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Background: Clinically significant outcome (CSO) thresholds are invaluable to the interpretation of patient-reported outcomes
(PROs). The Patient-Reported Outcomes Measurement Information System (PROMIS) is gaining popularity among the orthopae-
dic community; however, CSO thresholds for PROMIS are yet to be defined for outcomes after gluteus medius and/or minimus
(GM) repair.

Purpose: To (1) define CSO thresholds for PROMIS-Pain Interference (PROMIS-PI) and PROMIS-Physical Function (PROMIS-PF)
after GM repair, (2) correlate these PROMIS scores with legacy hip-specific PROs, and (3) quantify their floor and ceiling effects.

Study Design: Case series; Level of evidence, 4.

Methods: Consecutive patients who underwent primary GM repair between September 2017 and June 2021 with completed
PROMIS at minimum 2-year follow-up were evaluated. The minimal clinically important difference, Patient Acceptable Symptom
State, and substantial clinical benefit thresholds were defined for the PROMIS-PI and PROMIS-PF as well as for legacy PROs: Hip
Outcome Score—Activities of Daily Living (HOS-ADL) and Hip Outcome Score-Sports Subscale (HOS-SS); modified Harris Hip
Score (MHHS); 12-item International Hip Outcome Tool (iIHOT-12); and the visual analog scale (VAS) for pain and satisfaction.
Pearson correlations were performed between PROMIS scores and legacy PROs. Rates of floor and ceiling effects were
quantified.

Results: Overall, 107 patients (81.7% follow-up compliance; mean age, 59.8 = 8.8 years; 92.5% female; mean body mass index,
28.6 + 6.3 kg/m?) were included in the analysis. GM tears were partial thickness in 56.1% of cases and treated endoscopically in
64.5% of cases. The minimal clinically important difference, Patient Acceptable Symptom State, and substantial clinical benefit
thresholds, respectively, were as follows: PROMIS-PI (-4.6, 56.0, 52.6), PROMIS-PF (3.5, 42.7, 43.7), HOS-ADL (10.7, 68.2, 78.6),
HOS-SS (16.5, 58.6, 60.6), mHHS (9.0, 64.3, 71.5), iHOT-12 (14.2, 63.6, 69.4), VAS pain (-16.1, 34.9, 28.1), and VAS satisfaction
(not applicable, 70.9, 93.6). Moderate to strong correlations were observed between the PROMIS and legacy PROs. The
PROMIS-PI showed a significant postoperative floor effect of 18.7%.

Conclusion: Study findings indicated that the PROMIS is effective for use in GM repair patients, given the moderate-to-strong
correlations between the PROMIS and legacy hip-specific PROs, the mostly limited floor and ceiling effects, and large effect
sizes. Use of PROMIS instead of legacy PROs may aid in limiting survey burden.
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The gluteus medius and minimus muscles act as the hip during ambulation and ensuring correct hip orientation.®®

abductors and are instrumental in stabilizing the pelvis Gluteus medius and/or minimus (GM) tears are a relatively
common phenomenon that may manifest as lateral hip
pain, hip abduction weakness, Trendelenburg gait, and
The Orthopaedic Journal of Sports Medicine, 12(11), 23259671241281746 significant dysfunction.?®> GM tears are often seen in
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“rotator cuff of the hip” due to several similarities in symp-
toms as well as treatment approaches.?® GM tears can be
treated conservatively with anti-inflammatory medica-
tions, physical therapy, and corticosteroid injections in
the chronic setting, but in some cases in which conserva-
tive therapy had failed or in the more acute setting, surgi-
cal repair is indicated.?®

Surgical repair of GM tears has produced statistically
significant improvement in patient-reported outcomes
(PROs) after the procedure.”'133 Recent advancement in
our understanding of clinically significant outcomes
(CSOs) has shifted the focus of orthopaedic literature to
establish CSO thresholds such as the minimal clinically
important difference (MCID), Patient Acceptable Symptom
State (PASS), and substantial clinical benefit (SCB).
Therefore, subsequent studies have focused on establish-
ing CSO thresholds for legacy hip-specific PROs such as
the Hip Outcome Score—Activities of Daily Living (HOS-
ADL) and Hip Outcome Score—Sports Subscale (HOS-SS),
the modified Harris Hip Score (mHHS), and the 12-item
International Hip Outcome Tool (HOT-12).29-32:36

In 2004, the US National Institutes of Health developed
the Patient-Reported Outcomes Measurement Information
System (PROMIS).® PROMIS utilizes integrated item-
response theory with computerized adaptive testing
(CAT) to allow for a single, generalizable, and validated
PRO. PROMIS is also a standardized tool designed to min-
imize floor or ceiling effects, with fewer individual ques-
tions when compared with legacy PROs to minimize
questionnaire fatigue.® A PROMIS score of 50 is intended
to represent the mean score of a “typical population.”’® A
higher score on PROMIS—Pain Interference (PROMIS-PI)
denotes a higher level of pain burden, while a higher score
on PROMIS-Physical Function (PROMIS-PF) denotes
a higher level of functioning. The PROMIS questionnaires’
correlation with legacy PROs and CSO thresholds of
PROMIS have been established for several pathologies,
including hip arthroscopy for femoroacetabular impinge-
ment syndrome (FAIS).*® However, to our knowledge, no
study has reported on PROMIS questionnaires’ correlation
with legacy questionnaires and minimum 2-year CSO
thresholds of PROMIS after GM repair.

The purpose of this study was to (1)define MCID, PASS,
and SCB thresholds for the PROMIS-PI and PROMIS-PF
after primary GM repair at minimum 2-year follow-up;
(2)correlate PROMIS scores with those of the legacy hip-
specific PROs; and (3) quantify the floor and ceiling effects
of the included PROs. We hypothesized success in defining
CSO thresholds for the PROMIS-PI and PROMIS-PF, with
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similar CSO achievement between the PROMIS and legacy
PROs. We also hypothesized there would be moderate to
strong correlations between the PROMIS and legacy
PROs, with PROMIS showing lower rates of floor and ceil-
ing effects.

METHODS

Patient Selection

Institutional review board approval was obtained before
initiating the study. Consecutive patients who underwent
primary GM repair between September 2017 and June
2021 by the senior author (S.J.N.) were retrospectively
identified in the senior author’s prospectively maintained
clinical repository. Patients eligible for inclusion were
those who underwent primary GM repair with or without
concomitant intra-articular procedures with completion of
PROMIS at minimum 2-year follow-up. Excluded patients
were those who underwent revision GM repair, gluteus
maximus transfer, or allograft augmented repair as well
as those with a history of prior ipsilateral hip arthroscopy,
hip resurfacing, or total hip arthroplasty.

Demographic Characteristics

The clinical charts of the included patients were evaluated
for demographic information, including age at the time of
surgery, sex, body mass index (BMI), endorsement of regu-
lar physical activity, endorsement of preoperative lower
back pain, history of a psychiatric diagnosis, duration of
preoperative hip pain, current or former tobacco use, and
workers’ compensation insurance status.

Procedures Performed

All surgical procedures were performed by the senior
author (S.J.N.). His general algorithm was to use open
repair for cases of full-thickness GM tears and cases of
partial-thickness GM tears involving the anterior and
superoposterior facets of the greater trochanter, as the
open approach improved visualization and access to these
tears. Otherwise, for patients with partial-thickness GM
tears not involving the anterior and superoposterior facets
and with magnetic resonance imaging evidence of a labral
tear, he preferred an endoscopic approach for the added
benefit of first accessing the central compartment of the
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hip to perform labral debridement or repair as indicated by
the morphology of the labrum. Labral debridement was
performed for degenerative tears and uniplanar tears
involving <50% of the labrum, while labral repair was per-
formed for complex tears with healthy labral tissue and
disruption of the chondrolabral junction.2%?*

For the study patients, the operative extremity was con-
firmed and marked in the preoperative area. All patients
received general endotracheal anesthesia. Open repairs
were performed through a direct lateral approach. GM
tears were identified after blunt and sharp dissection. Tro-
chanteric bursectomy was performed. The greater trochan-
ter was decorticated with a burr before single- or double-
row suture anchor repair.>"*® In endoscopic repairs, the
hip joint was first visualized and pathology addressed
accordingly, including labral debridement or repair based
on the labral morphology described above. When present,
chondral defects were debrided to a stable edge. Attention
was then turned to the GM tear. The GM tear was identi-
fied and trochanteric bursectomy performed. Decortication
of the greater trochanter was performed before single- or
double-row repair.??3? Standard postoperative rehabilita-
tion protocols were used for all included patients.??°
Briefly, phase 1 included 6 weeks of limited weightbearing
with assisted ambulation, a hip abduction orthosis limiting
hip flexion to 90° during the day, and an abduction pillow
at night. Phase 2 included weaning from assisted ambula-
tion and progression to a noncompensatory gait. After gait
stabilization, phase 3 included further hip strengthening
to support return to activities of daily living and patient-
specific functioning.?252

Patient-Reported Outcomes

PROs were collected preoperatively and at minimum
2-year postoperative follow-up after surgery and included
the PROMIS-PI and PROMIS-PF as well as the HOS-
ADL and HOS-SS, the mHHS, the iHOT-12, and the visual
analog scale (VAS) for pain. A higher score on PROMIS-PI
and VAS pain denoted a higher level of pain, while a higher
score on PROMIS-PF, HOS-ADL, HOS-SS, mHHS, and
iHOT-12 denoted a higher level of functioning. In addition,
the VAS for satisfaction was collected postoperatively.

CSO Thresholds

Cohort-specific MCID, PASS, and SCB were defined for
PROMIS-PI, PROMIS-PF, HOS-ADL, HOS-SS, mHHS,
iHOT-12, VAS pain, and VAS satisfaction accordingly to
previously described methods.?1825:27:30,37

The MCID was calculated through the distribution
method as previously described, whereas half the standard
deviation of the difference between the preoperative and
postoperative scores defined the MCID.?18:25:30

The PASS was determined through the anchor question
method, where at the 2-year follow-up, patients were asked
the dichotomous question, “Taking into consideration your
current state of pain and function, do you consider you
current state satisfactory?”®2%2° Receiver operating
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characteristic curve analysis was then performed to deter-
mine the PRO score threshold with the maximal sensitivity
and specificity for differentiating patients that were and
were not in a satisfactory state.!®2® An area under the
curve (AUC) of >0.70 was deemed clinically significant.?3
The Youden J value was employed to define the optimal
PASS threshold as previously described.'”23

SCB was also defined through the anchor question
method. At the 2-year follow-up, patients were asked,
“Since your surgery, has there been any change in your
daily functioning and nonsporting activities related to
your treated hip?”® Patients responded with 1 of 15
options: (1) a very great deal worse, (2) a great deal worse,
(3) a good deal worse, (4) moderately worse, (5) a little
worse, (6) somewhat worse, (7) almost the same/hardly
any worse, (8) no change, (9) almost the same/hardly any
better, (10) somewhat better, (11) a little better, (12) moder-
ately better, (13) a good deal better, (14) a great deal better,
or (15) a very great deal better.® Receiver operating charac-
teristic curve analysis was then used to compare PRO
scores between those patients selecting options 12 to 15
and those selecting options 7 to 9, as previously described.®
An AUC of >0.70 was deemed clinically significant.?? The
Youden J value was used to determine the optimal thresh-
old for the SCB.'":?3

Achievement of MCID, PASS, and SCB for the included
PROs was quantified with their respective thresholds.
Achievement of MCID, PASS, or SCB for any legacy PRO
was recorded as well as achievement of MCID, PASS, or
SCB for either PROMIS score and achievement of MCID,
PASS, or SCB for any PRO.

Pearson Correlations

Pearson correlations were performed to compare minimum
2-year postoperative scores between the included PROs.°
The significance of the correlations was recorded. The
strength of the correlations was interpreted as follows:
none (r = 0.00-0.29), weak (r = 0.30-0.49), moderate (r =
0.50-0.69), and strong (r = 0.70-1.00).%”

Floor and Ceiling Effects

The prevalence of preoperative and postoperative floor and
ceiling effects was evaluated for the included PROs accord-
ing to previously described methods.?>*2* For PROMIS-PI
and PROMIS-PF, any percentage of patients >15% of the
study population scoring within either the bottom 5% or
the top 5% of the study sample was deemed a significant
floor and ceiling effect, respectively.>3* For the legacy
PROs, any percentage of patients >15% of the study popu-
lation scoring within either the bottom 5% or top 5% of pos-
sible scores was deemed a significant floor and ceiling
effect, respectively.23*

Effect Sizes

The effect size (Cohen d) of the included PROs was evalu-
ated to understand the magnitude of preoperative to 2-year
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Assessed for Eligibility:
Patients undergoing
Gluteus Medius and/or
Minimus Repair
09/2017 - 06/2021

n=154 Excluded:
Revision Repair (n = 13).

o | Gluteus Maximus Transfer
g (n=25).
A 4 Allograft Augmentation
=5).
Eligible for Inclusion: (=5
n=131
Excluded:

—| Missing Minimum 2-year
v PROMIS (n = 24).

Included:
n=107
(81.7% Compliance)

Figure 1. CONSORT (Consolidated Standards of Reporting
Trials) diagram showing the inclusion and exclusion of study
participants. PROMIS, Patient-Reported Outcome Measure-
ment Information System.

postoperative score changes in relation to the standard
deviation for that PRO. The effect size was calculated by
dividing the difference in mean scores by the standard
deviation of the respective preoperative score.® Effect
size was interpreted as small (0.20-0.49), moderate
(0.50-0.79), or large (>0.80).>12

Statistical Analysis

Continuous variables were reported as means with stan-
dard deviations, and nominal variables were reported as
counts with frequencies. Paired ¢ tests were performed to
evaluate for statistically significant improvements in
PRO scores from preoperative to 2-year follow-up. A sub-
group analysis of 2-year PRO scores was performed
between the patients treated with endoscopic versus open
repair. An a priori power analysis for the subgroup analy-
sis revealed that 29 patients would be required in each
group to achieve 80% power.'® All statistical analysis was
performed in R 4.1.0 (R Core Team).

RESULTS

A total of 154 GM repairs were performed between Sep-
tember 2017 and June 2021. Patient exclusions were as fol-
lows: 13 for revision GM repair, 5 for gluteus maximus
transfer, and 5 for allograft augmentation. Of the 131
patients eligible for inclusion, 24 were missing minimum
2-year PROMIS scores and were excluded as such, leaving
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TABLE 1
Patient Demographic Characteristics (N = 107)*

Characteristic Value
Age, y 59.8 = 8.8
Sex, female 99 (92.5)
BMI, kg/m? 28.6 = 6.3
Follow-up duration, y 3.1+14
Regular physical activity 50 (46.7)
Preoperative back pain 49 (45.8)
Psychiatric history 24 (22.4)
Preoperative pain duration >2 'y 47 (43.9)
Tobacco use, current or former 26 (24.3)
Workers’ compensation 4 (3.7)

“Data are presented as mean * SD or n (%). BMI, body mass
index.

TABLE 2
Gluteal Tear Characteristics and Procedures
Performed® (N = 107)

Characteristic n (%)

Tear thickness
Full 47 (43.9)
Partial 60 (56.1)
Tendons involved

Gluteus medius 13 (12.1)

Gluteus minimus 4 (3.7)

Both 90 (84.1)
Repair approach

Open 38 (35.5)

Endoscopic 69 (64.5)
Labral treatment

None 48 (44.9)

Debridement 41 (38.3)

Repair 18 (16.8)

107 patients meeting inclusion and exclusion criteria
(81.7% compliance rate) (Figure 1).

The 107 included patients were 92.5% female and
were a mean *+ SD age 59.8 = 8.8 years and BMI 28.6 +
6.3 kg/m? (Table 1). The mean follow-up duration was 3.1
+ 1.4 years. Less than half the patients endorsed regular
physical activity (46.7%), preoperative backpain (45.8%),
psychiatric history (22.4%), preoperative hip pain duration
>2 years (43.9%), current or former tobacco use (24.3%),
and workers’ compensation status (3.7%).

Intraoperatively, tears involving both the gluteus med-
ius and gluteus minimus tendons occurred in 84.1% of
patients. Tears were partial thickness in 56.1% of cases.
Most patients underwent endoscopic repair (64.5%), and
most patients underwent no labral treatment (44.9%),
while some underwent labral debridement (38.3%) and
fewer underwent labral repair (16.8%) (Table 2).

Preoperative and 2-year postoperative PRO scores are
presented in Figure 2. Preoperative scores were as follows:
PROMIS-PI (63.3 + 5.3), PROMIS-PF (38.3 + 5.6), HOS-
ADL (51.5 = 15.7), HOS-SS (28.0 = 19.2), mHHS (51.5 =
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204 26.8
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Figure 2. Preoperative and minimum 2-year postoperative follow-up patient-reported outcome scores. Bars indicate means,
and error bars indicate SDs. *Statistically significant difference between preoperative and 2-year follow-up scores (P < .001).
HOS-ADL, Hip Outcome Score—Activities of Daily Living; HOS-SS, Hip Outcome Score-Sports Subscale; iHOT-12, 12-item Inter-
national Hip Outcome Tool; mHHS, modified Harris Hip Score; PROMIS-PF, Patient-Reported Outcome Measurement Informa-
tion System-Physical Function; PROMIS-PI, Patient-Reported Outcome Measurement Information System-Pain Interference;

Sat, satisfaction; VAS, visual analog scale.

11.5), iHOT-12 (27.0 *= 15.9), and VAS pain (61.2 * 22.1).
Postoperative scores were as follows: PROMIS-PI (54.3 =
10.1), PROMIS-PF (44.6 + 8.8), HOS-ADL (75.1 + 21.2),
HOS-SS (59.8 + 31.1), mHHS (64.1 + 21.5), iHOT-12
(65.7 = 27.5), VAS pain (26.8 = 27.3), and VAS satisfaction
(80.2 = 19.0).

The subgroup analysis comparing 2-year PRO scores of
the 69 patients who underwent endoscopic repair and the
38 patients who underwent open repair demonstrated no
significant group differences (P > .167 for all). Compari-
sons of specific scores are as follows (endoscopic vs open
repair): HOS-ADL (73.4 = 23.3 vs 78.8 = 15.6; P = .213),
HOS-SS (59.7 += 33.6 vs 60.1 = 25.8; P = .956), mHHS
(62.6 = 22.6 vs 69.1 = 17.2; P = .345), iHOT-12 (63.7 +
29.1 vs 69.2 = 17.2; P = .336), VAS pain (28.6 = 27.6 vs
23.6 = 25.2; P = .393), VAS satisfaction (76.9 = 30.1 vs
85.1 * 17.2; P = .167), PROMIS-PI (54.5 = 10.8 vs 53.8
+ 9.0; P = .737), and PROMIS-PF (44.8 = 9.9 vs 44.2 =
6.4; P = .748).

MCID, PASS, and SCB threshold scores are listed in
Table 3. Clinically significant AUCs (>0.70) were observed
for all PASS and SCB thresholds.

The achievement rates for the MCID, PASS, and SCB
are shown in Table 4. Patients achieved MCID for any leg-
acy hip-specific PRO in 98% of cases compared with 86%
for any PROMIS. Patients achieved PASS for any legacy
hip-specific PRO in 87% of cases compared with 63% for
any PROMIS. Patients achieved SCB for any legacy hip-
specific PRO in 84% of cases compared with 53% for any
PROMIS.

Moderate to strong correlations were observed between
the PROMIS and legacy hip-specific PROs (Table 5). The
PROMIS-PI showed a strong correlation with VAS pain
(r = 0.702) and strong inverse correlations with the

iHOT-12 (r = —0.733) and PROMIS-PF (r = —0.736). The
PROMIS-PF showed a strong correlation with the HOS-
SS (r = 0.733).

A significant preoperative floor effect was observed for
the HOS-SS (22.9%) (Table 6). No significant preoperative
ceiling effects were observed for any PRO. At 2-year follow-
up, significant floor effects were observed for the PROMIS-
PI (18.7%) and VAS pain (27.9%), while significant ceiling
effects were observed for the HOS-ADL (21.4%), HOS-SS
(17.9%), and VAS satisfaction (45.2%).

Large effect sizes (>0.80) were seen on both included
PROMIS CATs and all legacy hip-specific PROs (Table
7). The iHOT-12 showed the greatest effect size of 2.4,
while the PROMIS-PF and mHHS showed the smallest
effect size of 1.1. Nevertheless, all measured PROs showed
large effect sizes appropriate for distinguishing preopera-
tive to postoperative change.

DISCUSSION

The primary findings of this study were as follows: (1) The
MCID, PASS, and SCB thresholds were defined for
PROMIS-PI and PROMIS-PF at minimum 2-year follow-
up after primary GM repair; (2) moderate to strong corre-
lations were observed between legacy hip-specific PROs
and the included PROMIS CATSs; and (3) an overall low
prevalence of floor and ceiling effects was observed for
the PROMIS CATSs, except for PROMIS-PI showing a sig-
nificant postoperative floor effect.

Previous studies have established CSO thresholds and
assessed their achievement rate after GM repair.
Uppstrom et al®*® retrospectively evaluated 47 patients
who underwent open GM repair with minimum 10-month
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TABLE 3
Minimum 2-Year Postoperative Clinically Significant Outcome Threshold Scores®
MCID PASS SCB
Outcome Measure Threshold Threshold AUC® Threshold AUC?
HOS-ADL 10.7 68.2 0.950 78.6 0.856
HOS-SS 16.5 58.6 0.956 60.6 0.763
mHHS 9.0 64.3 0.901 71.5 0.741
iHOT-12 14.2 63.6 0.942 69.4 0.844
VAS pain -16.1 34.9 0.920 28.1 0.721
VAS satisfaction NA 70.9 0.951 93.6 0.826
PROMIS-PI —4.6 56.0 0.921 52.6 0.836
PROMIS-PF 3.5 42.7 0.881 43.7 0.750

“AUC, area under the curve; HOS-ADL, Hip Outcome Score—Activities of Daily Living; HOS-SS, Hip Outcome Score—Sports Subscale;
iHOT-12, 12-item International Hip Outcome Tool; MCID, minimal clinically important difference; mHHS, modified Harris Hip Score;
NA, not applicable; PASS, Patient Acceptable Symptom State; PROMIS-PF, Patient-Reported Outcome Measurement Information Sys-
tem—Physical Function; PROMIS-PI, Patient-Reported Outcome Measurement Information System—Pain Interference; SCB, substantial

clinical benefit; VAS, visual analog scale.

A1l AUC values were considered clinically significant (>0.70).23

TABLE 4
Achievement of Clinically Significant Outcomes®
Achieved Achieved Achieved
Outcome Measure MCID PASS SCB
PROMIS-PI 72 55 39
PROMIS-PF 74 53 47
HOS-ADL 76 66 52
HOS-SS 62 55 28
mHHS 57 50 43
iHOT-12 82 59 52
VAS pain 75 69 65
VAS satisfaction NA 68 45
Any legacy PRO 98 87 84
Any PROMIS 86 63 53
Any PRO 100 88 86

“Data are presented as percentage of patients. HOS-ADL, Hip
Outcome Score—Activities of Daily Living; HOS-SS, Hip Outcome
Score—Sports Subscale; iHOT-12, 12-item International Hip Out-
come Tool; MCID, minimal clinically important difference;
mHHS, modified Harris Hip Score; NA, not applicable; PASS,
Patient Acceptable Symptom State; PRO, patient-reported out-
come; PROMIS-PF, Patient-Reported Outcome Measurement Infor-
mation System—Physical Function; PROMIS-PI, Patient-Reported
Outcome Measurement Information System—Pain Interference;
SCB, substantial clinical benefit; VAS, visual analog scale.

follow-up. They found the MCIDs of mHHS and 33-item
iHOT to be 9.9 and 14.3, respectively, and reported
a >80% achievement rate for both outcome measures.
Okoroha et al? evaluated 60 patients after isolated endo-
scopic GM repair with minimum 2-year follow-up. They
found the MCID threshold scores of HOS-ADL, HOS-SS,
and mHHS to be 15.02, 14.53, and 14.13, respectively,
and reported PASS threshold scores for HOS-ADL, HOS-
SS, and mHHS to be 81.32, 67.71, and 77.5, respectively.

They found that 76.7% of patients achieved any MCID or
PASS, and 77.8% and 69.0% of patients achieved >1
MCID or PASS, respectively. Further, 48.3% of patients
achieved both MCID and PASS.?° Allahabadi et al,! in
a case series of 174 patients, including 41 treated through
an open approach and 133 treated endoscopically, defined
the following MCID thresholds: HOS-ADL (10.93), HOS-
SS (15.28), mHHS (10.52), iHOT-12 (13.34), and VAS
pain (15.49).! In the present study, we found MCID thresh-
olds of HOS-ADL (10.7), HOS-SS (16.5), mHHS (9.0),
iHOT-12 (14.2), VAS pain (-16.1), PROMIS-PI (-4.6), and
PROMIS-PF (3.5). Further, we found PASS thresholds of
HOS-ADL (68.2), HOS-SS (58.6), mHHS (64.3), iHOT-12
(63.6), VAS pain (34.9), VAS satisfaction (70.9), PROMIS-
PI (56.0), and PROMIS-PF (42.7).

In large part, our MCID thresholds were comparable
with those of Allahabadi et al, Uppstrom et al,*® and
Okoroha et al.?® We found lower HOS-ADL and mHHS
MCID thresholds compared with Okoroha et al,2? likely
secondary to variations in the calculation of MCID.
Whereas the present study denoted MCID as half the stan-
dard deviation of the difference between preoperative and
postoperative scores, as previously described,®> Okoroha
et al?® identified MCID as half the standard deviation of
the outcome score. Furthermore, we found lower PASS
thresholds to those of Okoroha et al?® and Rice et al,®?
with comparable CSO achievements. While the methodol-
ogy for PASS calculation was similar between the present
study and those of Okoroha et al?® and Rice et al,>> we
included both endoscopic and open repair patients, while
the other 2 studies were restricted to only endoscopic
repair.’*® Despite the subgroup comparison in the present
study demonstrating no significant difference in 2-year
postoperative PRO scores between the open and endoscopic
groups, patients indicated for their respective procedures
may have shown differing interpretations of acceptable
postoperative symptom state.
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TABLE 5
Pearson Correlation Coefficients for 2-Year Minimum Follow-up Scores®
PROMIS-PI PROMIS-PF VAS Satisfaction VAS Pain iHOT-12 mHHS HOS-SS
HOS-ADL -0.656 0.676 0.666 -0.675 0.768 0.653 0.839
HOS-SS -0.663 0.733 0.696 -0.658 0.751 0.554 —
mHHS -0.562 0.539 0.538 -0.644 0.606 — —
iHOT-12 -0.733 0.673 0.631 -0.781 — — —
VAS pain 0.702 -0.628 -0.611 — — — —
VAS satisfaction —-0.487 0.538 — — — — —
PROMIS-PF -0.736 — — — — — —

“Data are presented as Pearson rs. All correlations were significant at P < .001. HOS-ADL, Hip Outcome Score—Activities of Daily Living;
HOS-SS, Hip Outcome Score—Sports Subscale; iHOT-12, 12-item International Hip Outcome Tool; mHHS, modified Harris Hip Score; PRO,
patient-reported outcome; PROMIS-PF, Patient-Reported Outcome Measurement Information System—Physical Function; PROMIS-PI,
Patient-Reported Outcome Measurement Information System—Pain Interference; VAS, visual analog scale.

TABLE 6
Prevalence of Floor and Ceiling Effects for Each PRO®
Preoperative 2-Year Follow-up
Outcome Measure Floor Ceiling Floor Ceiling
PROMIS-PI 3.5 1.8 18.7° 7.7
PROMIS-PF 1.5 1.5 1.1 1.1
HOS-ADL 0.0 0.0 0.0 21.4°
HOS-SS 22.9° 0.0 6.4 17.9°
mHHS 0.0 0.0 0.0 4.5
iHOT-12 9.0 0.0 1.1 8.6
VAS pain 0.0 6.1 27.9° 2.3
VAS satisfaction NA NA 0.0 45.2°

“Data are presented as percentage of patients. HOS-ADL, Hip Outcome Score—Activities of Daily Living; HOS-SS, Hip Outcome
Score—Sports Subscale; iHOT-12, 12-item International Hip Outcome Tool; mHHS, modified Harris Hip Score; NA, not applicable; PRO,
patient-reported outcome; PROMIS-PF, Patient-Reported Outcome Measurement Information System—Physical Function; PROMIS-PI,
Patient-Reported Outcome Measurement Information System—Pain Interference; VAS, visual analog scale.

bSignificant floor and ceiling effects (>15% of the included patients).

The present study further expands on the literature

TABLE 7 through the addition of 2-year postoperative SCB thresh-

Mean Preoperative to Postoperative Differences olds after gluteal repairs. The SCB thresholds were defined

in PRO Scores With Effect Sizes* as follows: HOS-ADL (78.6), HOS-SS (60.6), mHHS (71.5),

iHOT-12 (69.4), VAS pain (28.1), VAS satisfaction (93.6),

Outcome Measure A preoperative to 2-year score Cohen d® PROMIS-PI (52.6), and PROMIS-PF (43.7). With regard
PROMIS.PI 9.0 17 to a PROMIS-PI and PROMIS-PF score of 50 iqtenflsefl 150
PROMIS-PF 6.3 11 represent the mean score of an average population,™ it is
HOS-ADL 23.6 15 interesting to note that, while our case series demon-
HOS-SS 31.8 1.7 strated a mean greater pain interference (>50 for 2-year
mHHS 12.6 1.1 PROMIS-PI; 54.3 = 10.1) and a mean lower function
iHOT-12 38.7 2.4 (<50 for 2-year PROMIS-PF; 44.6 = 8.8) than the average
VAS pain -34.4 1.6 population, our calculated cohort-specific PASS threshold
scores (PROMIS-PI, 56.0; PROMIS-PF, 42.7) and SCB

“HOS-ADL, Hip Outcome Score—Activities of Daily Living; threshold scores (PROMIS-PI, 52.6; PROMIS-PF, 43.7)

HOS-SS, Hip Outcome Score—Sports Subscale; iHOT-12, 12-item

International Hip Outcome Tool; mHHS, modified Harris Hip . o e 1. . . .
Score: PRO, patientreported outcome; PROMIS-PF, Patient. This finding indicates that the primary GM repair patients

Reported Outcome Measurement Information System—Physical Obser"?d in this Stud.y were often. satlsﬁeé.l with Fhelr post-
Function; PROMIS-PI, Patient-Reported Outcome Measurement operative state of pain and function, despite their levels of

Information System—Pain Interference; VAS, visual analog scale. pain and function being worse than the reference popula-
bAll effect sizes were considered large (>0.80).%12 tion used to establish normalized PROMIS scores.

were also inferior to the average population score of 50.
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We found moderate to strong correlations between the
PROMIS and included legacy hip-specific PROs. In the
context of hip arthroscopy literature showing correlations
between PROMIS CATs and legacy hip-specific PROs
ranging from poor to moderate to strong,>*%2?8 the corre-
lations evidenced in this study support the efficacy of
PROMIS CATs in evaluating patient outcomes after GM
repair.

PROMIS effect size and responsiveness compared with
legacy questionnaires have been assessed in prior litera-
ture on hip preservation procedures. A recent systematic
review by Jan et al'® reported on 15 studies assessing out-
comes after hip arthroscopy for FAIS and/or periacetabular
osteotomy. They found that the PROMIS was not as
responsive when compared with historically used and val-
idated PROs in quantitatively assessing function and pain
after hip preservation. On the contrary, Nwachukwu
et al?® evaluated the effect size of PROMIS CATs and leg-
acy hip-specific PROs after hip arthroscopy and demon-
strated that, while HOS-ADL (1.29), HOS-SS (1.06), and
iHOT-12 (1.87) showed qualitatively larger effect sizes
that PROMIS-PI (0.96) and PROMIS-PF (0.94), all effect
sizes were considered large (>0.80). Our present study
expands these findings to the primary GM repair popula-
tion by showing large and comparable effect sizes for
both PROMIS CATSs and legacy hip-specific PROs.

PROMIS tools were designed to mitigate the floor and
ceiling effects naturally found in legacy PROs.> However,
this is not always the case, as the present study showed
significant postoperative floor effects for PROMIS-PI.
While the legacy PROs demonstrated some significant floor
and ceiling effects, PROMIS-PI showed the second-highest
floor effect, behind VAS pain. In contrast to prior studies
on PROMIS CAT utility in hip arthroscopy for FAIS
patients,*1° our study showed a greater prevalence of the
postoperative floor effect for PROMIS-PI. Nevertheless,
the postoperative floor effect of PROMIS-PI remained
lower than VAS pain, indicating that the PROMIS CATs
remained effective in limiting the floor and ceiling effects
commonly associated with legacy hip-specific PROs.

Limitations

The limitations of the present study include its retro-
spective design, heterogenicity in tear pathology and pro-
cedures performed, and potentially limited external
validity. Despite the prospective collection of PROs, this
study’s retrospective design is at risk for selection bias
based on the patients available for follow-up, although an
81.7% compliance rate at 2-year follow-up helped mitigate
some potential selection bias. Furthermore, patients in this
study were grouped for analysis regardless of gluteal ten-
dons involved, tear thickness, gluteal repair approach
used, and labral tear treatment provided. We sought to
provide a holistic view of gluteal repair outcomes and 2-
year CSO thresholds, although this was done at the risk
of underappreciating the diverse patient population evalu-
ated. The nonsignificant difference in 2-year outcomes in
our subgroup analysis comparing open and endoscopic
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gluteal repair supports the utility of combing these groups
in defining 2-year PROMIS CSO thresholds, although
future studies are needed to further evaluate demographic
and outcome differences between these groups. While the
inclusion of patients who underwent GM repair with con-
comitant labral procedures may have confounded our find-
ings, a 2024 study?' demonstrated that patients who
underwent gluteal repair with versus without concomitant
labral treatment achieved comparable 2-year outcomes,
which may help mitigate some concern of this possible con-
founder, although the lack of randomization of patient
groups in the study precludes further understanding of
how labral preservation in the setting of GM repair influ-
ences outcomes. A further limitation of our study is that
all surgical procedures were performed by a single sports
medicine fellowship—trained surgeon who treats a high vol-
ume of gluteal tears. The patient outcomes evaluated in
this study may not reflect those of lower volume surgeons,
potentially limiting the external validity of the study
findings.

CONCLUSION

In this study, we defined the MCID, PASS, and SCB
thresholds for the PROMIS-PI and PROMIS-PF after pri-
mary GM repair at minimum 2-year follow-up. Moderate
to strong correlations were shown between the PROMIS
CATs and legacy hip-specific PROs, and a significant post-
operative floor effect was evidenced for the PROMIS-PI.
Findings from this study indicate that PROMIS CATSs
are effective for use in GM repair patients, given the mod-
erate to strong correlations between the PROMIS CATSs
and the legacy hip-specific PROs, mostly limited floor
and ceiling effects, and large effect sizes. Use of PROMIS
CATs instead of legacy PROs may aid in limiting survey
burden.
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