of experi-
encing only a minor increase, if not a decrease, in their
postoperative PROMs, but also provide the patient with
alternative treatment options, such as delaying surgery or
pursuing more conservative treatment options until their
disease progresses further. It should be noted, however,
that two single-center studies [2, 34] have previously
reported finding no relationship between preoperative ra-
diographic osteoarthritis severity and postoperative
PROMs, and that these studies highlight the multifactorial
relationship that links preoperative radiographic osteoar-
thritis status and postoperative PROMs.

In addition to joint space width, the present analysis
found that a 1- or 10-point decrease in SF-36 MCS in-
creased the odds of a patient not achieving the pain MCID
by 5% or 63%, respectively. These findings are consistent
with previous evidence that has demonstrated a link be-
tween poor emotional health and decreased pain relief after
THA [6, 7, 35, 36]. Although the effect size of having a
lower SF-36 MCS is relatively small in this analysis, as
reported by Ayers et al. [6], patients with poor preoperative
MCS scores may be more likely to use catastrophizing
coping mechanisms and have a more difficult time with
pain control after surgery. Therefore, surgeons may still
want to consider discussing the option of delaying surgery
with patients who report a low preoperative SF-36 MCS,
which would allow them to receive counselling to improve
their mental and emotional health before surgery.

Female sex was also found to increase the odds of a pa-
tient not achieving the pain MCID by 104% as compared
with male sex. This finding is consistent with previous
studies that have found that females are more likely to ex-
perience persistent postoperative pain after THA [27, 28].
Consequently, surgeons may counsel their female patients
on their increased odds for not achieving an MCID in pain
after THA to help manage their postoperative expect-
ations. The relationship between female sex and post-
operative PROMs, however, is mixed and several studies
have reported no relationship between female sex and
worse postoperative pain, function, or health-related
quality of life [21, 31, 34].

This study found that a 1- or 10-point increase in
preoperative HHS increased the odds of a patient not
achieving the physical function MCID by 1% or 15%,
respectively. Our finding that higher HHS was associated
with not achieving the MCID in physical function is

consistent with previous evidence that has found a link
between high preoperative function and decreased post-
operative functional improvement [22, 23, 29]. However,
it is important to note that the effect size of the association
that we found between high preoperative HHS and not
achieving an MCID in physical function is small. Al-
though patients presenting with a high HHS should not be
as worrisome as those with high preoperative joint space
width, for example, surgeons should still consider dis-
cussing the slightly increased chance that patients with
high HHS have of experiencing only minor postoperative
improvements in function.

Lastly, this analysis also found that undergoing surgery
in Scandinavia as opposed to in the United States increased
the odds of not achieving the physical function MCID by
73%. Our finding that undergoing surgery in a Scandina-
vian country was associated with not achieving an MCID
in physical function has not been previously reported. To
explore this finding, we first compared the preoperative
characteristics of US and Scandinavian patients in our final
cohorts using univariate tests. We found that there was no
difference between the two groups in age (p = 0.102), sex
(p = 0.284), joint space width (p = 0.257), SF-36 MCS (p =
0.997), or preoperative HHS (p = 0.339).We found that US
patients had higher BMIs (p < 0.001), preoperative NRS-
Pain scores (p < 0.001), and preoperative EQ-5D Health-
state (p < 0.001) than Scandinavian patients.We also found
that Scandinavian patients had higher preoperative UCLA
scores (p = 0.032), preoperative EQ-5D index (p = 0.007),
and preoperative SF-36 PCS (p = 0.004) than US patients.
Then, we repeated the full binary regression model for not
achieving an MCID in physical function with interaction
terms for country (Scandinavia versus US) and age, sex,
BMI, and all PROMs (excluding SF-36 PCS to prevent
overfitting) that were different in univariate testing. We
repeated our model after adding these seven interaction
terms and found that none of them added any value to the
final model, and we subsequently excluded them. Lastly,
because a SF-36 PCS interaction term was excluded to
prevent overfitting, we performed additional univariate
tests for the variable, and we found no difference in SF-36
PCS change (p = 0.057) or 1-year SF-36 PCS scores (p =
0.480) between Scandinavian and US patients. Therefore,
we theorized that the differences observed in this study
may be attributable to either cultural differences between
how Scandinavian and American patients respond to
PROMs, with Scandinavian patients more likely to report
higher physical function before surgery, or differences in
patient selection, with Scandinavian patients more likely to
receive a THA at lower levels of functional impairment [19].

Our findings highlight the need for retrospective registry
studies to examine if the risk factors we found for not
achieving MCIDs in pain or function after THA are similar
to those found in regional or country-wide cohorts of THA
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patients. Alongside registry studies, future prospective
studies should be conducted to determine if higher joint
space width, lower SF-36 MCS, female sex, undergoing
surgery in Scandinavia, and higher HHS before surgery
are truly predictive of increased odds of not achieving
meaningful improvements in pain or physical function.
Lastly, both retrospective registry studies and prospective
studies should be designed to explore the possible differ-
ences that may exist in how patients from different countries
respond to commonly collected PROM instruments to help
analyze and compare PROM data collected across different
regions or countries.

In conclusion, we found that patients with higher joint
space width, female sex, and undergoing surgery in
Scandinavia were much less likely to achieve an MCID in
either pain or physical function 1 year after THA, and that
patients with low MCS or high HHS before surgery were
slightly less likely to see improvements in pain and func-
tion. Based on these findings, surgeons should pause before
performing a THA on patients who present with high joint
space width or other risk factors for poor postoperative
improvement. They should provide the patient with their
increased odds of not achieving levels of pain reduction or
physical function improvements that other patients have
found to be meaningful after THA. Surgeons may also use
this data to encourage patients to undergo alternative pre-
operative treatments if they have modifiable risk factors for
not achieving meaningful improvements in pain or func-
tion after surgery. We emphasize, however, that the results
of this study should not be used as appropriateness criteria
for undergoing THA. Rather, it should be used as a tool that
can guide the conversations that an orthopaedic surgeon
may have with their patients, one that should empower
patients by helping them understand their likelihood for
improvement given their preoperative status. THA is a
major surgical procedure that carries serious risks, and
patients electing to undergo the procedure deserve more
than a minor decrease in pain or a small increase in physical
function in exchange for the risk they accept and the time
and cost they pay.

Future retrospective studies of regional or national reg-
istry data should use the analysis methods presented within
this study to both identify the portion of the THA patients
who do not achieve an MCID in pain or physical function
after surgery and confirm if the preoperative risk factors for
poor improvement identified within our international, mul-
ticenter cohort are also found in a larger patient population
with more diverse implants and comorbidities. Furthermore,
future prospective studies should explore the relationship
between less pain relief or functional improvement and
the risk factors identified in this study to determine if the
variables we identified are truly predictive of worse post-
operative outcomes. Such analyses will be important for
identifying ways to meaningfully interpret PROMs before

and after THA, and they will help to continue improving
the outcomes and value of THA procedures.
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