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Maximal Outcome Improvement Willingness
Thresholds Are Predictive of a Patient’s Willingness to
Undergo the Same Surgery, in Retrospect, Given the
Known Outcome of Their Primary Hip Arthroscopy
David R. Maldonado, M.D., James D. Fox, B.B.A., Cynthia Kyin, B.A.,
Andrew E. Jimenez, M.D., Benjamin R. Saks, M.D., Andrew J. Curley, M.D.,

Ajay C. Lall, M.D., M.S., and Benjamin G. Domb, M.D.

Purpose: To determine the percent maximal outcome improvement willingness thresholds (MOWTs) for the Non-
arthritic Hip Score (NAHS) and the visual analog scale (VAS) for pain that were associated with a patient’s willingness to
undergo surgery, in retrospect, given the known outcome of their primary hip arthroscopy with concomitant endoscopy
for gluteus medius (GM) tear repair.Methods: An anchor question was provided to patients who underwent primary hip
arthroscopy for femoroacetabular impingement syndrome with concomitant endoscopic GM tear repair between April
2008 to April 2020. Patients were included if they answered the anchor question and had baseline and postoperative
minimum 1-year follow-up scores for the NAHS and VAS. Patients were excluded if they had a previous ipsilateral hip
surgery, Tönnis grade >1, hip dysplasia, previous hip conditions, or a preoperative score that was already at the maximum
value for the NAHS and VAS scores. Receiver operating characteristic (ROC) analysis was used to determine the MOWT.
Significance was indicated by a P value <.05. Results: A total of 107 patients (107 hips) were included, with 101 (94.4%)
females and 6 (5.6%) males. The average age and body mass index was 56.20 � 9.88 years and 28.80 � 4.92 kg/m2,
respectively. The average follow-up time was 54.89� 29.52 months. The ROC analysis determined that the MOWT for the
mHHS and VAS were 54.7%, and 62.6%, respectively. The probability of a patient being willing to undergo surgery again
if they met the MOWT was 85.8% and 85.6% for the NAHS and VAS, respectively. Conclusion: The MOWTs that were
predictive of willingness to undergo surgery again following primary hip arthroscopy with concomitant endoscopy for GM
tear repair were 54.7% and 62.6% for the NAHS, and VAS, respectively. Clinical Relevance: Outcome assessment has
been a point of increasing emphasis in hip preservation surgery. Having a tool to measure whether patients would go
through the process of surgery again knowing their current outcome status is important to understanding outcomes after
surgery.
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Table 2. Patient-Reported Outcome Scores

Parameter Score
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Introduction
emoroacetabular syndrome (FAIS) in combination
NAHS (means � SD, CI)
Preoperative 57.72 [55.18, 60.26]
Latest 82.99 [79.87, 86.11]
Pre-Postoperative P value <0.001
Improvement 25.27 [21.54, 29.00]

VAS (means � SD, CI)
Preoperative 5.49 [5.13, 5.84]
Latest 2.12 [1.67, 2.58]
Pre-Postoperative P value <0.001
Improvement -3.36 [-3.88, -2.85]

Patient Willingness
Would choose to undergo

surgery again
89 (83.2)

Would not choose to undergo
surgery again

18 (16.8)

Values are presented as number (%) or mean [95% confidence
interval (CI)].
NAHS, nonarthritic hip score; VAS, visual analog scale for pain.
Fwith a symptomatic gluteus medius (GM) tear is
relatively uncommon. In a cross-sectional study that
included 2,452 patients with FAIS diagnosis, Meghpara
et al. determined that 3.5% had symptomatic partial-
thickness tears, and 0.4% had symptomatic full-
thickness tears.1 Hence, this is an injury in which age
also is reported to play a role with patients over 40
years having 2.11 relative risk of GM pathology
compared with patients younger than 40 years.1

Nevertheless, combined FAIS arthroscopic manage-
ment with endoscopic GM repair has been demon-
strated to be a safe and valid procedure with significant
improvements in patient-reported outcome scores
(PROs) in the short-and-mid-term follow-up.2,3

Clinically, outcome assessment has been a point of
increasing emphasis in hip preservation surgery.4-6

Moving forward from the statistical significance of
improvement in PROs,7 psychometric tools, such as the
patient-acceptable symptomatic state (PASS),8 the
minimal clinically important difference (MCID),9 and
the substantial clinical benefit (SCB) have been used to
report clinical improvement. More recently, the
concept of the maximal outcome improvement (MOI)
and a MOI threshold have also been reported as a
useful additional option for this task following FAIS
arthroscopic surgery.10

The MOI is defined as the patient’s change in func-
tional score divided by their total possible improve-
ment.11 One advantage of the MOI is that it limits the
ceiling effects associated with other psychometric tools
by accounting for the total possible improvement.11 By
using ROC analysis, an MOI threshold can also be
created with MOI values and an anchor question,
which ascertains satisfaction with surgery. In a similar
fashion as PASS, previous studies have used this as a
supplementary tool that attempts to estimate patient
satisfaction using PROs, while also controlling for ceil-
ing effects.10,12,13 Maldonado et al. determined that
52.5% and 55.5% of MOI were the thresholds for
maximal predictability of satisfaction for the
Table 1. Patient Demographics

Parameter Value

Hips included in study
Right 57 (53.3)
Left 50 (46.7)

Sex
Male 6 (5.6)
Female 101 (94.4)

Age at surgery, years 56.20 [54.32, 58.07]
BMI, kg/m2 28.80 [27.87, 29.73]
Follow-up time, months 54.89 [49.29, 60.48]

Values are presented as number (%) or mean [95% confidence
interval].
BMI, body mass index.
Nonarthritic Hip Score (NAHS) and the visual analog
scale for pain (VAS), respectively.12 However, if the
MOI calculation is combined with an anchor question
that assesses patient willingness to undergo surgery
again, the maximal outcome improvement willingness
threshold (MOWT) is obtained. This metric is different
from PASS since the anchor question for PASS focuses
on satisfaction following surgery rather than willing-
ness to undergo surgery again.
To determine the percent MOWTs for the NAHS and

the VAS for pain that were associated with a patient’s
willingness to undergo surgery, in retrospect, given the
known outcome of their primary hip arthroscopy with
concomitant endoscopy for GM tear repair. It was hy-
pothesized that MOWT thresholds, which were predic-
tive of willingness to undergo surgery again following
primary hip arthroscopy for FAIS with concomitant
endoscopy for GM tear repair, would be determined.

Methods

Patient Selection Criteria
This study was performed in accordance with the

ethical standards in the 1964 Declaration of Helsinki.
This study was carried out in accordance with relevant
regulations of the US Health Insurance Portability and
Accountability Act (or HIPAA). Details that might
disclose the identity of the subjects under study have
been omitted. This study was approved by the Institu-
tional Review Board (IRB ID: 5276). This study was
performed at the American Hip Institute Research
Foundation.
Since August of 2019, all patients who underwent hip

arthroscopy by the senior author (B.D.G.) between
April 2008 and April 2020 received an anchor question
that read: “Taking into account the outcome of your



Fig 1. Receiver operating charac-
teristic (ROC) analysis with the
area under the curve (AUC) for
the Nonarthritic Hip Score.
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surgery, would you choose to undergo the surgery
again?” Patients could respond with either “yes” or
“no” to this question. Patients were included in this
study if they underwent primary hip arthroscopy for
FAIS and labral tears with a concomitant endoscopic
repair of symptomatic GM tear, had completed a
questionnaire containing the anchor question, and had
minimum 1-year follow-up. This questionnaire
included the NAHS14 and the VAS for pain.2 Patients
who had a preoperative score that was already at the
maximum value for the NAHS and VAS were excluded.
Patients were excluded if they had a previously diag-
nosed ipsilateral hip conditions (such as Legg-Calvé-
Perthes disease, avascular necrosis, or slipped capital
femoral epiphysis), previous ipsilateral hip surgery, hip
osteoarthritis (Tönnis grade �2), or Ehlers-Danlos
syndrome. Patients were also excluded if they marked
themselves as unwilling to participate in the study. The
data collection received approval from an Institutional
Review Board.
A comprehensive physical examination before sur-

gery was performed by the senior author. The physical
exam included assessment of the range of motion, gait,
and signs of FAIS. For GM pathology, peritrochanteric
pain and tenderness was assessed. The modified resisted
internal rotation test was performed.15 Presence of
Trendelenburg sign was documented. Abductor
strength was measured with patient lying on their un-
affected side with the affected leg abducted, extended at
½ðOutcome score at most recent follow� upÞ � ðPreopera
ðHighest Possible Outcome ScoreÞ � ðPreoperati
the hip and knee, and slightly internally rotated.
Gluteal and concomitant FAIS were then confirmed
with radiographic imaging (45� modified Dunn view,
anteroposterior pelvis view in the upright and supine
positions, and a false profile view) and magnetic reso-
nance arthrography. Cam-type morphology was
defined as an alpha angle >55�. GM pathology on
magnetic resonance imaging (MRI) was graded as
tendinosis, partial-thickness tear, or full-thickness
tear.16

Before being recommended for surgery, all patients
underwent a minimum of 3 months of conservative
treatment such as rest, physical therapy, activity
modification, anti-inflammatory medications, and
ultrasound-guided therapeutic injections. If a patient
failed all nonoperative measures, the senior author
recommended them for surgery The surgical technique
for hip arthroscopy, endoscopic GM repair, and reha-
bilitation protocol have been described in prior
publications.3,17-20

Patient-Reported Outcome Scores Evaluation
Patients were assessed preoperatively, 3 months

postoperatively, and annually thereafter. All patients
had reported preoperative and minimum 1-year
scores for the NAHS and VAS. Patients also all
completed the anchor question. The MOI is calculated
as described in previous studies using the following
formula:11,21,22
tive Outcome ScoreÞ� � 100%
ve Outcome ScoreÞ



Fig 2. Receiver operating charac-
teristic (ROC) analysis with the
area under the curve (AUC) for
the visual analog scale for pain.
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The MOWTs were determined using receiver oper-
ating characteristic (ROC) analysis with the area under

the curve (AUC).21 The AUC with 95% confidence
intervals was used to identify patients willing to un-
dergo surgery again and those unwilling.23 An AUC
�0.7 was considered acceptable. An AUC �0.8 was
considered exceptional.24,25 Using the Youden index
and maximizing specificity and sensitivity, we deter-
mined the thresholds for both NAHS and VAS.26

Statistical Analysis
Categorical variables were assessed with a chi-square

or Fisher exact test. Continuous variables were evalu-
ated for variance and normality using F tests and
Shapiro-Wilk tests, respectively. T-tests and nonpara-
metric equivalent tests were used to calculate statistical
significance. Statistical significance was indicated by a
P value <.05. Continuous variables were reported as
means with 95% confidence intervals. Categorical vari-
ables were reported as number and percentage. Statis-
tical analyses were performed using Microsoft Excel and
RStudio Desktop (version 1.2.1093; R Studio).

Results

Patient Demographics
A total of 119 patients were identified for inclusion.

Four of these were excluded for having the maximal
Table 3. Receiver Operating Characteristic Analysis

core Threshold Sensitivity Specificity

NAHS 54.7% .708 .889
VAS 62.6% .730 .833

NAHS, Nonarthritic Hip Score; VAS, Visual Analog Scale for pain; MOW
under the curve; CI, confidence interval.
preoperative scores preoperatively, and 8 were
excluded because of inadequate follow-up, leaving 107
patients (107 hips) to be included in the study. The
group consisted of 101 (94.4%) females and 6 (5.6%)
males. The average age was 56.20 � 9.88 years, and the
average body mass index was 28.80 � 4.92 kg/m2. The
group’s average follow-up time was 54.89 � 29.52
months. Patient demographics and characteristics are
detailed in Table 1.
Patient-Reported Outcome Scores
Patients reported statistically significant improve-

ments in both NAHS (P < .001) and VAS (P < .001).
Eighty-nine (83.2%) patients reported that they would
be willing to undergo the surgery again, taking into
account the outcome of their surgery. Complete PRO
data can be found in Table 2.
The ROC analysis determined that the MOWT for the

NAHS was 54.7% (AUC: 0.847; 95% CI: 0.77-0.93).
The MOWT for the VAS was 62.6% (AUC: 0.808; 95%
CI: 0.70-0.91) (Figs 1 and 2, Table 3). Both AUC values
for the curves were greater than 0.8, which indicates
strong discrimination. The distribution of the percent-
age of MOI reached per score is reported in Figs 3 and 4.
The probability of a patient being willing to undergo
surgery again if they met the MOI threshold was 85.8%
and 85.6% for the NAHS and VAS, respectively.
AUC (95% CI) Cases Achieving MOWT, n (%)

0.847 (.0766-.929) 65 (60.7%)
0.808 (.703-.914) 68 (63.6%)

T, maximal outcome improvement willingness threshold; AUC, area



Fig 3. Histogram of the percent-
age of maximal outcome
improvement (MOI) for the
Nonarthritic Hip Score (NAHS).
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Discussion
The main finding of the present study was that

MOWTs were determined for the NAHS and VAS
following hip arthroscopy with hip endoscopy for the
surgical treatment of FAIS and GM tear, respectively
that were predictive of willingness to undergo surgery
again. Specifically, the MOI thresholds were 54.7% for
the NAHS and 62.6% for the VAS. Further, 85.8% and
85.6% of the patients who met the MOI threshold for
the NAHS and VAS, respectively, were willing to un-
dergo surgery again. The use of the MOWTs does not
imply the exclusion of the PASS, MCID or SCB, in fact,
these clinical assessment tools can supplement each
other.13

In a retrospective study that included 2,851 hips,
Meghpara et al.1 reported that the prevalence of
asymptomatic GM pathologies in patients with the
diagnosis of FAIS and labral tear was 16.0% on MRI.
Moreover, 1.7% had partial-thickness GM tears,
whereas none had full-thickness tears. The addition of
surgical GM pathology management on the FAIS
population must be based on a complete clinical eval-
uation rather than exclusively on MRI findings. How-
ever, in FAIS patients with symptomatic GM partial-
thickness tears, determining which are compensatory
and which are actually pathologic is still a
conundrum.27

Combined hip arthroscopy, in the context of arthro-
scopic FAIS and labral tear, with endoscopic GM repair,
reported significant improvement in several PROs, and
high patient satisfaction at a minimum 5-year follow-
up. Regardless of the GM tear severity, comparable
PROs were found at the latest follow-up. Furthermore,
when patients with GM repair were propensity-
matched (age, body mass index, sex, labral treatment,
acetabular, and femoral head Outerbridge grade) to a
group with only arthroscopic labral treatment, and mid-
term results were reported to be similar.3

Previously, the validity of the MOI threshold assessing
patient satisfaction has been proven for arthroscopic
rotator cuff tear repair.11 This finding has also been
demonstrated within the hip preservation realm.
Fig 4. Histogram of the percent-
age of maximal outcome
improvement (MOI) for the visual
analog score for pain (VAS).
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Maldonado et al. reported the MOI threshold for
several PROs, including NAHS and VAS in patients who
underwent hip arthroscopy for FAIS and labral tear
treatment.12 The values associated with satisfaction
were 52.5% and 55.5%, for the NAHS and VAS,
respectively.
The greater trochanteric pain syndrome, which in-

cludes GM pathology,28 has been described as a debil-
itating condition for lateral hip pain more commonly
seen in women with a higher incidence between the
fourth and sixth decades of life,29-33 as reflected in the
present investigation. These patient demographic
characteristics do not represent the common denomi-
nator for patients undergoing hip arthroscopy for solely
FAIS. Therefore, extrapolated clinical metrics, particu-
larly the MOI within the context of this study, between
these groups is inaccurate. The present investigation is
one of the few providing MOWTs, for the NAHS and
VAS, specifically for patients with the diagnosis of FAIS
and symptomatic GM tears, following combined hip
arthroscopy and hip endoscopy, respectively.

Limitations
The present study has limitations. The investigation

used a retrospective methodology, which leads to recall
bias. The analysis was based on a single institution/
single surgeon database, which may compromise the
reproducibility of the results presented. Patients were
included only if they completed the anchor question,
which led to response bias. Furthermore, the results
presented were exclusively for patients who underwent
hip arthroscopy with concomitant hip endoscopy for
the treatment of FAIS and GM tear, respectively;
however, these cannot be extrapolated to alternative
treatment options, such as open GM tear repair with or
without concomitant hip arthroscopy.

Conclusion
The MOWTs that were predictive of willingness to

undergo surgery again following primary hip arthros-
copy with concomitant endoscopy for GM tear repair
were 54.7% and 62.6% for the NAHS, and VAS,
respectively.
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