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The Minimal Clinically Important Difference,
Substantial Clinical Benefit, and Patient-Acceptable

Symptomatic State after Medial Patellofemoral
Ligament Reconstruction
Justin M. Walsh, B.S., Hailey P. Huddleston, M.D., Mohamad M. Alzein, B.S.,
Stephanie E. Wong, M.D., Brian Forsythe, M.D., Nikhil N. Verma, M.D.,

Brian J. Cole, M.D., M.B.A., and Adam B. Yanke, M.D., Ph.D.
Purpose: To define the minimal clinically important difference (MCID), substantial clinical benefit (SCB) and patient-
acceptable symptomatic state (PASS) for patient-reported outcome measures (PROMs) after medial patellofemoral liga-
ment reconstruction (MPFLR) and to investigate the role of preoperative, demographic, and intraoperative variables for
predicting achievement of these thresholds. Methods: This retrospective cohort study used a prospectively maintained
database of patients undergoing primary MPFLR between August 2015 and December 2019. PROMs included the In-
ternational Knee Documentation Committee (IKDC), Knee Injury and Osteoarthritis Outcome Score (KOOS), KOOS joint
replacement (JR), and Kujala. Anchor-based and distribution-based methods were used to calculate the MCID, SCB, and
PASS. Regression analyses were performed to identify prognosticators for achievement of clinically significant thresholds.
Results: 139 patients met inclusion criteria (mean age: 21.7� 8.2 years). At 6 months, the MCID values were 8.3 (KOOS-
Pain) and 8.5/13.5 (Kujala); SCB values were 1.4 (KOOS-Pain) and 43.7 (KOOS-QOL); and PASS values were 64.9 (IKDC),
83.3 (KOOS-Symptom), 76.8 (KOOS-Pain), 91.2 (KOOS-ADL), 47.5 (KOOS-Sport), 40.6 (KOOS-QOL), and 78.1 (KOOS-
JR). At 1 year, the MCID values were 4.2 (KOOS-Pain), 7.2 (KOOS-ADL), 12.4 (KOOS-QOL) and 25.2 (KOOS-JR); SCB
were 23.6 (IKDC), 4.2 (KOOS-Symptom), 19.7 (KOOS-Pain), 6.5 (KOOS-ADL), 55.0 (KOOS-Sport), 6.3 (KOOS-QOL),
and 19.6/25.2 (KOOS-JR); and PASS were 65.5 (IKDC), 80.4 (KOOS-Symptom), 84.7 (KOOS-Pain), 99.3 (KOOS-ADL),
57.5 (KOOS-Sport), 53.1 (KOOS-QOL), and 76.3 (KOOS-JR). In regression analysis, greater age, body mass index, and
preoperative PROMs were negative prognosticators for achieving clinically significant thresholds. Conversely, male gender
increased the likelihood of achieving PASS for Kujala at 6 months and KOOS-ADL at 1 year. Conclusions: This study
established thresholds for the MCID, SCB, and PASS at 6 months and 1 year after MPFLR, providing physicians an
evidence-based method to advise patients and assess outcomes with this surgery. Older patients and those with higher
preoperative outcome scores are less likely to report improvement and satisfaction with MPFLR, while male patients are
more likely to report some satisfaction. Level of Evidence: Level III, retrospective cohort study (diagnosis).
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Introduction

atient-reported outcome measures (PROMs) are
Pused in clinical research to provide snapshots of
patients’ levels of pain, function, activity level, and
general quality of life.1 One limitation of PROMs is that
outcomes have typically been reported in terms of sta-
tistical significance, which may not represent clinical
relevance or outcomes that patients perceive as
important. With a growing focus in medicine on
patient-centered outcomes and defining meaningful
patient-reported improvement, clinically significant
outcomes are increasingly emphasized over ones solely
defined by statistical significance to demonstrate clinical
benefit.1-3

Three metrics for clinical significance have been
developed to aid in the understanding of outcome
scores at the individual patient level. These include the
minimal clinically important difference (MCID), the
substantial clinical benefit (SCB), and the patient-
acceptable symptomatic state (PASS). The MCID is
defined as the smallest clinical improvement that the
patients perceive as important.2,3 The SCB establishes a
threshold that patients determine to be a considerable
improvement.2,3 Lastly, the PASS represents the post-
operative outcome score associated with achieving pa-
tient satisfaction.3,4 These measures represent a
stratification of postoperative outcomes in which MCID
represents a minimal improvement, SCB represents
optimal improvement, and PASS represents patient
satisfaction with their outcome.4 Defining these values
for specific procedures gives physicians a reliable,
evidence-based method to measure and track clinical
improvements postoperatively, as well as to help guide
clinical decision making.3

The medial patellofemoral ligament (MPFL) is the
primary restraint against lateral translation of the pa-
tella and is often injured in patellar dislocations.5-7

Initial treatment for patellar instability and/or sublux-
ation often includes conservative management, con-
sisting of physical therapy and bracing of the knee joint.
Recurrent instability often requires surgical interven-
tion, and MPFL reconstruction has become an
increasingly popular treatment option.7-9 However, the
thresholds for MCID, SCB, and PASS for MPFL recon-
struction have yet to be defined in the literature.
Appropriately defining these values can provide better
understanding of PROMs and clinical success after
MPFL reconstruction. Therefore, the goal of this study
was to define the MCID, SCB, and PASS for PROMs
after MPFLR and to investigate the role of preoperative,
demographic, and intraoperative variables for predict-
ing achievement of these thresholds. The hypothesis of
this study was that there are net changes and absolute
outcome score values that represent the MCID, SCB,
and PASS that can accurately predict patient perception
of improvement and satisfaction, and, additionally, that
there are patient variables that can be used to predict
achievement of these thresholds.

Materials and Methods

Study Design
This retrospective cohort study was approved by the

Institutional Review Board at Rush University Medical
Center with a corresponding waiver of consent. A query
of a prospectively maintained institutional database was
conducted for all patients who underwent MPFL recon-
struction by the four senior authors B.F., N.N.V., B.J.C.,
and A.B.Y. between August 2015 and December 2019
with a minimum of a 6-month follow-up. A 6-month
follow-up was used to align with the 4-to-6-month re-
covery that is typical for MPFL reconstruction.10 Any
patients in the database who completed preoperative
PROMswere included in the study.MPFL reconstruction
was the primary procedure for all patients in the cohort,
and concomitant procedures are detailed in Table 1.
Exclusion criteria included revisionMPFL reconstruction
and more significant concomitant procedures, including
osteochondral allograft (OCA), osteochondral autograft
(OAT), autologous chondrocyte implantation (ACI),
matrix-induced chondrocyte implantation (MACI),
tibial tubercle osteotomy (TTO), meniscus repairs and
transplants, and ligamentous reconstructions. Patients
were similarly excluded if they failed to complete their
preoperative patient-reported outcome questionnaires.
Patients with prior MPFL reconstruction were excluded,
as this was considered a revision procedure; however,
prior MPFL repair was not an exclusion criterion. Addi-
tionally, given the high prevalence of cartilage damage
caused by patellar dislocations, which has been reported
to be as high as 40-96% by MRI studies,11 it was not
feasible to exclude patients with mild or low-grade
chondral defects from the current study.

Patient Assessment and Patient Reported Outcome
Measures
Outcome scores examined in this study included the

IKDC, KOOS, KOOS JR, and Kujala scores.12-15 The
IKDC is an evaluation used to measure symptoms,
function, and sports activity for people with a variety of
knee disorders, while the Kujala is a scale designed to
evaluate anterior knee pain. The KOOS is subdivided
into 5 separate subscales: Pain, Symptoms, Activities of
Daily Living (ADL), Sport, and knee-related Quality of
Life (QOL). All patients were assessed preoperatively
and at 6 months postoperatively. A subset of patients in
this cohort who were at least 1 year but no greater than
18 months from date of surgery were also assessed at 1
year postoperatively. Patient outcome questionnaires
were initially administered via email, and follow-up for
nonresponders was conducted using email and phone



Table 1. Concomitant Procedures

Not Missing
Anchor

Questions

Missing
Anchor

Questions
Total

Patients

Concomitant Procedures
Partial lateral Meniscectomy 1 1 2
Microfracture 0 2 2
Chondroplasty 34 44 78
Synovectomy 0 3 3
Bursa excision 0 1 1
Loose body removal 13 11 24
ACI biopsy 3 4 7
Plica excision 0 1 1
Trochlear bumpectomy 1 0 1

ACI, autologous chondrocyte implantation.
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calls. Patients were deemed not available for follow-up
if PRO questionnaires were not completed by 9 months
postoperatively for the 6-month time point, and 18
months postoperatively for the 1-year time point.
Furthermore, we collected clinical history and de-
mographic variables, including age, sex, body mass in-
dex, workers’ compensation status, smoking history,
laterality, age at first instability event, and total number
of instability events.

Anchor Questions
Patients received two anchor questions at 6 months

and 1 year postoperatively. These questions were used
as anchors to determine clinically meaningful changes
in outcomes.4 The approach outlined by Juniper et al.16

was used to determine the MCID and SCB. For the
KOOS, six global questions (related to each of the
KOOS subscales) were used to classify patients based on
whether they had improved, had no change, or had
deteriorated since the previous clinic visit. The ques-
tions were phrased, “Since your last surgery, has there
been any change in your pain/symptoms/activities of
daily living/sport and recreation/quality of life/overall
activity level as it is related to your knee?”. As the
Kujala and KOOS JR scores both consist of questions
across multiple domains, they were each assessed
against multiple anchor questions. In this study, the
knee function and symptoms anchors were selected to
correspond with the Kujala score, as they had the best
fit with the domains covered by the Kujala score.
Additionally, the physical function and symptom do-
mains appear to be relevant to our young, active pop-
ulation. Knee-related pain, symptoms, and activities of
daily living were selected to correspond with the KOOS
JR to match the three domains covered by this scale.
For the IKDC, patients were asked the global question:
“Since your last surgery, has there been any change in
the overall function of your knee?”.
If patients indicated there was no change, they were

given a score of 0. If there was a change between
follow-up visits, they were asked to quantify that
change on the following scale: a very great deal worse
(�7), a great deal worse (�6), a good deal worse (�5),
moderately worse (�4), somewhat worse (�3), a little
worse (�2), almost the same, hardly any worse at all
(�1), no change (0), almost the same, hardly any better
at all (1), a little better (2), somewhat better (3),
moderately better (4), a good deal better (5), a great
deal better (6), or a very great deal better (7).
The anchor question designed by Tubach et al.17 was

used to determine the PASS for all the subscales of the
KOOS, IKDC, KOOS JR, and Kujala scores. At each
follow-up, patients were asked the following binomial
question: “Taking into account all the activities you
have during your daily life, your level of pain, and also
your functional impairment, do you consider that your
current state is satisfactory?” Anchor questions are
summarized in Fig 1.

Surgical Technique and Rehabilitation Protocol
The preferred technique for MPFL reconstruction

used by the senior authors in this study has been pre-
viously described and published by Anbari et al.18

Associated pathologies, including minor soft tissue and
cartilaginous defects, were treated concomitantly when
present. All MPFL reconstructions were performed with
a double-limbed patellar anchor technique, as outlined
by previously published studies.18-20 Semitendinosus or
tibialis anterior allografts were used for the recon-
struction based upon surgeon preference.
Postoperative rehabilitation followed a previously

described protocol,18 with 6 weeks of protected
weightbearing with heel slides, quadriceps and
hamstring sets, patellar mobilizations, and gastrocne-
mius stretches. The brace was unlocked upon regaining
quadriceps strength. At 6 weeks, the brace was dis-
continued and patients were progressed to full weight-
bearing flexion exercises, toe raises, and closed chain
quadriceps work. In-line jogging and elliptical exercises
were permitted at 12 weeks under PT supervision, and
progression to sports-specific exercises and return to
play was permitted by 16 weeks postoperatively.

Determination of Clinically Significant Thresholds
The MCID can be reliably ascertained with the

distribution-based method by calculating 50% of the
standard deviation (SD) for change between preoper-
ative and postoperative scores for a given PROM. The
50% SD has previously been shown to be a reliable
threshold for important patient-perceived change.21

Anchor-based thresholds are typically calculated by
first stratifying the patients’ subjective feelings of
improvement into three tiers: no change, minimal
improvement, and substantial improvement. The
thresholds are then determined by comparing the
changes in mean PROM scores between the classifica-
tion groups. The corresponding difference between the



Fig 1. Anchor-based calcula-
tion of minimally clinically
important difference (MCID)
and substantial clinical benefit
(SCB) (A), and patient-
acceptable symptom state
(PASS) (B).4
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“no change” and “minimal improvement” groups was
used to define the MCID, and the mean difference be-
tween the “no change” and “substantial improvement”
groups was used to define SCB. The PASS threshold
was calculated in an identical manner with absolute
postoperative values at 6 months and 1 year, using the
anchor question regarding satisfaction to differentiate
and compare satisfied patients from unsatisfied
patients.1,22

Statistical Analysis
To assess for potential selection bias, age, sex, body

mass index (BMI), and preoperative outcome scores
were compared between patients who completed the
minimum 6-month follow-up and those patients who
were not available for follow-up, using a two-sample
Student’s t-test and c2 test for continuous and cate-
gorical variables, respectively. Nonparametric receiver
operating characteristic (ROC) curves with area under
the curve (AUC) analyses were used to evaluate each
outcome score to predict the MCID change, SCB
change, and PASS based on the above anchor method
calculation. The Youden Index was used with the ROC
analysis to identify the threshold value which optimized
sensitivity and specificity for each outcome score.16

Consistent with prior studies,1,3,4 the degree of associ-
ation was acceptable if the AUC was greater than .7,
and excellent if the AUC was greater than .8. Threshold
analyses for all PROMs were subsequently performed
for all patients to determine which achieved the MCID,
SCB, or PASS. Secondary analyses using univariate and
multivariate regressions were performed to assess
whether individual patient factors were correlated with
achieving MCID, SCB, or PASS. Univariate logistic
regression analyses were performed with respect to
each patient variable, using the c2 test for categorical
variables or the Student’s t test for continuous variables.
Age, BMI, age at first instability event, total number of
instability events, and preoperative PRO scores were
analyzed as continuous variables. Sex and workers’
compensation status were analyzed as categorical vari-
ables. Variables were subsequently included in multi-
variate regression analysis if univariate analysis found
significance of P < .10. The odds ratio (OR) and 95%
confidence interval (CI) were determined for each
variable with respect to achieving MCID, SCB, and
PASS. An a priori power analysis was conducted based
on a similar study establishing clinically significant



Table 2. Patient Demographic and Clinical Variables of
Included Patients

n 139

Age (years) 21.7 � 8.2
Sex

Male 49 (35.0%)
Female 90 (65.0%)

BMI (kg/m2) 25.8 � 5.9
WC 7 (5.0%)
Smoker 15 (13.0%)
Previous surgery on index knee 29 (20.9%)
MPFL Repair 8 (5.8%)
Laterality

Left 90 (65.0%)
Right 49 (35.0%)

IKDC 47.3 � 18.2
KOOS symptom 63.4 � 17.8
KOOS pain 66.2 � 18.5
KOOS ADL 75.4 � 18.3
KOOS sport 36.6 � 26.0
KOOS QOL 25.9 � 18.0
KOOS JR 66.0 � 14.6
Kujala 57.8 � 18.3

Data are presented as means � SD or n(%) for countable variables.
ADL, activities of daily living; BMI, body mass index; IKDC, Inter-
national Knee Documentation Committee; JR, joint replacement;
KOOS, Knee Injury and Osteoarthritis Outcome Score; QOL, quality
of life; TTO, tibial tubercle osteotomy; WC, Workers Compensation.
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thresholds following meniscal allograft trans-
plantation.1,3 Using the mean change from baseline and
the MCID for each outcome score, we calculated the
effect size (mean ¼ .266; range: .021-.513), which was
used to determine an appropriate sample size. Using
G*power, a total sample size of 89 was deemed suffi-
cient for analysis, and a cohort of 100 patients was
chosen to slightly enhance the power of the study. All
other statistical analyses were performed using SPSS,
version 26.0 (IBM, New York), and assumed a signifi-
cance level of .05.
Results

Patient Demographics
A total of 139 patients met inclusion criteria (90 fe-

males [65.0%] and 49 males [35.0%], mean age: 21.7
� 8.2 years, mean BMI: 25.8 � 5.9), with 83 included
for analysis at 6 months and 56 included at 1 year
(Appendix Fig. 1). Seven (5.0%) patients had workers’
compensation status, and 15 (13.0%) were current or
former smokers. 20.9% of patients reported previous
surgeries on the index knee prior to undergoing MPFL
reconstruction. Demographic data and preoperative
PROM scores are summarized in Table 2. Patients who
responded to the anchor questions did not differ
significantly from nonresponders (Table 3).
Patient-Reported Outcomes
Of the 139 patients in the cohort, 108 (77.7%) pa-

tients provided responses to the anchor questions. The
baseline scores are shown in Table 2. Demographic and
preoperative clinical outcomes between responders and
nonresponders were not found to be statistically
different from each other (Table 3). Concomitant pro-
cedures are summarized in Table 1.

Calculating Clinically Significant Outcomes (MCID,
SCB, and PASS)
Change in PROMat 6-month and 1-year from baseline

values are shown in Appendix Table 1. From these, the
distribution-basedMCID, SCB, and PASS thresholds at 6
months and 1 year were calculated (Tables 4, 5, and 6).
The anchor-based approach was used if AUC was
acceptable (>.7); otherwise, the distribution-based
thresholds were implemented. A concise summary of
the calculated thresholds is shown in Table 7.

Variables Associated with Clinical Significance
Preoperative patient demographic data were analyzed

to determine whether any factors were associated with
achieving calculated MCID, SCB, and PASS thresholds.
Univariate and multivariate analyses demonstrated that
greater age is associated with reduced odds of achieving
MCID for IKDC and Kujala (vs symptom), SCB for
Kujala (vs symptom), and PASS for KOOS Symptom,
Pain, and ADL at 6 months. Higher BMI was associated
with reduced odds of achieving PASS for IKDC at 1
year. Male sex increased the odds of achieving PASS for
Kujala at 6 months and for KOOS ADL at 1 year. Lastly,
higher preoperative PRO scores were associated with a
reduced likelihood of achieving MCID, SCB, and PASS
for multiple PROMs at both time points. Logistic
regression results are summarized in Appendix
Tables 2, 3, and 4.

Discussion
The present study established values for the MCID,

SCB, and PASS at 6 months and 1 year postoperatively
for patients undergoing primary MPFL reconstruction
with respect to commonly administered knee and
patellofemoral outcome measures, including IKDC,
Kujala, KOOS JR, and KOOS subscales (Pain, Symp-
toms, ADL, Sport, and QOL) (Table 7). We chose the 6-
month follow-up over a later time point to align with
the 4-to-6-month return to sport timetable that is
commonly used for rehabilitation following MPFL
reconstruction, according to previously published pro-
tocols.10 Additionally, earlier timepoints have been
previously shown to be more useful for calculating
the MCID using the anchor-based method, because the
relatively smaller percentage of patients falling into the
“no change” group at later time points lends a negative
influence on the power of the calculations.3,23 Finally,



Table 3. Comparison of Responders and Nonresponders on Anchor Questions

Not Missing Anchor Questions (n ¼ 108) Missing Anchor Questions (n ¼ 31) P Value

Age (years) 22.2 � 8.8 20.7 � 6.7 .29
Sex, M:F 39:69 10:21 .16
BMI 25.5 � 6.0 26.3 � 5.5 .46
WC 5 (4.6%) 2 (6.5%) .17
Smoker 14 (13.0%) 1 (3.2%) .19
Laterality, L:R 71 (65.7%):37 (34.3%) 29 (61.3%):12 (38.7%) .62
IKDC 48.0 � 18.2 45.8 � 18.3 .53
KOOS Symptom 63.4 � 18.0 63.4 � 17.9 .99
KOOS Pain 67.4 � 17.0 65.0 � 20.0 .54
KOOS ADL 76.8 � 17.4 73.9 � 19.3 .45
KOOS Sport 35.9 � 26.1 37.3 � 26.2 .80
KOOS QOL 27.1 � 19.8 24.7 � 16.2 .53
KOOS JR 66.7 � 14.4 64.3 � 15.0 .38
Kujala 57.9 � 18.1 57.5 � 19.7 .92

ADL, activities of daily living; BMI, body mass index; IKDC, International Knee Documentation Committee; JR, joint replacement; KOOS, Knee
Injury and Osteoarthritis Outcome Score; QOL, quality of life; WC, Workers Compensation.
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because of the relative paucity of the literature on the
topics of postoperative outcomes and recovery timeta-
bles after MPFL reconstruction, we also wanted to allow
for analysis of both 6-month and 1-year postoperative
data to help fill these gaps in the literature.
The three commonly accepted strategies used to

determine the MCID include “anchor-based”, “distri-
bution-based” or “opinion-based” methodologies.16,24

The United States Food and Drug Administration’s
(FDA) final guidelines to industry when evaluating
effectiveness of treatment using PROMs recommends
the anchor-based approach to demonstrate treatment
benefit.25 The anchor-based approach allows for the
comparison of changes in PROMs against anchor
questions that assess subjective improvement in global
domains such as overall symptoms or function.16,24,26

The distribution-based method uses statistical analysis
to determine the minimal clinically significant change
for a given PROM, but has only been validated for use
with calculating MCID.1,21 In the present study,
anchor-based and distribution-based methods were
both used to determine MCID to enhance predictive
power, and only the anchor-based method was used to
determine SCB and PASS. Although some studies have
argued for the use of both anchor- and distribution-
based methods to determine MCID,1,27 one drawback
is the difficultly in explaining discrepancies that may
arise. Several inconsistencies were observed in the
current study, including the MCID and SCB for multiple
PROMs, which may be attributed to the low predictive
power of these values, as evidenced by their unac-
ceptable AUCs. In these cases, the distribution-based
scores were used to define MCID, as the low AUCs
suggested the anchor-based values were unreliable. By
minimizing the use of thresholds that have unaccept-
able AUCs, we were able to maximize the predictive
power of these models and reduce potential bias.
Using the calculated threshold values, we found
several factors associated with failing to achieve these
clinically significant outcomes following primary MPFL
reconstruction, including advanced age at time of sur-
gery, higher preoperative PRO scores, and higher BMI.
Conversely, we found that male gender was associated
with a greater likelihood of achieving PASS for Kujala
at 6 months, and KOOS Symptom and ADL at 1 year.
These threshold values are important in providing
physicians and patients with benchmarks for post-
operative recovery as well as insight into the changes in
PROM scores necessary to achieve improvements after
MPFL reconstruction that are significant and acceptable
to the patient.
The use of MPFL reconstruction to treat recurrent

patellar instability has gained much popularity in recent
years, owing to its effectiveness in restoring the medial
restraining forces of the patella6,7 and positive clinical
outcomes.28,29 A 2016 systematic review and meta-
analysis of 14 studies reported an average post-
operative Kujala score of 85.8 with an 84.1% return to
sport rate following isolated MPFL reconstruction in the
setting of chronic patellar instability, as well as low
incidence of recurrent instability, postoperative appre-
hension, and revision surgery in the short-term.28

Sappey-Marinier et al29 reported a similar improve-
ment in Kujala following isolated MPFL reconstruction,
with patients improving from an average score of 56.1
preoperatively to 88.8 postoperatively. These authors
also found that over 84% of patients returned to sport
at the same level of performance. In the current study
looking at MPFL reconstructions performed in isolation
and with minor concomitant procedures, we found that
Kujala improved from a baseline of 57.8 to 82.8 at 6
months and to 86.5 at 1 year postoperatively. Overall,
we found that the change from baseline improved for
all PROMs from 6 months to 1 year. This improvement



Table 4. MCID Values at 6 Months and 1 Year

Assessment MCID (Anchor) Specificity (%) Sensitivity (%) AUC MCID (Distribution)

6 Months
IKDC Unable to compute 9.7
KOOS Symptom 26.79 33.3 100.0 .333 9.6
KOOS Pain 8.33 100.0 100.0 1.000 10.3
KOOS ADL �5.15 100.0 14.3 .429 9.4
KOOS Sport 12.50 100.0 28.6 .571 12.4
KOOS QOL 12.50 55.6 50.0 .417 12.2
Kujala vs Function Unable to Compute 8.5
Kujala vs Symptom 13.50 71.4 80.0 .743 9.1
KOOS JR vs Pain 15.61 55.6 75.0 .556 7.5
KOOS JR vs Symptom 20.44 28.6 100.0 .557 7.6
KOOS JR vs ADL 1.49 88.9 30.8 .479 7.7
1 Year
IKDC 23.57 62.5 100.0 .688 8.6
KOOS Symptom 18.86 0 100.0 .222 10.8
KOOS Pain 4.17 80.0 100.0 .900 9.9
KOOS ADL 7.24 83.3 66.7 .850 10.7
KOOS Sport 15.00 83.3 50.0 .639 14.0
KOOS QOL 9.38 100.0 66.7 .667 12.4
Kujala vs Function 30.5 50.0 100.0 .500 9.9
Kujala vs Symptom 30.0 0 100.0 .000 9.8
KOOS JR vs Pain 8.16 83.3 40.0 .533 7.9
KOOS JR vs Symptom �4.56 100.0 25.0 .333 8.1
KOOS JR vs ADL 25.18 50.0 100.0 .750 8.1

Bold indicates AUC > .7. ADL, activities of daily living; AUC, area under the curve; IKDC, International Knee Documentation Committee; JR,
joint replacement KOOS, Knee Injury and Osteoarthritis Outcome Score; MCID, minimal clinically important difference; QOL, quality of life.

Table 5. SCB Values at 6 Months and 1 Year

Assessment SCB (Anchor) Specificity (%) Sensitivity (%) AUC

6 Months
IKDC Unable to Compute
KOOS Symptom 14.29 55.9 100.0 .559
KOOS Pain 1.39 78.8 100.0 .833
KOOS ADL 25.74 38.5 85.7 .569
KOOS Sport 47.50 39.1 87.5 .596
KOOS QOL 43.66 52.0 100 .735
Kujala vs Function Unable to Compute
Kujala vs Symptom 13.50 87.2 80.0 .869
KOOS JR vs Pain 21.43 34.0 100.0 .559
KOOS JR vs Symptom 21.43 30.2 100.0 .653
KOOS JR vs ADL 23.52 28.2 92.3 .579
1 Year
IKDC 23.56 80.0 100.0 .886
KOOS Symptom 4.17 83.3 100.0 .917
KOOS Pain 19.65 59.3 100.0 .722
KOOS ADL 6.50 81.8 66.7 .855
KOOS Sport 55.00 50.0 100.0 .767
KOOS QOL 6.25 95.7 66.7 .688
Kujala vs Function 30.0 53.6 100.0 .554
Kujala vs Symptom 30.0 55.2 100.0 .600
KOOS JR vs Pain 19.62 60.6 100.0 .761
KOOS JR vs Symptom 27.05 38.5 100.0 .638
KOOS JR vs ADL 25.18 46.9 100.0 .758

Bold indicates AUC > .7; AUC, area under the curve; ADL, activities of daily living; IKDC, International Knee Documentation Committee;
KOOS, Knee injury and Osteoarthritis Outcome Score; JR, joint replacement; QOL, quality of life; SCB, substantial clinical benefit.
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Table 6. PASS Values at 6 Months and 1 Year

Assessment PASS (Anchor) Specificity (%) Sensitivity (%) AUC

6 Months
IKDC 64.9 81.5 83.3 .831
KOOS Symptom 83.3 75.0 81.8 .773
KOOS Pain 76.8 71.9 81.8 .747
KOOS ADL 91.2 81.3 90.9 .863
KOOS Sport 47.5 90.6 72.7 .866
KOOS QOL 40.6 90.6 72.7 .883
Kujala 84.5 76.7 93.3 .834
KOOS JR 78.1 69.8 94.4 .814
1 Year
IKDC 65.5 94.9 75.0 .838
KOOS Symptom 80.4 74.1 100.0 .907
KOOS Pain 84.7 77.8 83.3 .806
KOOS ADL 99.3 44.4 100.0 .790
KOOS Sport 57.5 92.9 83.3 .920
KOOS QOL 53.1 85.2 83.3 .815
Kujala 83.5 71.4 83.3 .757
KOOS JR 76.3 86.8 75.0 .827

Bold indicates AUC > 0.7. ADL, activities of daily living; AUC, area under the curve; IKDC, International Knee Documentation Committee; JR,
joint replacement KOOS, Knee Injury and Osteoarthritis Outcome Score; PASS, patient-acceptable symptomatic state; QOL, quality of life.
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aligns with the 4-to-6-month recovery timetable pre-
viously published,10 and continues up to 1 year after
surgery. Outcomes beyond 1 year are beyond the scope
of the current study, and further investigation using
longer follow-up timeframes is warranted.
Within MPFL reconstruction surgery, the importance

of preoperative and demographic variables associated
with postoperative outcomes is well recognized.29-32 In
our study, we found that older age at time of surgery
was associated with a decline in postoperative out-
comes, carrying a reduced odds ratio of achieving
MCID, SCB, and PASS for multiple PROMs at 6 months.
We also found that higher BMI at the time of surgery
exerted a negative influence on achieving PASS for
IKDC at 1 year. These results corroborate previous
Table 7. Summary of MCID, SCB, and PASS Threshold Values a

MCID

6 Months 1 Year

IKDC 9.7 8.6
KOOS Symptom 9.6 10.8
KOOS Pain 8.3 4.2
KOOS ADL 9.4 7.2
KOOS Sport 12.4 14.0
KOOS QOL 12.2 12.4
Kujala vs function 8.5 9.9
Kujala vs symptom 13.5 9.8
KOOS JR vs pain 7.5 7.9
KOOS JR vs symptom 7.6 8.1
KOOS JR vs ADL 7.7 25.2

Bold indicates AUC > .7. ADL, activities of daily living; AUC, area under
joint replacement KOOS, Knee Injury and Osteoarthritis Outcome Score; M
symptomatic state; QOL, quality of life; SCB, substantial clinical benefit.
literature highlighting the negative influence of age on
postoperative outcomes.30 Interestingly, however, we
found that male sex positively influenced the odds of
achieving PASS for Kujala at 6 months, and for KOOS
Symptom and ADL at 1 year, which contradicts prior
studies that found sex to be noninfluential on post-
operative outcomes.30

Lastly, we found that higher preoperative scores were
negative prognosticators for achieving MCID and SCB
but slightly positively influenced the achievement of
PASS for KOOS QOL at 6 months, which corroborates
an existing trend in the literature.31-34 This is fairly
intuitive because patients with greater symptoms and
impairment before surgery have more room for
improvement and, thus, are likely to achieve a greater
t 6 Months and 1 Year

SCB PASS

6 Months 1 Year 6 Months 1 Year

23.6 64.9 65.5
14.3 4.2 83.3 80.4
1.4 19.7 76.8 84.7

25.7 6.5 91.2 99.3
47.5 55.0 47.5 57.5
43.7 6.3 40.6 53.1

30.0 84.5 83.5
13.5 30.0
21.4 19.6 78.1 76.3
21.4 27.1
23.5 25.2

the curve; IKDC, International Knee Documentation Committee; JR,
CID, minimal clinically important difference; PASS, patient-acceptable
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increase in their outcome scores. On the other hand,
PASS represents postoperative scores rather than a
change from baseline, which means patients with
higher preoperative scores are already closer to
achieving this threshold. The propensity for patients
with greater symptoms and impairment to report
improvement is particularly important and should be
emphasized during clinical decision making and pre-
operative counseling.
Although all PROMs improved from 6 months to 1

year, this study found a relative decrease in the MCID
thresholds for IKDC, Kujala (vs symptom), and KOOS
Symptom, Pain, ADL, and Sport; a relative decrease in
the SCB threshold for KOOS Symptom, ADL, QOL, and
KOOS JR (vs. pain); and a relative decrease in the PASS
threshold for KOOS Symptom, Kujala, and KOOS JR
over the same time period. We also found that the
MCID threshold for Kujala (vs symptom) at 6 months
and KOOS JR (vs ADL) at 1 year were equivalent to the
SCB threshold. Additionally, the SCB thresholds were
found to be lower than those for MCID for KOOS Pain
at 6 months, as well as KOOS Symptom, ADL, and QOL
at 1 year. These discrepancies are likely attributable to a
lower quantity of patient data available for analysis at 1
year, as well as for patients categorized into the “min-
imal change” group. One difficulty that arose in our
calculations was the significant skewedness of patients
failing into the “substantial improvement” category
compared with the “no change” and “minimal
improvement” categories, which may account for the
relatively lower AUC values found for MCID. On the
extreme end, zero patients fell into the “no change”
groups for IKDC and Kujala (vs function) at 6 months,
thus precluding any anchor-based analysis of those
thresholds. Furthermore, we observed for many of the
lowest AUC values that the average scores for the “no
change” group were greater than the average values for
the corresponding “minimal change” group, which is
fairly intuitive because the ROC/AUC analysis evaluates
how well the model distinguishes between the two
groups and this inverse trend indicates a poor model.
The relatively higher average values in these “no
change” group were likely affected by the lower
quantity of patient data available for analysis and may
not reflect a true average. It remains to be seen if a
larger sample size would help elucidate these trends,
and further investigation is warranted.

Limitations
This study is not without inherent limitations. First,

our study was underpowered because our patient
follow-up at 1 year was 40%. This limited our sample
size and increased the risk of a selection bias in our
cohort, as well as potentially reduced the generaliz-
ability and internal validity of these results. Second,
while several commonly used PROMs related to knee
symptoms, pain, and function were analyzed in this
study, PROMs specific to patellar instability, such as the
Banff Patella Instability Instrument and the Norwich
Patellar Instability Score, were not included and, thus,
limits the utility of these results for patients undergoing
MPFL reconstruction. In our practice, these PROMs are
not routinely administered, so these data were not
available for analysis and additional inquiry into these
PROMs and their outcome scores is needed. Third, the
inclusion of minor concomitant procedures introduces a
potential confounding variable. This effect was mini-
mized by the exclusion of all major concomitant pro-
cedures that had the ability to alter surgical techniques
or rehabilitation protocols. Given the relatively minor
concomitant procedures included in this study, isolated
and combination MPFL reconstructions were deemed
to be sufficiently comparable for analysis. Fourth, the
fact that 20.9% of our patient cohort had prior surgery
on the index knee represents another potential con-
founding variable; however, the heterogeneity of these
prior surgeries and the relatively low numbers of pa-
tients in each category precluded proper analysis of
their effects. Further investigation with a larger patient
population is needed to ascertain any influence that
these variables and limitations may have. Lastly, this
study was a retrospective review of prospectively
collected data. As a result, we were unable to introduce
an anchor question for anchor-based sensitivity analysis
and, thus, were unable to perform any sensitivity an-
alyses around our threshold values. The MCID, SCB,
and PASS were calculated using a combination of an-
chor- and distribution-based methods,34,35 and neither
is without its pitfalls nor do either demonstrate
consistent superiority. Ideally, the disease under
investigation and characteristics of the data should
drive the determination of the methodologies used.34

Conclusion
This study established values for the MCID, SCB, and

PASS at 6 months and 1 year after MPFLR, providing
physicians an evidence-based method to advise patients
and assess outcomes regarding this surgery. Older pa-
tients and those higher preoperative outcome scores are
less likely to report improvement and satisfaction with
MPFLR, while male patients are more likely to report
some satisfaction.
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Appendix Table 1. Net Change in Outcome Scores at 6
Months and 1 Year Postoperatively

Assessment

Change in Outcome Scores

6 Months 1 Year

IKDC 25.50 � 19.36 30.92 � 17.17
KOOS Symptom 17.67 � 19.28 17.75 � 21.70
KOOS Pain 20.06 � 20.63 20.52 � 19.84
KOOS ADL 18.38 � 18.73 18.64 � 21.33
KOOS Sport 34.50 � 24.89 35.47 � 28.09
KOOS QOL 30.92 � 24.44 41.48 � 24.79
Kujala vs Function 27.08 � 16.92 30.10 � 19.87
Kujala vs Symptom 25.86 � 18.23 29.97 � 19.57
KOOS JR vs Pain 14.54 � 14.92 20.87 � 15.87
KOOS JR vs Symptom 13.49 � 15.25 20.34 � 16.17
KOOS JR vs ADL 13.95 � 15.47 20.34 � 16.17

IKDC, International Knee Documentation Committee; KOOS, Knee
injury and Osteoarthritis Outcome Score; ADL, Activities of Daily
Living; QOL, Quality of Life; JR, Joint Replacement.

Assessed for eligibility (n=213)

Pa ents available for analysis (n=139)

Excluded (n=74)
- Revision (n= 14)
- No preopera ve PROM data (n=18)
- Significant concomitant procedures (n=42)

Completed 6-month follow-up and included in analysis, 
n=83 (60%)

Completed 1-year follow-up and included in analysis, 
n=56 (40%)

Appendix Fig. 1. STROBE Flow Diagram of Development of
Cohort
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Appendix Table 2. Logistic Regression of Variables Associated with Achieving MCID at 6 Months and 1 Year

Questionnaire Factor

6 Months 12 Months

Univariate Multivariate OR (95% CI) Univariate Multivariate OR (95% CI)

IKDC Sex 0.850 1.111 (0.372 e 3.320) 0.860 0.897 (0.269 e 2.988)
Age 0.004 0.001 0.861 (0.789 e 0.939) 0.446 0.975 (0.914 e 1.040)
BMI 0.174 0.950 (0.883 e 1.022) 0.477 0.972 (0.898 e 1.052)
WC 0.134 0.148 (0.013 e 1.722) 0.930 1.118 (0.095 e 13.150)
Age at First Instability Event 0.137 0.972 (0.908 e 1.040) 0.562 1.023 (0.948 e 1.103)
Number of Instability Events 0.483 0.989 (0.958 e 1.020) 0.253 0.954 (0.880 e 1.034)
Preoperative PRO Score 0.027 0.004 0.946 (0.911 e 0.983) 0.010 0.954 (0.921 e 0.989)

KOOS Symptoms Sex 0.313 0.478 (0.114 e 2.004) 0.509 1.625 (0.384 e 6.872)
Age 0.803 1.010 (0.933 e 1.094) 0.342 1.049 (0.950 e 1.159)
BMI 0.093 .901 1.009 (0.877 e 1.160) 0.260 1.061 (0.957 e 1.177)
WC 0.685 0.556 (0.032 e 9.535) 0.878 0.800 (0.046 e 13.812)
Age at First Instability Event 0.828 0.992 (0.919 e 1.070) 0.158 1.087 (0.968 e 1.219)
Number of Instability Events 0.261 1.160 (0.895 e 1.503) 0.397 0.944 (0.826 e 1.079)
Preoperative PRO Score 0.001 0.002 0.911 (0.857 e 0.967) 0.004 0.906 (0.847 e 0.968)

KOOS Pain Sex 0.234 0.417 (0.098 e 1.763) 0.740 0.762 (0.153 e 3.802)
Age 0.600 1.022 (0.942 e 1.110) 0.484 1.043 (0.926 e 1.176)
BMI 0.137 1.091 (0.973 e 1.122) 0.289 1.081 (0.936 e 1.247)
WC 0.633 0.726 (0.029 e 8.602) predicts success perfectly
Age at First Instability Event 0.105 1.089 (0.982 e 1.208) 0.078 0.176 1.1456 (0.941 e 1.340)
Number of Instability Events 0.355 0.964 (0.891 e 1.042) 0.170 0.791 (0.565 e 1.106)
Preoperative PRO Score 0.032 0.961 (0.926 e 0.996) 0.036 0.100 0.949 (0.890 e 1.010)

KOOS ADL Sex 0.229 0.413 (0.098 e 1.745) 0.885 1.123 (0.235 e 5.359)
Age 0.910 1.004 (0.930 e 1.085) 0.426 1.046 (0.936 e 1.170)
BMI 0.212 1.064 (0.965 e 1.173) 0.321 1.065 (0.941 e 1.204)
WC 0.843 0.750 (0.044 e 12.816) 0.513 0.385 (0.022 e 6.757)
Age at First Instability Event 0.284 1.046 (0.964 e 1.134) 0.065 0.205 1.157 (0.923 e 1.451)
Number of Instability Events 0.299 0.950 (0.863 e 1.047) 0.298 0.917 (0.780 e 1.079)
Preoperative PRO Score 0.001 0.878 (0.814 e 0.948) 0.007 0.032 0.912 (0.839 e 0.992)

KOOS Sport Sex 0.456 2.333 (0.252 e 21.634) 0.355 0.505 (0.119 e 2.145)
Age 0.539 0.971 (0.882 e 1.068) 0.919 1.005 (0.909 e 1.112)
BMI 0.275 1.086 (0.936 e 1.261) 0.568 0.973 (0.884 e 1.070)
WC 0.275 0.200 (0.011 e 3.592) 0.634 0.500 (0.029 e 8.706)
Age at First Instability Event 0.949 0.997 (0.906 e 1.096) 0.450 1.044 (0.934 e 1.167)
Number of Instability Events 0.692 1.027 (0.901 e 1.170) 0.304 0.931 (0.811 e 1.067)
Preoperative PRO Score 0.096 0.974 (0.944 e 1.005) 0.092 0.976 (0.948 e 1.004)

KOOS QOL Sex 0.679 0.718 (0.150 e 3.442) predicts success perfectly Collinearity
Age 0.731 0.985 (0.904 e 1.074) 0.712 1.032 (0.875 e 1.216)
BMI 0.390 1.052 (0.937 e 1.180) 0.854 1.015 (0.865 e 1.191)
WC 0.426 0.313 (0.179 e 5.464) predicts success perfectly
Age at First Instability Event 0.421 1.040 (0.945 e 1.145) 0.444 1.074 (0.895 e 1.289)
Number of Instability Events 0.171 1.310 (0.890 e 1.929) 0.975 1.002 (0.859 e 1.170)
Preoperative PRO Score 0.084 0.970 (0.936 e 1.004) 0.522 1.025 (0.951 e 1.105)

(continued)
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Appendix Table 2. Continued

Questionnaire Factor

6 Months 12 Months

Univariate Multivariate OR (95% CI) Univariate Multivariate OR (95% CI)

Kujala Function Sex 0.387 0.500 (0.104 e 2.403) predicts success perfectly Collinearity
Age 0.755 0.981 (0.890 e 1.088) predicts success perfectly
BMI 0.699 0.980 (0.886 e 1.085) predicts success perfectly
WC 0.324 0.280 (0.022 e 3.506) predicts success perfectly
Age at First Instability Event 0.551 0.969 (0.873 e 1.075) predicts success perfectly
Number of Instability Events 0.931 1.002 (0.950 e 1.058) 0.369 0.741 (0.386 e 1.424)
Preoperative PRO Score 0.088 0.959 (0.913 e 1.006) predicts success perfectly

Kujala Symptoms Sex 0.856 1.143 (0.269 e 4.859) predicts success perfectly Collinearity
Age 0.051 0.013 0.862 (0.766 e 0.970) predicts success perfectly
BMI 0.298 0.957 (0.881 e 1.040) predicts success perfectly
WC 0.094 0.234 0.182 (0.011 e 3.000) predicts success perfectly
Age at First Instability Event 0.214 0.947 (0.870 e 1.032) predicts success perfectly
Number of Instability Events 0.188 0.976 (0.942 e 1.012) 0.369 0.741 (0.386 e 1.424)
Preoperative PRO Score 0.043 0.007 0.931 (0.884 e 0.980) predicts success perfectly

KOOS JR Pain Sex 0.894 1.071 (0.387 e 2.968) 0.932 1.067 (0.241 e 4.715)
Age 0.792 1.008 (0.947 e 1.074) 0.968 1.002 (0.903 e 1.112)
BMI 0.204 1.051 (0.973 e 1.135) 0.591 1.031 (0.923 e 1.152)
WC 0.925 1.125 (0.097 e 12.989) predicts success perfectly
Age at First Instability Event 0.659 1.015 (0.950 e 1.085) 0.099 0.830 1.023 (0.830 e 1.260)
Number of Instability Events 0.431 1.017 (0.975 e 1.060) 0.098 0.130 0.922 (0.830 e 1.024)
Preoperative PRO Score 0.066 0.969 (0.937 e 1.002) 0.087 0.020 0.907 (0.835 e 0.985)

KOOS JR Symptoms Sex 0.894 1.071 (0.387 e 2.968) 0.631 1.429 (0.333 e 6.131)
Age 0.972 1.009 (0.947 e 1.074) 0.649 1.024 (0.926 e 1.132)
BMI 0.204 1.051 (0.973 e 1.135) 0.381 1.050 (0.941 e 1.172)
WC 0.925 1.125 (0.097 e 12.989) predicts success perfectly
Age at First Instability Event 0.659 1.015 (0.950 e 1.085) 0.109 1.138 (0.972 e 1.333)
Number of Instability Events 0.431 1.017 (0.975 e 1.060) 0.156 0.944 (0.871 e 1.022)
Preoperative PRO Score 0.066 0.969 (0.937 e 1.002) 0.003 0.899 (0.839 e 0.964)

KOOS JR ADL Sex 0.894 1.071 (0.387 e 2.968) 0.631 1.429 (0.333 e 6.131)
Age 0.792 1.009 (0.947 e 1.074) 0.649 1.024 (0.926 e 1.132)
BMI 0.204 1.051 (0.973 e 1.135) 0.381 1.050 (0.941 e 1.172)
WC 0.925 1.125 (0.097 e 12.989) predicts success perfectly
Age at First Instability Event 0.659 1.015 (0.950 e 1.085) 0.109 1.138 (0.971 e 1.333)
Number of Instability Events 0.431 1.017 (0.975 e 1.060) 0.156 0.944 (0.871 e 1.022)
Preoperative PRO Score 0.066 0.969 (0.937- 1.002) 0.003 0.899 (0.837 e 0.964)

Bold indicates significant value (P < .05 and OR does not cross 1.0). All univariate and multivariate analyses reported as P values. Odds Ratio is reported for multivariate regression if
significant, otherwise corresponds to univariate regression.OR, odds ratio; 95% CI, 95% confidence interval; MCID, minimal clinically important difference; IKDC, International Knee
Documentation Committee; KOOS, Knee Injury and Osteoarthritis Outcome Score; ADL, activities of daily living; QOL, quality of life; JR, joint replacement; BMI, body mass index; WC,
workers’ compensation; PRO, patient-reported outcome.
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Appendix Table 3. Logistic Regression of Variables Associated with Achieving SCB at 6 Months and 1 Year

Questionnaire Factor

6 Months 12 Months

Univariate Multivariate OR (95% CI) Univariate Multivariate OR (95% CI)

IKDC Sex .860 .897 (.270 e 2.988)
Age .446 .975 (.914 e 1.040)
BMI .477 .972 (.898 e 1.052)
WC .930 1.118 (.095 e 13.150)
Age at First Instability Event .562 1.023 (.948 e 1.103)
Number of Instability Events .253 .954 (.880 e 1.034)
Preoperative PRO Score .010 .954 (.921 e .989)

KOOS Symptoms Sex 1.000 1.000 (.244 e 4.097) predicts success perfectly
Age .536 .976 (.904 e 1.054) .845 1.011 (.903 e 1.133)
BMI .298 1.050 (.958 e 1.150) .313 1.075 (.934 e 1.237)
WC 1.000 1.000 (.059 e 17.065) predicts success perfectly
Age at First Instability Event .652 .983 (.912 e 1.059) .970 .998 (.887 e 1.122)
Number of Instability Events .392 1.041 (.949 e 1.142) .838 1.012 (.902 e 1.135)
Preoperative PRO Score .002 .930 (.888 e .975) .010 .856 (.761 e .963)

KOOS Pain Sex .047 .333 .435 (.081 e 2.347) .438 .545 (.118 e 2.526)
Age .764 1.014 (.927 e 1.109) .072 .801 1.025 (.845 e 1.244)
BMI .242 1.078 (.951 e 1.222) .045 .692 1.032 (.883 e 1.206)
WC predicts success perfectly .695 1.769 (.102 e 30.709)
Age at First Instability Event .247 1.064 (.958 e 1.181) .057 .732 1.039 (.836 e 1.291)
Number of Instability Events .251 .955 (.883 e 1.033) .708 .982 (.890 e 1.082)
Preoperative PRO Score .021 .072 .958 (.914 e 1.004) .003 .009 .892 (.819 e .972)

KOOS ADL Sex .191 .232 (.026 e 2.070) .885 1.123 (.235 e 5.359)
Age .791 .988 (.906 e 1.078) .426 1.046 (.936 e 1.170)
BMI .069 .469 1.042 (.932 e 1.166) .321 1.065 (.941 e 1.204)
WC .477 2.818 (.162 e 49.008) .513 .385 (.022 e 6.757)
Age at first instability event .591 1.022 (.943e 1.108) .065 .409 .958 (.866e 1.060)
Number of instability events .622 .973 (.874 e 1.084) .298 .917 (.780e 1.079)
Preoperative PRO score .003 .007 .937 (.894 e .983) .007 .004 .924 (.876e .975)

KOOS Sport Sex .295 .309 (.034 e2.791) .716 .750 (.159e 3.532)
Age .692 .981 (.894 e1.077) .371 1.048 (.946 e 1.161)
BMI .638 1.024 (.928 e 1.130) 0.267 1.057 (.959 e 1.164)
WC predicts success perfectly predicts success perfectly
Age at first instability event .591 1.024 (.940 e 1.114) 0.475 1.038 (.937 e 1.151)
Number of instability events .670 .975 (.870 e 1.094) .771 .985 (.892 e 1.089)
Preoperative PRO score .035 .956 (.917 e .997) .013 .944 (.901 e .988)

(continued)
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Appendix Table 3. Continued

Questionnaire Factor

6 Months 12 Months

Univariate Multivariate OR (95% CI) Univariate Multivariate OR (95% CI)

KOOS QOL Sex .888 .896 (.194 e 4.145) predicts success perfectly collinearity
Age .322 .957 (.876 e 1.044) .712 1.032 (.875 e 1.216)
BMI .712 .982 (.892 e 1.080) .854 1.015 (.865 e 1.190)
WC predicts success perfectly predicts success perfectly
Age at First Instability Event .164 .931 (.844 e 1.029) .444 1.074 (.895 e 1.289)
Number of Instability Events .412 1.032 (.957 e 1.112) .975 1.002 (.859 e 1.170)
Preoperative PRO Score .051 .952 (.906 e 1.000) .522 1.025 (.951 e 1.105)

Kujala Function Sex predicts success perfectly collinearity
Age .186 .859 (.686e 1.076)
BMI .242 .844 (.636e 1.121)
WC .858 .750 (.032e 17.506)
Age at first instability event .165 .833 (.643e 1.078)
Number of instability events .753 1.089 (.639e1.856)
Preoperative PRO score .296 1.04 (.967e 1.118)

Kujala Symptoms Sex .856 1.143 (.269 e 4.859) predicts success perfectly
Age .051 .013 .862 (.766 e .970) .186 .859 (.686e 1.076)
BMI .298 .957 (.881 e1.040) .242 1.076 (.636e1.121)
WC .094 .234 .182 (.011 e3.000) .858 .75 (.032e 17.506)
Age at first instability event .214 .947 (.870 e 1.032) .165 .833 (.643 e 1.078)
Number of instability events .188 .976 (.942 e 1.012) .753 1.089 (.639 e 1.856)
Preoperative PRO score .043 .007 .931 (.884 e .980) .296 1.04 (.967e 1.118)

KOOS JR Pain Sex .110 .335 (.088 e 1.282) .356 .556 (.159 e 1.935)
Age .243 .956 (.887 e 1.031) .582 1.024 (.941 e 1.115)
BMI .564 1.022 (.948e 1.102) .529 1.027 (.945 e 1.117)
WC .757 1.474 (.126e 17.184) .848 1.318 (.078 e22.263)
Age at First Instability Event .724 .987 (0.916e 1.062) .300 1.054 (.954 e1.164)
Number of Instability Events .529 .985 (.941 e1.032) .862 .994 (.926e 1.067)
Preoperative PRO score .001 .912 (.864 e.964) .008 .930 (.881e .981)

KOOS JR Symptoms Sex .110 .335 (.088 e1.282) .726 .788 (.208e 2.989)
Age .243 .956 (.887e 1.031) .952 1.003 (.915 e1.099)
BMI .564 1.022 (.948e 1.102) .195 1.061 (.970 e1.159)
WC .757 1.474 (.126e 17.184) .545 2.400 (.141 e40.934)
Age at first instability event .724 .987 (.916 e 1.062) .191 1.071 (.966e 1.188)
Number of instability events .529 .985 (.941e 1.032) .476 .961 (.860e 1.073)
Preoperative PRO score .001 .912 (.864e .964) .002 .822 (.728e .928)

KOOS JR ADL Sex .235 .439 (.113e 1.706) .384 .558 (.149e 2.080)
Age .385 .966 (.893e 1.044) .733 1.015 (.930 e 1.108)
BMI .262 1.045 (.967e 1.129) .297 1.047 (.960 e 1.141)
WC .626 1.844 (.157e 21.650) .675 1.833 (.108 e 31.088)
Age at first instability event .721 .986 (.911 e 1.067) .223 1.065 (.962 e 1.178)
Number of instability events .583 .986 (.940 e 1.036) .994 1.000 (.931 e 1.074)
Preoperative PRO score .005 .929 (.883 e .978) .002 .892 (.830 e .958)

Bold indicates significant value (P < .05 and OR does not cross 1.0). All univariate and multivariate analyses reported as P values. The odds ratio is reported for multivariate regression if
significant, otherwise corresponds to univariate regression. OR, odds ratio; 95% CI, 95% confidence interval; SCB, substantial clinical benefit; IKDC, International Knee Documentation
Committee; KOOS, Knee Injury and Osteoarthritis Outcome Score; ADL, activities of daily living; QOL, quality of life; JR, joint replacement; BMI, body mass index; WC, workers’
compensation; PRO, patient-reported outcome.
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Appendix Table 4. Logistic Regression of Variables Associated With Achieving PASS at 6 Months and 1 Year

Questionnaire Factor

6 Months 12 Months

Univariate Multivariate Or (95% CI) Univariate Multivariate Or (95% CI)

IKDC Sex .028 .073 2.950 (.905e 9.623) .884 1.098 (.313e 3.847)
Age .004 .348 .963 (.891e 1.041) .014 .983 .999 (.899e 1.110)
BMI .004 .262 .952 (.874e 1.037) .001 .020 .885 (.799e .981)
WC .609 .643 (.118e 3.496) .078 .585 .530 (.055e 5.150)
Age at first instability event .012 .846 .992 (.916e 1.074) .013 .849 .990 (.889e 1.102)
Number of instability events .439 .990 (.965e 1.016) .637 1.017 (.948e 1.090)
Preoperative PRO score .002 .082 1.028 (.996e 1.060) .033 .344 1.022 (.977e 1.070)

KOOS Symptoms Sex .093 .432 1.587 (.502e 5.020) .117 2.825 (.770e 10.360)
Age .054 .016 .900 (.825e 0.980) .936 .997 (.938e 1.060)
BMI .015 .854 .990 (.892e 1.099) .175 .948 (.877e 1.024)
WC .694 1.543 (.178e 13.363) .865 .828 (.093e 7.325)
Age at first instability Event .114 .962 (.917e 1.009) .793 1.009 (.943e 1.080)
Number of instability events .190 1.070 (.967e 1.185) .872 .997 (.963 e 1.032)
Preoperative PRO score .078 .419 1.013 (.982e 1.044) .238 1.018 (.988e 1.049)

KOOS Pain Sex .073 .166 8.470 (.412e 174.335) .059 7.385 (.930e 58.606)
Age .002 .022 .823 (.696e .973) .367 .972 (.914e 1.034)
BMI .003 .778 1.024 (.869e 1.206) .597 .976 (.891e 1.069)
WC .590 .545 (.061e 4.948) .649 .600 (.067e 5.407)
Age at first instability event .009 .493 .950 (.821e 1.100 .936 .997 (.929e 1.070)
Number of instability events .450 1.047 (.930e 1.178) .796 .995 (.959e 1.032)
Preoperative PRO score .004 .059 1.060 (.998e 1.127) .368 1.015 (.983e 1.048)

KOOS ADL Sex .068 .424 1.923 (.388e 9.536) .033 3.424 (1.102 e10.634)
Age .020 .040 .878 (.776e .994) .918 .997 (.947 e1.051)
BMI .013 .605 1.035 (.908e1.179) .822 .992 (.922e1.066)
WC .961 .947 (.108e8.335) .461 .527 (.096e2.889)
Age at first instability event .040 .593 .970 (.869e1.084) .764 1.009 (.953e1.068)
Number of instability events .324 1.056 (.948e1.176) .841 1.003 (.970e1.038)
Preoperative PRO score .005 .074 1.035 (.997 e 1.074) .156 1.018 (.993e 1.048)

KOOS Sport Sex .176 2.938 (.617e 11.983 .719 1.293 (.319e 5.242)
Age .019 .399 .941 (.817 e 1.084) .449 .973 (.908 e 1.043)
BMI .003 .644 .969 (.848 e 1.108) .036 .221 .937 (.844 e 1.040)
WC .590 .545 (.060 e 4.948) .468 .439 (.048 e 4.053)
Age at first instability event .025 .634 .970 (.855e 1.100) .986 1.001 (.922e 1.086)
Number of instability events .411 1.060 (.922e 1.219) .585 .990 (.955e 1.026)
Preoperative PRO score .005 .053 1.047 (.999e 1.096) .062 .164 1.026 (.989e 1.064)

KOOS QOL Sex .341 1.917 (.502-7.321) .307 2.293 (.467e 11.248)
Age .105 0.953 (.898 e 1.010) .372 .969 (.905e 1.038)
BMI .052 .209 .942 (.858e 1.034) .630 .975 (.881e 1.080)
WC .649 .600 (.067e 5.407) .468 .439 (.04 e 4.053)
Age at first instability event .207 0.962 (.907e 1.021) .943 1.003 (.923e 1.090)
Number of instability events .433 1.05 (.934e 1.171) .601 .990 (.955e 1.027)
Preoperative PRO score .027 .045 1.053 (1.001 e1.108) .098 1.043 (.992 e 1.098)

(continued)
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Appendix Table 4. Continued

Questionnaire Factor

6 Months 12 Months

Univariate Multivariate Or (95% CI) Univariate Multivariate Or (95% CI)

KOOS JR Sex .179 1.761 (.771e4.022) .134 3.272 (.695e15.406)
Age .010 .065 .926 (0.853e1.005) .102 .952 (.898e1.001)
BMI .019 .955 1.002 (.923e 1.089) .292 .954 (.875e 1.041)
WC .354 .481 (.102e 2.258) .649 .600 (.067e 5.407)
Age at first instability event .024 .862 .993 (.918e 1.075) .854 .993 (.927e 1.065)
Number of Instability Events .927 .999 (.973e 1.026) .542 .990 (.958e1.023)
Preoperative PRO Score .006 .059 1.032 (.999e 1.067) .122 1.036 (.991 e 1.082)

Kujala Sex .085 .022 6.624 (1.307 e33.573) .102 3.615 (.775e 16.866)
Age .141 .964 (.919e 1.012) .249 .966 (.911e 1.024)
BMI .018 .330 .955 (.871e 1.047) .049 .209 .946 (.867e 1.032)
WC .461 .528 (.096e 2.889) .706 .655 (.073e 5.875)
Age at first instability event .039 .539 .974 (.896e 1.059) .624 .984 (.923e 1.049)
Number of instability events .771 .996 (.968e 1.025) .702 .993 (.961e 1.027)
Preoperative PRO score .004 .096 1.032 (.994e 1.070) .017 .059 1.035 (.999e 1.072)

Bold indicates significant value (P < .05 and/or does not cross 1.0). All univariate and multivariate analyses reported as P values. Odds Ratio is reported for multivariate regression if
significant, otherwise corresponds to univariate regression. OR, odds ratio; 95% CI, 95% confidence interval; PASS, patient acceptable symptomatic state; IKDC, International Knee Docu-
mentation Committee; KOOS, Knee Injury and Osteoarthritis Outcome Score; ADL, activities of daily living; QOL, quality of life; JR, joint replacement; BMI, body mass index; WC, workers’
compensation; PRO, patient-reported outcome.
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