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Background: The indications for hip arthroscopy in patients aged �40 years remain controversial, as observational studies have
suggested that advanced age portends poor functional outcomes, poor durability of improvement, and high rates of conversion to
total hip arthroplasty.

Purpose: To compare hip arthroscopy versus nonoperative management for symptomatic labral tears in patients aged �40 years
with limited radiographic osteoarthritis.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: This single-surgeon, parallel randomized controlled trial included patients aged �40 years with limited osteoarthritis
(Tönnis grades 0-2) who were randomized 1:1 to arthroscopic surgery with postoperative physical therapy (SPT) or physical ther-
apy alone (PTA). Patients who received PTA and achieved unsatisfactory improvement were permitted to cross over to SPT after
completing �14 weeks of physical therapy (CO). The primary outcomes were the International Hip Outcome Tool-33 score and
modified Harris Hip Score at 24 months after surgery, and secondary outcomes included other patient-reported outcome meas-
ures and the visual analog scale for pain. The primary analysis was performed on an intention-to-treat basis using linear mixed-
effects models. Sensitivity analyses included modified as-treated and treatment-failure analyses.

Results: A total of 97 patients were included, with 52 (53.6%) patients in the SPT group and 45 (46.4%) patients in the PTA
group. Of the patients who underwent PTA, 32 (71.1%) patients crossed over to arthroscopy at a mean of 5.10 months (SD,
3.3 months) after physical therapy initiation. In both intention-to-treat and modified as-treated analyses, the SPT group displayed
superior mean patient-reported outcome measure and pain scores across the study period for nearly all metrics relative to the
PTA group. In the treatment-failure analysis, the SPT and CO groups showed greater improvement across all metrics compared
with PTA; however, post hoc analyses revealed no significant differences in improvement between the SPT and CO groups. No
significant differences were observed between groups in rates of total hip arthroplasty conversion.

Conclusion: In patients �40 years of age with limited osteoarthritis, hip arthroscopy with postoperative physical therapy led to
better outcomes than PTA at a 24-month follow-up. However, additional preoperative physical therapy did not compromise sur-
gical outcomes and allowed some patients to avoid surgery. When surgery is indicated, age �40 years should not be considered
an independent contraindication to arthroscopic acetabular labral repair.

Registration: NCT03909178 (ClinicalTrials.gov identifier).
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Acetabular labral tears secondary to femoroacetabular
impingement (FAI) are a well-recognized source of hip
pain that, when left untreated, pose an elevated risk for
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the accelerated progression of early-onset osteoarthri-
tis.3,17,20,49 The increased shear stress, redistribution of
contact forces, and biomechanical adaptations that occur
in the setting of FAI and acetabular labral tears inflict det-
rimental effects on the articular cartilage and chondrola-
bral junction.8,49 Thus, the utilization of and clinical
indications for hip arthroscopy have expanded over the
last 2 decades, resulting in a more diverse range of patients
receiving arthroscopic treatment for acetabular labral
tears secondary to FAI. Although hip arthroscopy has gen-
erally demonstrated positive long-term outcomes, favor-
able results are predicated on careful patient selection.
Although the use of hip arthroscopy is well supported in
young, active patients,4 its utilization in older patients
with limited osteoarthritis remains controversial.27,54

Randomized controlled trials (RCTs) comparing hip
arthroscopy with physical therapy (PT) for FAI have largely
surmised that whereas both treatment modalities can pro-
vide significant symptom improvement, hip arthroscopy
yields superior clinical benefit and patient-reported outcome
measures (PROMs).39 Three multicenter RCTs have found
that surgery leads to significantly greater PROM improve-
ment compared with PT in younger patients (mean age,
33-36 years) at short-term follow-up.19,23,44 Similarly, the
12-month results from the present RCT showed that
patients aged �40 years who underwent hip arthroscopy
reported significantly greater PROMs compared with those
who underwent PT alone (PTA), with differences between
groups surpassing minimal clinically important difference
(MCID) thresholds.33 Although the single RCT to report
24-month outcomes found no significant difference in
improvements between surgery and PT, the study was crit-
icized for its failure to account for high rates of crossover in
statistical analyses, limiting the applicability of its find-
ings.15,31 Indeed, surgical RCTs benefit from choosing short
primary endpoints to avoid type 2 errors in their intention-
to-treat (ITT) analysis; however, sensitivity analyses and
appropriate transparency when drawing conclusions can
mitigate these downfalls.15,24,45

Extended follow-up is necessary to accurately assess the
clinical benefit of surgery in patients �40 years of age, as
evidenced by several recent studies that have drawn into
question the durability of improvements seen in older
patients after hip arthroscopy. McCormick et al38

conducted a case-control study revealing that age .40 years
and grade 4 Outerbridge osteoarthritis at the time of
arthroscopy were associated with worse PROMs at a mini-
mum 2-year follow-up. A systematic review of hip arthros-
copy outcomes in older patients reported rates of
conversion to total hip arthroplasty (THA) of 18.1% in
patients aged �40 years and 23.1% in patients aged �50
years at a mean follow-up time of only 25 months.22 Addi-
tionally, an investigation into recovery trajectories by Bod-
endorfer et al6 revealed that older age predicted late
regression in PROMs at a minimum 2-year follow-up.
Although other studies have reported similar findings,16,28

the prognostic implications of age remain contested, as
age alone may not be a sole predictor but may represent
a surrogate for age-related degeneration and poor out-
comes.46,50 Whereas the current literature provides strong
evidence that advanced osteoarthritis is a contraindication
to hip arthroscopy, older patients with limited osteoarthritis
may benefit from hip arthroscopy or nonoperative manage-
ment before resorting to THA.16 However, given the low sur-
vivorship and poor sustainability in PROM improvements
after hip arthroscopy observed in older patients with only
limited osteoarthritis, further investigation is warranted
to assess the optimal treatment modality for this patient
population. Thus, the purpose of the current study was to
perform an RCT comparing arthroscopic surgical manage-
ment versus nonoperative management in patients with
symptomatic labral tears who were �40 years old and did
not have severe osteoarthritis. We hypothesized that hip
arthroscopy would not be more clinically effective than PT
in these patients at a 24-month follow-up.

METHODS

Study Design and Oversight

This study was a single-surgeon (S.D.M.), parallel RCT com-
paring hip arthroscopy versus PT for the treatment of ace-
tabular labral tears secondary to FAI in patients aged �40
years. All study procedures were approved by the senior
author’s (S.D.M.) institutional review board (No.
2013P001442) and performed according to the protocol pub-
lished on ClinicalTrials.gov in April 2019 (NCT03909178).32
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Patient Population

Consecutive patients presenting to the senior author’s
clinic between December 2013 and June 2020 were offered
enrollment in the study if they met eligibility criteria.
Details pertaining to patient selection, inclusion criteria,
and exclusion criteria have been reported previously.33

For the purpose of the present study, patients without
a minimum 24-month follow-up were excluded from our
analyses unless they converted to THA or underwent
a revision hip arthroscopy before the 24-month follow-up,
in which case their PROMs before failure were included.

Sample Size Calculation

As previously published,32 80 participants were needed to
detect a 10-point difference in modified Harris Hip Score
(mHHS) between cohorts (power = 0.8, alpha = .05). To
account for the expected 9% to 13% loss to follow-up rate
at the primary endpoint of 12 months, we originally aimed
to enroll 90 patients in this study. However, as seen in
other prominent surgical RCTs with similar designs,24,45

we expected a substantial crossover rate. Thus, in an effort
to maintain power in our ITT analysis and account for an
expected loss to follow-up of 12% to 20%, as seen in other
surgical RCTs with a 24-month follow-up,1,31 we increased
our initial enrollment target to 110 patients.

Interventions and Randomization

For ethical reasons and in accordance with the senior
author’s standardized, preoperative evaluation for patients
presenting with hip pain, all patients with positive clinical
and radiographic findings confirming the presence of
a symptomatic acetabular labral tear first underwent non-
operative management for at least 12 weeks before being
offered enrollment in the study. Nonoperative manage-
ment included an intra-articular hip joint injection (eg,
combined local anesthetic with a low-dose corticosteroid)
and core-based PT (with a home-based component).
Patients who did not improve from this nonoperative ther-
apy were offered enrollment in the study. Patients who
gave informed consent were randomized in a 1:1 ratio to
surgery plus PT (SPT) or PTA. Notably, patients and
health care providers were both unblinded due to the infea-
sibility of blinding.

SPT Group. Patients randomized to the SPT group con-
sented to arthroscopic acetabular labral repair with femo-
roacetabular osteoplasty. As previously published, the
senior surgeon’s hip arthroscopy technique includes spar-
ing use of intermittent traction,52 pulsed intra-articular
lavage to maintain ambient intra-articular temperatures
during use of thermal wands,2 puncture capsulotomy to
access the central compartment,11,14 microfracture (2013-
2016) or bone marrow aspirate concentrate augmentation
(2016-2020) to address significant chondral defects,25,34,35

sparing use of electrocautery,37 and an emphasis on chon-
drolabral junction preservation.42,53 Importantly, labral
lesions were repaired if adequate, healthy tissue was

amenable to suture anchor fixation, but if the labrum
was found to be irreparable (eg, tissue insufficiency,
advanced degeneration, complex tears), labral reconstruc-
tion was used according to a previously published capsular
augmentation technique.41 After surgery, all patients in
the SPT group underwent a 5-phase standardized postop-
erative PT program developed jointly by the senior author
(a sports medicine fellowship-trained orthopaedic surgeon)
and physical therapists.40 Details of the postoperative PT
protocol are included in Appendix A (available in the online
version of this article).

PTA Group. Patients randomized to the PTA group were
assigned a standardized, 24-week course of supervised, core-
based PT that included active strengthening exercises.21

This course, designed in concert with physical therapists,
was tailored to patients aged �40 years with symptomatic
acetabular labral tears and mild to moderate osteoarthritis
and included the essential elements of the most effective PT
protocols, based on the current literature.21 Specifically,
weeks 1 and 2 were focused on gait retraining, and weeks
3 through 24 were focused on optimizing range of motion
while slowly integrating active strength training. Unlike
the prerandomization PT protocol that all patients com-
pleted, the protocol made for the PTA group was predomi-
nantly supervised by physical therapists (at least 1 in-
person visit per week). Details of the complete 24-week PT
protocol assigned to patients who underwent PTA are
included in Appendix B (available online).

Crossover. Patients who underwent PTA were permit-
ted to cross over to SPT if (1) they had completed at least
14 weeks of PT and (2) their independent physical thera-
pists determined that they had achieved maximal possible
improvement from PTA.

Data Collection

Demographic and descriptive data including age, sex, lat-
erality, body mass index, and radiographic measurements
were obtained at the time of randomization. Pre-
enrollment standing anteroposterior and Dunn lateral
radiographs of the pelvis were assessed to identify the
presence of pincer-type and cam-type FAI.47 Anteroposte-
rior radiographs were also used to obtain Tönnis grade
and lateral center-edge angle. Pre-enrollment magnetic
resonance imaging scans and associated radiographic
reports were assessed for labral condition.

The primary outcome of this original trial was mHHS at
12 months, as has been previously reported.33 The present
study’s primary outcomes, the International Hip Outcome
Tool-33 (iHOT-33) score and mHHS at 24 months after sur-
gery (SPT) or the start of PT (PTA), were thus secondary
outcomes of the original trial.33 Secondary outcomes of
the present study included the Non-Arthritic Hip Score,
Hip Outcome Score–Activities of Daily Living Subscale,
Hip Outcome Score–Sports Subscale, and pain symptoms
tracked using a standard visual analog scale. Clinically
meaningful outcomes were assessed by calculating the
number of patients who achieved previously published
maximum outcome improvement (MOI) thresholds.30,43
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Finally, rates of revision hip arthroscopy and conversion to
THA were also tracked.

Statistical Analysis

To account for the repeated-measures data structure of
our outcome metrics, we used linear mixed-effects models
to assess improvement trajectories across the study
period.7 These models accommodate within-participant
correlations over time by linking observations for each
participant, account for variability between participants,
and incorporate all available data rather than excluding
participants missing a single follow-up time point, as
would be the case in a repeated-measures analysis of var-
iance. Each regression clustered observations at the
patient level; modeled time, treatment, and their interac-
tion as fixed effects; and included random by-participant
intercepts. Parameter estimates and descriptive statistics
for continuous variables are presented with 95% CIs, with
the PTA cohort treated as the reference group (if applica-
ble). Frequency statistics are reported for all noncontinu-
ous variables. A P value of \.05 was considered
statistically significant. All statistical analyses were per-
formed using R Version 4.2.1 (R Foundation for Statistical
Computing).

ITT Analysis. The primary analysis used a standard
ITT approach, in which patients were evaluated in the
group to which they were randomly assigned. Weighted
mean differences in PROMs and pain scores between
SPT and PTA across the study period were calculated
with time modeled as a continuous variable. Adjusted
mean PROM and pain scores at discrete time points were
calculated with time modeled as a categorical variable
and compared between groups at each time point. Impor-
tantly, given the significant limitations of ITT analyses
in providing accurate results in the setting of surgical
RCTs with high rates of crossover and extended follow-
up,15,29 we performed a series of sensitivity analyses. All
sensitivity analyses were designed in conjunction with an
independent institutional biostatistician with the goal of
retaining statistical power despite high rates of crossover.

Modified As-Treated Analysis. We conducted a modified
as-treated analysis using identical methods as those
described for the ITT analysis, with the exception that
the fixed effect of treatment assignment was replaced
with a time-varying fixed effect for the patient’s actual
treatment. Thus, for the patients who crossed over, their
scores before crossover (ie, before surgery) are attributed
to PTA, while their scores after crossover (ie, after surgery)
are attributed to SPT. Like the ITT analysis, weighted
mean differences in scores across the study period and
adjusted mean scores at discrete time points were com-
pared between groups.

Treatment-Failure Analysis. We conducted a treatment-
failure analysis to compare PROM and pain score improve-
ments among patients in the SPT group, the PTA group,
and a separate crossover (CO) group, using scores at the
24-month follow-up or the time of failure to assess the max-
imum improvement achieved by each course of treatment

within 24 months. Failure was defined as crossing over
to SPT, undergoing a revision hip arthroscopy, or convert-
ing to THA. PROM and pain scores at the 24-month follow-
up were used for all patients except for those who experi-
enced failure before 24 months, in which case the PROM
and pain scores at the time of failure were used. Regarding
the patients who crossed over, the scores at the time of PT
failure (ie, immediately before crossover) were attributed
to PTA; however, their 24-month follow-up scores after
surgery (ie, 24 months after crossover) were attributed to
crossover. The requirements for crossover consisted of an
independent physical therapist determining that the
patient could receive no additional benefit from PTA and
the patient being unwilling to continue PT given the lack
of progress. A description of each cohort included in the
treatment-failure analysis can be seen in Appendix Table
A1 (available online). Thus, this analysis compares the
maximum improvement that all patients who underwent
PTA received from PT and the maximum improvement
that all patients who underwent surgery received from sur-
gery within 24 months. Furthermore, separating SPT and
CO postoperative PROM and pain scores allowed us to
assess the effect of additional preoperative PT on postop-
erative outcomes. Improvements between the 3 groups
were compared using an analysis of variance with Tukey
post hoc analysis. Finally, a binary logistic regression was
used to analyze the relationship between course of treat-
ment (ie, PTA, SPT, or CO), age, and Tönnis grade on
the probability of achieving the iHOT-33 MOI threshold
value.30 MOI, a psychometric tool that detects clinical
success and satisfaction after hip arthroscopy, can be
defined as the patient’s change in functional score divided
by their total possible improvement (ie, the difference
between the maximum score for the specific PRO and
the patient’s baseline score).30 MOI was chosen over other
clinically meaningful outcome measures because its
threshold values are not unique for a given follow-up
time point, as is the case for MCID, Patient Acceptable
Symptom State, and substantial clinical benefit. Further-
more, studies have shown that whereas MCID and
Patient Acceptable Symptom State achievement are
greatly influenced by baseline score, MOI effectively lim-
its potential ceiling effects.5,26

RESULTS

Participants

A total of 110 patients were prospectively enrolled in the
present study, with 57 (51.8%) patients in the SPT group
and 53 (48.2%) patients in the PTA group (Figure 1). Of
these patients, 7 (3 SPT, 4 PTA) patients did not undergo
their assigned treatment protocol, and 6 (2 SPT, 4 PTA)
patients were lost to follow-up before 24 months. Thus,
the remaining 97 (52 SPT [53.6%], 45 PTA [46.4%])
patients were included and are the basis of this analysis.
The cohort was composed of 40 (41.2%) men and 57
(58.8%) women with a mean age of 48.34 years (SD, 5.7
years), mean body mass index of 26.38 (SD, 4.1), and
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mean Tönnis grade of 0.82 (SD, 0.7) (Table 1). At the time
of analysis, 32 (71.1%) patients who underwent PTA had
not achieved adequate progression and crossed over to
hip arthroscopy at mean of 5.10 months (SD, 3.3 months;
median, 3.88 months) after initiation of the PT protocol.

Primary Analysis

In the ITT analysis, SPT resulted in significantly higher
overall iHOT-33 scores compared with PTA across the
treatment period (mean difference, 10.5; 95% CI, 3.1-
17.9; P = .006) (Table 2). Evaluating adjusted mean
iHOT-33 scores at discrete time points also revealed signif-
icantly higher scores resulting from SPT at the 3-month (P
\ .001), 6-month (P = .004), and 12-month (P = .010) follow-
ups, but no significant difference was observed at the 24-
month follow-up (P = .255) (Table 3). SPT also resulted in
significantly higher overall mHHS values compared with
PTA across the treatment period (mean difference, 6.4;
95% CI, 1.1-11.7; P = .019) and significantly higher mean
mHHS values at the 3-month (P \ .001) and 6-month (P =
.029) follow-ups. However, no differences were observed in

Figure 1. CONSORT (Consolidated Standards of Reporting
Trials) flow diagram. PT, physical therapy; PTA, physical ther-
apy alone; SPT, surgery and physical therapy.

TABLE 1
Characteristics of Patients Randomized to SPT and PTA Groups and Patients Who Crossed Over From PTA to SPTa

SPT Group (n = 52) PTA Group (n = 45) CO Group (n = 32)

Age, y 47.7 6 6.0 49 6 5.3 49.3 6 5.1
BMI 26.5 6 4.4 26.3 6 3.8 26.9 6 3.8
Sex

Male 21 (40.4) 19 (42.2) 15 (46.9)
Female 31 (59.6) 26 (57.8) 17 (53.1)

Race
White 48 (92.3) 41 (91.1) 31 (96.9)
Black 1 (1.9) 0 (0) 0 (0)
Asian 2 (3.8) 0 (0) 0 (0)
Other 1 (1.9) 4 (8.9) 1 (3.1)

Laterality
Right 22 (42.3) 29 (64.4) 22 (68.8)
Left 30 (57.7) 16 (35.6) 10 (31.3)

Depression 4 (7.7) 5 (11.1) 3 (9.4)
Low back pain 18 (34.6) 20 (44.4) 15 (46.9)
Tönnis grade

0 21 (40.4) 13 (28.9) 11 (34.4)
1 24 (46.2) 22 (48.9) 14 (43.8)
2 7 (13.5) 10 (22.2) 7 (21.9)

Tönnis angle, deg 5.1 6 6.2 4.3 6 5.7 5.0 6 6.2
LCEA, deg 33.0 6 7.8 33.3 6 6.1 33.0 6 6.7
Alpha angle, deg 53.3 6 16.7 54.5 6 17.2 54.5 6 17.5
Radiographic pincer lesion 20 (38.5) 23 (51.1) 15 (46.9)
Radiographic cam lesion 27 (51.9) 22 (48.9) 16 (50)
MRI labral condition

Discrete, linear tear 38 (73.1) 33 (73.3) 22 (68.8)
Complex tear 8 (15.4) 5 (11.1) 5 (15.6)
Degenerative tear 6 (11.5) 7 (15.6) 5 (15.6)

aData are presented as mean 6 SD or n (%). BMI, body mass index; CO, crossover; LCEA, lateral center-edge angle; MRI, magnetic
resonance imaging; PTA, physical therapy alone; SPT, surgery and physical therapy.
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adjusted mean mHHS values at the 12-month (P = .074) and
24-month (P = .157) follow-ups (Tables 2 and 3).

Modified As-Treated Analysis

In the modified as-treated analysis, SPT resulted in signif-
icantly higher overall iHOT-33 scores compared with PTA
across the study period (mean difference, 15.0; 95% CI, 9.9-
20.1; P\ .001) and significantly higher means scores at the
3-month (P \ .001), 6-month (P \ .001), 12-month (P \
.001), and 24-month (P = .001) follow-ups (Tables 4 and
5). SPT also resulted in significantly higher overall
mHHS values compared with PTA across the study period
(mean difference, 8.6; 95% CI, 5.1-12.1; P \ .001) and sig-
nificantly higher mean scores at the 3-month (P \ .001),
6-month (P \ .001), 12-month (P \ .001), and 24-month
(P = .010) follow-ups (Tables 4 and 5).

Treatment-Failure Analysis

A description of each cohort and mean follow-up times can
be seen in Table 6. In the treatment-failure analysis, sig-
nificant differences were seen in mean improvement for
all outcome metrics assessed. SPT resulted in significantly
greater magnitudes of improvement in iHOT-33 (SPT vs
PTA, 33.5 vs 3.3; P \ .001) and mHHS (SPT vs PTA,
20.8 vs 2.9; P \ .001) compared with PTA. Surgery after
crossover also resulted in significantly greater magnitudes
of improvement in iHOT-33 (CO vs PTA, 37.6 vs 3.3; P \
.001) and mHHS (CO vs PTA, 19.8 vs 2.9; P \ .001) com-
pared with PTA. However, on post hoc pairwise analysis,
SPT and surgery after crossover did not differentially
affect magnitudes of improvement in iHOT-33 (SPT vs
CO; 33.5 vs 37.6; P = .741) or mHHS (SPT vs CO; 20.8 vs
19.8; P = .965) (Table 7).

Patients in the SPT group were significantly more likely
to achieve MOI than were those in the PTA group for all
PROMs, including iHOT-33 (60.4% vs 13.3%; P \ .001)
and mHHS (58.5% vs 17.8%; P \ .001) (Table 7). A logistic
regression was performed to assess the effect of course of
treatment (ie, SPT, PTA, or delayed surgery after rigorous
PT [CO]), age, and Tönnis grade on the likelihood of
achieving the MOI threshold value for iHOT-33 (Figure
2).30 Compared with patients who underwent PTA, those
who underwent SPT and surgery after crossover were
10.45 (95% CI, 3.60-30.35; P \ .001) and 11.03 (95% CI,
3.44-35.44; P \ .001) times more likely to achieve the

TABLE 2
Weighted Differences in Mean PROM and Pain

Scores Between SPT and PTA Groups:
Intention-to-Treat Analysisa

PROM
Weighted Difference in
Mean Score (95% CI)b P Value

iHOT-33 10.5 (3.1 to 17.9) .006c

mHHS 6.4 (1.1 to 11.7) .019c

NAHS 6.8 (1.2 to 12.4) .017c

HOS-ADL 6.3 (0.7 to 11.8) .027c

HOS-SS 3.4 (–6.1 to 12.9) .482
VAS –1.2 (–2.1 to 20.3) .008c

aHOS-ADL, Hip Outcome Score–Activities of Daily Living;
HOS-SS, Hip Outcome Score–Sports Subscale; iHOT-33, Interna-
tional Hip Outcome Tool-33; mHHS, modified Harris Hip Score;
NAHS, Non-Arthritic Hip Score; PROM, patient-reported outcome
measure; PTA, physical therapy alone; SPT, surgery and physical
therapy; VAS, visual analog scale.

bReference group: PTA.
cSignificant difference between groups (P \ .05).

TABLE 3
Adjusted Mean PROM and Pain Scores:

Intention-to-Treat Analysisa

SPT Group PTA Group P Value

Preoperative
iHOT-33 40.4 (34.4-46.4) 38.5 (32.1-44.9) .664
mHHS 63.9 (59.6-68.3) 62.8 (58.2-67.5) .740
NAHS 64.7 (60.3-69.2) 63.1 (58.3-67.9) .626
HOS-ADL 73.7 (69.3-78.2) 70.1 (65.4-74.9) .282
HOS-SS 42.3 (34.8-49.7) 42.9 (34.9-50.9) .911
VAS 5.0 (4.3-5.8) 5.4 (4.6-6.2) .546

3 mo
iHOT-33 60.1 (54.0-66.2) 42.3 (35.7-48.9) \.001b

mHHS 77.0 (72.6-81.5) 64.4 (59.6-69.3) \.001b

NAHS 76.1 (71.5-80.6) 65.6 (60.7-70.5) .002b

HOS-ADL 80.6 (76.1-85.1) 71.4 (66.5-76.3) .007b

HOS-SS 44.0 (36.4-51.5) 46.0 (37.8-54.2) .720
VAS 2.8 (2.0-3.5) 5.0 (4.2-5.9) \.001b

6 mo
iHOT-33 69.7 (63.7-75.7) 56.7 (50.2-63.3) .004b

mHHS 80.8 (76.4-85.1) 73.5 (68.7-78.3) .029b

NAHS 82.7 (78.2-87.2) 73.0 (68.1-77.9) .004b

HOS-ADL 85.4 (80.9-89.9) 78.1 (73.2-82.9) .030b

HOS-SS 63.2 (55.7-70.7) 50.4 (42.2-58.5) .024b

VAS 2.4 (1.6-3.1) 3.6 (2.7-4.4) .038b

12 mo
iHOT-33 76.5 (70.4-82.5) 64.7 (58.3-71.2) .010b

mHHS 84.5 (80.0-88.9) 78.5 (73.8-83.3) .074
NAHS 84.3 (79.8-88.8) 78.4 (73.6-83.2) .081
HOS-ADL 87.2 (82.7-91.7) 81.9 (77.1-86.8) .118
HOS-SS 71.1 (63.5-78.7) 59.7 (51.6-67.7) .045b

VAS 2.3 (1.5-3.0) 2.8 (2.0-3.6) .401
24 mo

iHOT-33 75.5 (69.4-81.6) 70.2 (63.6-76.9) .255
mHHS 85.8 (81.3-90.2) 81.0 (76.2-85.8) .157
NAHS 85.4 (80.8-89.9) 81.4 (76.5-86.4) .253
HOS-ADL 89.8 (85.3-94.4) 84.2 (79.3-89.1) .101
HOS-SS 75.4 (67.8-83.1) 70.0 (61.7-78.2) .339
VAS 2.4 (1.6-3.2) 2.6 (1.7-3.4) .780

aData are presented as mean (95% CI). HOS-ADL, Hip Outcome
Score–Activities of Daily Living; HOS-SS, Hip Outcome Score–
Sports Subscale; iHOT-33, International Hip Outcome Tool-33;
mHHS, modified Harris Hip Score; NAHS, Non-Arthritic Hip
Score; PROM, patient-reported outcome measure; PTA, physical
therapy alone; SPT, surgery and physical therapy; VAS, visual
analog scale.

bSignificant difference between groups (P \ .05).
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MOI threshold for iHOT-33, respectively. Conversely,
patients with Tönnis grade 1 and 2 changes were 0.36
(95% CI, 0.14-0.90; P = .029) and 0.22 (95% CI, 0.06-0.74;
P = .014) times less likely to achieve the MOI threshold
for iHOT-33, respectively. However, holding the course of
treatment and Tönnis grade constant revealed that age
alone was not a significant predictor of iHOT-33 MOI
achievement (odds ratio, 1.00; 95% CI, 0.93-1.08; P = .937).

Survivorship

Rates of revision hip arthroscopy and conversion to THA
were tracked for all patients through the maximum avail-
able follow-up. No significant difference was seen regard-
ing rates of revision hip arthroscopy, as no patient in any
cohort underwent a revision arthroscopy (P . .999). Simi-
larly, no significant differences were observed in rates of
THA (P . .999), as 3 (5.8%) patients from the SPT group
converted at a mean of 15.51 months (SD, 4.8 months) after
hip arthroscopy, 1 (2.2%) patient converted to THA directly
from the PTA group at 24.1 months after PT initiation, and
2 (6.3%) patients from the CO group converted at a mean of
14.49 months (SD, 13.3 months) after hip arthroscopy
(Table 6). Of patients who converted to THA, the mean
age at the time of conversion was 55.5 years (SD, 8.1 years)
and the mean Tönnis grade was 1.7 (SD, 1.2). Importantly,
the rate of conversion to THA after PTA should be consid-
ered alongside the 71.1% rate of crossover.

DISCUSSION

Although previous RCTs comparing hip arthroscopy versus
nonoperative management for acetabular labral tears in
the setting of FAI have reported superior functional

outcomes after hip arthroscopy,19,23,31,44 these studies
enrolled patients with a mean age of \40 years, leaving
uncertainty regarding the efficacy of hip arthroscopy in
older patients, a population traditionally associated with
inferior outcomes.9,12,13,36,38,48 Furthermore, of previous
RCTs, only one reported outcomes beyond a 12-month fol-
low-up, but this study has been criticized for its failure to
account for a high crossover rate.15,31 In the present
RCT, the first to assess outcomes beyond 12 months in
patients �40 years of age, we found that SPT led to signif-
icantly greater weighted differences in functional improve-
ments in nearly all PROMs over the 24-month follow-up

TABLE 4
Weighted Differences in Mean PROM and Pain

Scores Between SPT and PTA Groups:
Modified As-Treated Analysisa

PROM
Weighted Difference in
Mean Score (95% CI)b P Value

iHOT-33 15.0 (9.9 to 20.1) \.001c

mHHS 8.6 (5.1 to 12.1) \.001c

NAHS 8.7 (5.2 to 12.2) \.001c

HOS-ADL 6.5 (3.1 to 9.8) \.001c

HOS-SS 2.4 (–3.0 to 7.8) .378
VAS –1.8 (–2.5 to 21.2) \.001c

aHOS-ADL, Hip Outcome Score–Activities of Daily Living;
HOS-SS, Hip Outcome Score–Sports Subscale; iHOT-33, Interna-
tional Hip Outcome Tool-33; mHHS, modified Harris Hip Score;
NAHS, Non-Arthritic Hip Score; PROM, patient-reported outcome
measure; PTA, physical therapy alone; SPT, surgery and physical
therapy; VAS, visual analog scale.

bReference group: PTA.
cSignificant difference between groups (P \ .05).

Figure 2. Predictors of International Hip Outcome Tool-33 maximum outcome improvement achievement at 24 months or treat-
ment failure. Data are presented as OR (95% CI). ySignificant difference between groups (P\ .05). zReference group: PTA. §Ref-
erence group: Tönnis grade 0. CO, crossover; OR, odds ratio; SPT, surgery and physical therapy.
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than did PTA in the ITT and modified as-treated analyses.
Moreover, in the treatment-failure analysis, the SPT and
CO groups both showed significantly greater improve-
ments across all metrics compared with the PTA
group. Importantly, post hoc analyses revealed no signifi-
cant differences in improvement between the SPT and
CO groups, suggesting equivalent improvements from sur-
gery regardless of duration of antecedent PT. Overall,
these results support the 12-month data from the present
trial and suggest that hip arthroscopy is effective in
improving functional outcomes in patients aged �40 years
with limited radiographic osteoarthritis.

Using an ITT analysis, we found that our primary out-
comes, iHOT-33 and mHHS, were significantly greater in
the SPT group, with weighted differences in mean scores
of 10.5 and 6.4 points across the study period, respectively,
relative to the PTA group. Significant differences were pre-
served in the ITT analysis despite their well-documented
limitations in RCTs comparing surgical and nonsurgical
interventions with high rates of 1-way crossover (71% in
the present study). Specifically, the postoperative improve-
ments of patients who crossed over were attributed to the
nonsurgical intervention, which likely diluted the contrast
between groups.24,31,44 This is particularly pronounced at
the 24-month follow-up, as most patients had crossed
over (ie, received surgery) and were past the immediate
postoperative period by this time point. Nevertheless, our
sensitivity analyses, which aimed to account for our high
rate of crossover, consistently revealed superior outcomes
in favor of the SPT group. For example, the weighted dif-
ference in mean iHOT-33 scores between the SPT and
PTA cohorts across the study period was 15.0 points in
the modified as-treated analysis, relative to a 10.5-point
difference in the ITT analysis.

These results contradicted our hypothesis that hip
arthroscopy would not be more clinically effective than PT
for the treatment of symptomatic labral tears in patients
aged �40 years. Although older age at the time of hip
arthroscopy has been associated with inferior functional out-
comes, late regression in PROMs, and greater risk of conver-
sion to THA,9,12,36,38,48 limited studies have explicitly
compared the outcomes from surgery versus PT in patients
.40 years of age. A subgroup analysis of a previous RCT
by Griffin et al19 found significantly greater improvements
in iHOT-33 for those patients randomized to surgery versus
PT ( 1 10.9 points). Apart from this subanalysis, the only pre-
vious study to report on patients aged �40 years was the
publication on the primary outcome at 12 months of the pres-
ent RCT. In that study, the SPT group displayed weighted
differences in mean iHOT-33 scores of 15.23 (P \ .001) and
12.11 (P = .007) relative to the PTA group in the ITT and
modified as-treated analyses, respectively,33 both of which
are comparable to the results demonstrated in the present
study. Combined with our previous 12-month data and the
previous subgroup analysis by Griffin et al,19 our results sug-
gest that hip arthroscopy generates superior improvements
in functional outcomes compared with PTA in patients �40
years of age who have limited radiographic osteoarthritis.

Even though the high rate of crossover observed inhibits
our ability to draw strong conclusions regarding treatment
superiority based on the present data alone, a key finding
of the present study was the equivalent postoperative
improvements seen between the SPT and CO cohorts in
the treatment-failure analysis. This analysis, which aimed
to assess the maximum improvement achieved by each
course of treatment within 24 months, revealed no signifi-
cant differences in PROM improvement between the SPT
and CO cohorts. However, both surgical cohorts improved
significantly more across all PROMs relative to PTA.
This was further corroborated by the logistic regression,
which revealed that the SPT and CO cohorts were 11.03
and 10.45 times more likely to achieve iHOT-33 MOI

TABLE 5
Adjusted Mean PROM and Pain Scores:

Modified As-Treated Analysisa

SPT Group PTA Group P Value

Preoperative
iHOT-33 39.0 (34.5-43.6) 37.9 (32.3-43.5) .706
mHHS 63.3 (60.0-66.6) 62.8 (58.7-67.0) .836
NAHS 63.6 (60.2-67.0) 62.9 (58.7-67.0) .723
HOS-ADL 71.2 (67.8-74.6) 70.6 (66.4-74.8) .799
HOS-SS 40.7 (35.0-46.4) 43.1 (36.2-50.0) .491
VAS 5.2 (4.6-5.7) 5.5 (4.8-6.2) .444

3 mo
iHOT-33 63.4 (58.9-68.0) 42.0 (36.0-47.9) \.001b

mHHS 77.2 (73.9-80.6) 64.8 (60.4-69.2) \.001b

NAHS 77.1 (73.6-80.5) 65.6 (61.2-69.9) \.001b

HOS-ADL 81.0 (77.5-84.4) 72.4 (68.0-76.8) \.001b

HOS-SS 45.2 (39.4-50.9) 46.5 (39.2-53.7) .720
VAS 2.4 (1.8-2.9) 5.2 (4.4-5.9) \.001b

6 mo
iHOT-33 70.8 (66.2-75.4) 44.0 (37.1-50.9) \.001b

mHHS 81.4 (78.0-84.7) 65.9 (60.8-71.1) \.001b

NAHS 83.2 (79.7-86.6) 65.6 (60.5-70.8) \.001b

HOS-ADL 85.7 (82.3-89.2) 71.6 (66.5-76.8) \.001b

HOS-SS 63.1 (57.3-68.8) 45.8 (37.5-54.2) \.001b

VAS 2.3 (1.7-2.9) 5.1 (4.2-6.0) \.001b

12 mo
iHOT-33 76.8 (72.1-81.4) 50.2 (41.4-59.1) \.001b

mHHS 85.3 (81.8-88.7) 69.8 (63.3-76.3) \.001b

NAHS 85.5 (82.0-89.0) 69.5 (63.1-75.9) \.001b

HOS-ADL 87.9 (84.4-91.4) 74.7 (68.3-81.2) \.001b

HOS-SS 71.4 (65.5-77.2) 55.0 (44.5-65.6) .003b

VAS 2.1 (1.5-2.7) 4.3 (3.1-5.4) .001b

24 mo
iHOT-33 75.1 (70.5-79.8) 56.5 (46.0-67.1) .001b

mHHS 84.8 (81.4-88.2) 74.5 (67.0-82.0) .010b

NAHS 85.1 (81.6-88.6) 70.9 (63.2-78.6) \.001b

HOS-ADL 88.5 (85.0-92.0) 75.8 (68.1-83.5) .002b

HOS-SS 74.8 (69.0-80.6) 58.0 (45.5-70.5) .010b

VAS 2.3 (1.7-2.9) 3.8 (2.4-5.1) .039b

aData are presented as mean (95% CI). HOS-ADL, Hip Outcome
Score–Activities of Daily Living; HOS-SS, Hip Outcome Score–
Sports Subscale; iHOT-33, International Hip Outcome Tool-33;
mHHS, modified Harris Hip Score; NAHS, Non-Arthritic Hip
Score; PROM, patient-reported outcome measure; PTA, physical
therapy alone; SPT, surgery and physical therapy; VAS, visual
analog scale.

bSignificant difference between groups (P \ .05).
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threshold values, respectively, compared with the PTA
cohort. Importantly, this finding suggests that delaying
surgery for up to an additional 6 months in favor of nonop-
erative management will not negatively affect potential
future improvements in functional outcomes for patients
who do ultimately receive hip arthroscopy. Furthermore,
this could allow some patients to avoid hip arthroscopy
altogether if they feel that they continue to achieve

adequate improvements in symptoms, thus potentially rep-
resenting a more cost-effective treatment.19,31

Given that hip arthroscopy data are particularly limited
in patients aged �40 years who have Tönnis grade 2 oste-
oarthritis, we performed a linear regression to assess
whether age or Tönnis grade was a greater predictor of
inferior outcomes after hip arthroscopy. Interestingly,
age was not a significant predictor of iHOT-33 MOI

TABLE 6
Patients and Follow-up Times Included in Each Cohort for the Treatment-Failure Analysisa

SPT Group PTA Group CO Group

n Follow-up, Mean (SD), mo n Follow-up, Mean (SD), mo n Follow-up, Mean (SD), mo

24-mo follow-up 49 25.8 (5.1) 13 28.2 (4.9) 30 24.9 (5.9)
Follow-up at time of failure

THA 3 15.5 (4.8) 0b — 2 14.5 (13.3)
Revision arthroscopy 0 — 0 — 0 —
Crossover — — 32 5.10 (3.3) — —

aCO, crossover; PTA, physical therapy alone; SPT, surgery and physical therapy; THA, total hip arthroplasty. Dashes indicate not
applicable.

bOne patient in the PTA group converted to THA 24.1 months after PT initiation, just after the 24-month follow-up.

TABLE 7
Cohort Comparison of Improvements in PROM and Pain Scores and Rates of MOI Threshold

Achievement at 24 Months or Failure: Treatment-Failure Analysisa

PROM SPT Group (n = 52) PTA Group (n = 45) CO Group (n = 32) P Value

Post Hoc P Values

SPT vs PTA SPT vs CO PTA vs CO

iHOT-33
Improvement 33.5 (26.2 to 40.8) 3.3 (–2.7 to 9.4) 37.6 (27.6 to 47.5) \.001b \.001b .741 \.001b

Achieved MOI 32 (61.5)d 6 (13.3)e 19 (59.4)d \.001b

mHHS
Improvement 20.8 (16.3 to 25.2) 2.9 (–1.4 to 7.3) 19.8 (11.8 to 27.8) \.001b \.001b .965 \.001b

Achieved MOI 31 (59.6)d 8 (17.8)e 17 (53.1) \.001b

NAHS
Improvement 19.4 (14.9 to 23.9) 1 (–3.5 to 5.5) 22 (14.2 to 29.8) \.001b \.001b .782 \.001b

Achieved MOI 32 (61.5)d 6 (13.3)e 20 (62.5)d \.001b

HOS-ADL
Improvement 14.7 (10.2 to 19.2) –0.6 (–5.2 to 3.9) 18.4 (9.7 to 27.1) \.001b \.001b .635 \.001b

Achieved MOIc 0 (0) — — —
HOS-SS

Improvement 31.5 (23.7 to 39.2) 0.6 (–5.6 to 6.9) 34.3 (24 to 44.5) \.001b \.001b .881 \.001b

Achieved MOI 32 (61.5)d 7 (15.6)e 22 (68.8)d \.001b

VAS
Improvement –2.5 (–3.4 to 21.6) –0.3 (–1.3 to 0.7) –3.3 (–4.6 to 22) \.001b .004b .563 \.001b

Achieved MOI 27 (51.9) 9 (20)e 21 (65.6)d \.001b

aImprovements in PROM and pain scores are reported as mean (95% CI), and proportions of patients achieving MOI are reported as the
number of patients reaching the threshold value (%). Dashes indicate 0 patients achieved MOI.

bSignificant difference between groups (P \ .05). CO, crossover; HOS-ADL, Hip Outcome Score–Activities of Daily Living; HOS-SS, Hip
Outcome Score–Sports Subscale; iHOT-33, International Hip Outcome Tool-33; mHHS, modified Harris Hip Score; MOI, maximal outcome
improvement; NAHS, Non-Arthritic Hip Score; PROM, patient-reported outcome measure; PTA, physical therapy alone; SPT, surgery and
physical therapy; VAS, visual analog scale.

cNo validated MOI threshold value for HOS-ADL.
dAdjusted residual, .1.96.
eAdjusted residual, \–1.96.
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achievement, while Tönnis grade was inversely propor-
tional to one’s odds of iHOT-33 MOI achievement. Thus,
our results suggest that age is more likely a surrogate of
age-related degeneration and poor outcomes rather than
an independent predictor of poor outcomes. This is consis-
tent with previous literature showing that worse chondral
damage portends inferior outcomes10,18,51 and may explain
the heterogeneity in the current literature regarding the
prognostic value of older age in the setting of hip arthros-
copy. Specifically, a systematic review by Horner et al22

found that of 3 studies comparing PROM improvement
between patients �40 and \40 years of age, 1 found signif-
icantly less improvement among patients �40 years of age
relative to the younger cohort, while the other 2 found no
significant differences in improvement between groups.
Further research investigating the prognostic value of
age in the setting of hip arthroscopy should carefully con-
sider preoperative chondral damage in their analyses.

Limitations

This study was subject to several limitations that should be
noted. First, crossover rates in this study were high at
71%. For ethical reasons, all randomized patients had to
meet surgical eligibility (failure of at least 3 months of non-
operative management), potentially increasing crossover
rates because participants randomized to PTA were aware
that they met surgical eligibility criteria. In addition, the
high crossover rate of this study confounds the data and
limits the reader’s ability to draw significant conclusions.
Second, it is possible that some patients had a bias for
either the SPT or PTA treatment arm. However, to mini-
mize this bias, we imposed strict inclusion criteria to
ensure that patients did not consciously prefer one treat-
ment arm and were committed to completing their
assigned treatment before enrollment. Third, despite the
inferior hip arthroscopy outcomes that have been associ-
ated with a Tönnis grade of 2,10,18 the present study
included patients with Tönnis grade 2 changes for prag-
matic purposes given the high prevalence of these changes
in patients aged �40 years with acetabular labral tears
secondary to FAI. Fourth, as with previous similar RCTs,
our 24-month primary endpoint limited our ability to
report long-term outcomes of each study arm, particularly
with respect to THA conversion rate. Fifth, our single-
surgeon study design limited the sample size and general-
izability of our findings. Finally, blinding was not possible
in this study, which randomized a surgical versus a nonsur-
gical intervention.

CONCLUSION

In patients aged �40 years with limited osteoarthritis,
arthroscopic acetabular labral repair with postoperative
PT led to better outcomes than PTA at a 24-month fol-
low-up. However, an additional course of preoperative PT
did not compromise surgical outcomes and may allow
some patients to avoid surgery. When surgery is indicated,

age �40 years should not be considered an independent
contraindication to arthroscopic acetabular labral repair.
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