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Effect of Osteochondroplasty on Time to
Reoperation After Arthroscopic Management
of Femoroacetabular Impingement

Analysis of a Randomized Controlled Trial
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on behalf of the FIRST Investigators*

Investigation performed at 10 centers across Canada, Denmark, and Finland

Background: A subset of patients with femoroacetabular impingement (FAI) fail arthroscopic management. It is not clear which
patients will fail surgical management; however, several surgical and patient factors, such as type of procedure and age, are
thought to be important predictors.

Purpose: This time-to-event analysis with a 27-month follow-up analysis compared the effect of (1) arthroscopic osteochon-
droplasty with or without labral repair versus (2) arthroscopic lavage with or without labral repair on the time to reoperation in adults
aged 18 to 50 years with FAI.

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

Methods: Eligible participants had been randomized in a previous study trial to a treatment of arthroscopic osteochondroplasty or
arthroscopic lavage with or without labral repair. Using the comprehensive data set from the Multinational Femoroacetabular
Impingement Randomized controlled Trial, all reoperations until 27 months after surgery were identified. The analysis was conducted
using a Cox proportional hazards model, with percentage of patients with a reoperation evaluated in a time-to-event analysis as the
outcome. The independent variable was the procedure, with age and impingement subtype explored as potential covariates. The
effects from the Cox model were expressed as the hazard ratio (HR). All tests were 2-sided, with an alpha level of .05.

Results: A total of 108 patients in the osteochondroplasty group and 106 patients in the lavage group were included. The mean age
of the patients included in the study was 36 ± 8.5 years. Overall, 27 incident reoperations were identified within the 27-month
follow-up, with an incidence rate of 6 per 100 person-years. Within the osteochondroplasty group, 8 incident reoperations were
identified (incidence rate, 3.4 per 100 person-years), while within the lavage group, 19 incident reoperations were identified
(incidence rate, 8.7 per 100 person-years). The hazard of reoperation for patients undergoing osteochondroplasty was 40% of that
of patients undergoing lavage (HR, 0.40 [95% CI, 0.17-0.91] P ¼ .029).

Conclusion: This study demonstrated that for adults between the ages of 18 and 50 years with FAI, arthroscopic osteochon-
droplasty was associated with a 2.5-fold decrease in the hazard of reoperation at any point in time compared with arthroscopic
lavage.

Registration: NCT01623843 (ClinicalTrials.gov identifier).

Keywords: femoroacetabular impingement; arthroscopic surgery; osteochondroplasty; femoroplasty; hip labral tear; labral repair;
hip impingement

Femoroacetabular impingement (FAI) is a condition
whereby a mismatch in shape and size between the femoral
head and the acetabulum causes debilitating hip pain in
young adults, and it is recently becoming better under-
stood. There are 2 major morphology subtypes of FAI: (1)

the cam-type—a misshaped femoral head—and (2) the pin-
cer-type—an overcovered or deep socket.15 Many patients
have a combination of these deformities, which are referred
to as a mixed type.3 These abnormal bony structures cause
impingement with movement of the hip, particularly with
flexion and internal rotation. The impingement is proposed
to cause damage to structures within the hip joint, such as
the cartilage and the labrum, which leads to pain and dis-
ability for many young adults with the condition.9
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While patients with FAI generally improve after
surgical management, there are some who do not respond
as well, with reported failure rates up to 13% in previous
studies.4,5,12 In patients who fail the initial surgical man-
agement and thus require revision surgery, further labral
tears and residual osseous deformity of the femoral head-
neck junction are commonly reported.13,20,21 It is not
completely clear which patients undergoing surgical man-
agement of FAI will have a successful outcome; however,
several surgical and patient factors that may predict success
or failure have been reported. Labral debridement alone,
older age, and elevated body mass index (BMI) are some
factors that have been associated with negative outcomes
in previous studies.23

The recently completed Femoroacetabular Impingement
Randomized controlled Trial (FIRST) is a multicenter,
international randomized controlled trial (RCT) that eval-
uated the effect of arthroscopic osteochondroplasty versus
arthroscopic lavage in 220 adults aged 18 to 50 years diag-
nosed with FAI.2 Using data from this trial, the purpose of
this study was to assess and compare the effect of (1)
arthroscopic osteochondroplasty with or without labral
repair versus (2) arthroscopic lavage with or without labral
repair on the time to reoperation in adults aged 18 to 50
with FAI using a time-to-event analysis over a 27-month
follow-up. Our hypothesis was that arthroscopic osteochon-
droplasty would result in a decreased hazard of reoperation
compared with arthroscopic lavage.

METHODS

The FIRST trial protocol was registered at clinicaltrials.gov
(NCT01623843), and ethics approval was granted to the
Methods Center at McMaster University as well as at each
participating site.

Trial Design

The full methodological details of the trial have been pub-
lished previously.7,22 The trial involved 10 centers across
Canada, Denmark, and Finland between October 2012 and
November 2017. Patients were eligible for inclusion in the
study if they had the cam- or the mixed-type FAI confirmed
with radiography after at least 6 months of nonoperative
management and if they were between the ages of 18 and 50
years. Eligible participants were then randomized to
undergo surgical management with either arthroscopic
osteochondroplasty (ie, surgical correction of the hip

impingement morphology) or arthroscopic lavage (ie, wash-
ing out the hip joint) with or without labral repair using a
centralized, 24-hour, internet-based randomization sys-
tem. In the osteochondroplasty group, bony lesions were
resected using fluoroscopic guidance. In the lavage group,
no osteochondroplasty was performed after lavage of the
joint with 3 L of normal saline. In both groups, significant
and obvious labral tears and cartilage damage were
addressed with repair or debridement. The final follow-up
for each patient was intended to be 27 months after one’s
initial respective surgical intervention. The event of inter-
est in this study was reoperation of the ipsilateral hip. A
reoperation was defined as any unplanned revision surgery
of the trial hip to relieve pain, treat infection, or improve
function. Each reoperation, as well as the date, was
recorded, and the event was reviewed by a blinded, inde-
pendent adjudication committee to determine whether it
was a true reoperation event according to prespecified
criteria.

Covariates for Assessment

The covariates chosen for the assessment in this study were
based on clinical rationale, as well as previous reports in
the literature, and included impingement subtype and
age.10,11,19 The impingement subtype was assessed before
the surgical management, as patients were deemed to have
the cam or the mixed type of appearance on the arthro-
scopic examination. Other covariates measured but not
included in the model were sex, ethnicity, BMI, baseline
sport activity, degree of osteoarthritis, and impingement
severity. The baseline sport activity was self-defined by
participants included in the study as none, light, moderate,
or vigorous. The Tönnis and Heinecke classification was
used to grade osteoarthritis, with grade 0 indicating no sign
of osteoarthritis, grade 1 slight narrowing of the joint,
grade 2 increased narrowing of the joint and moderate loss
of sphericity of the femoral head, and grade 3 obliteration of
the joint space with severe deformity of the femoral head.25

Impingement severity was classified as severe (alpha angle
>83�), moderate (alpha angle �60�), or mild (alpha angle
<60�).

Time Origin and Scale

Time-on-study was used as the time scale, with the time
origin taken as the time of initial surgery for all patients,
and the reoperation time was taken as time (number of
days) from the initial surgery to the reoperation. Data were
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censored at either the 27-month (final) follow-up visit or the
last available follow-up visit for those lost to follow-up
early.

Statistical Analysis

Descriptive statistics were calculated, including counts,
frequencies, and percentages for categorical variables,
means, standard deviations, and standard errors for nor-
mally distributed variables, and medians and ranges for
nonnormally distributed data. Patients were analyzed in
the group to which they were randomized (as per the inten-
tion-to-treat principle). The person-years incidence rate
was calculated as the number of patients with reoperations
divided by the sum of the final follow-up or event times for
each patient.8 The 1-year incidence was calculated as the
number of patients with reoperations before 1 year divided
by the number of patients who completed follow-up assess-
ments at 1 year. All analyses were conducted using SAS
Version 9.3 (SAS Institute Inc).

Primary Outcome Analysis. Kaplan-Meier curves were
constructed to depict the time to reoperation. The mean
survival times were calculated as the integral under the
Kaplan-Meier curves until the 27-month follow-up. The pri-
mary analysis was conducted using a proportional hazards
model, with the percentage of patients with a reoperation
analyzed in a time-to-event analysis as the outcome. The
independent variable was the procedure (osteochondro-
plasty vs lavage), with age and impingement subtype
explored as potential covariates. It was anticipated that a
total of approximately 25 to 30 events (reoperations) would
be recorded at the final follow-up of 27 months, and there-
fore it was decided a priori that no more than 2 covariates
could be included in the model to prevent an overfitted,
unstable model. Cox proportional hazards regression mod-
eling was used to estimate the effect of osteochondroplasty
as compared with lavage on the time to reoperation. A test
for nonproportional hazards was performed using the
approach of cumulative sums of martingale residuals over
time as described by Lin et al.14 A Kolmogorov-Smirnov
type of supremum test based on a sample of 1000 simulated
residual patterns was then computed. Furthermore, plot
testing the proportional hazards assumption with Schoen-
feld residuals of each included variable over time was
assessed.24 If the proportionality assumption was not met,
the results would be stratified, if appropriate.

The selection of possible covariates for inclusion in the
final models was guided by clinical judgment, univariate
analyses, and the change-in-estimate criterion. The
goodness-of-fit of the models was also compared using the
Akaike information criterion (AIC).1 Given that the treat-
ment group was randomly allocated, the proportions of
covariates within each group were expected to be approxi-
mately similar. Therefore, covariates were only included in
the final model if their inclusion in the model changed the
effect size of the treatment group by a cutoff of more than
10%, as per the change-in-estimate criterion.16 The effects
from the Cox model were expressed as a hazard ratio (HR),
the corresponding 95% CI, and the associated P value. All
tests were 2-sided, with an alpha level of .05.

Sensitivity Analysis. A sensitivity analysis was run to
assess the robustness of the outcome findings to possible
informative censoring by examining 2 scenarios in the
patients who were censored early (before 27 months). The
first scenario considered all these patients as not having a
reoperation, with a follow-up time (censored) of 27 months.
The second scenario considered all these patients as having
a reoperation at the median follow-up time. This represents
an analysis similar to the best- and worst-case scenario.
Another sensitivity analysis assessed the outcome in a Cox
model that included prespecified covariates, which were
excluded in the final Cox model. A maximum of 2 covariates
were included given the 27 events.

RESULTS

Description of Cohort

A total of 220 patients with FAI were first enrolled in the
study between October 26, 2012, and November 9, 2017. Six
patients were later found to be ineligible—2 patients
decided against surgery, 2 patients were found to have nei-
ther the cam- nor the mixed-type FAI on arthroscopic explo-
ration, 1 patient was older than 50 years, and 1 patient did
not undergo documented physical therapy for the hip before
surgery—resulting in 108 total patients included in the
osteochondroplasty group and 106 patients in the lavage
group (Figure 1). Of the total cohort, 212 and 209 patients
had a valid assessment at 12 and 27 months, respectively.
The reasons for early censoring/loss to follow-up are pro-
vided in Figure 1.

The mean age of the patients included in the study was
36 ± 8.5 years (36.7 ± 8.2 years in the osteochondroplasty
group and 35.4 ± 8.8 years in the lavage group). The cam-
type impingement was reported in 64 patients in the osteo-
chondroplasty treatment group (59.3%) and 61 patients
(57.5%) in the lavage group. Overall, the baseline charac-
teristics were well-balanced between treatment groups,
with the full details of the patient characteristics/baseline
data of the treatment group available in Table 1. A similar
proportion of patients in the osteochondroplasty group (20/
108 [18.5%]) and the lavage group (20/106 [18.9%]) had a
labral resection performed because of a labral tear that was
deemed to be unrepairable intraoperatively. Only 1 patient
(0.9%) in the osteochondroplasty group required no capsu-
lotomy, while 8 patients (7.5%) in the lavage group had no
capsulotomy done. Capsule closure was performed in 33
(30.6%) of patients in the osteochondroplasty group com-
pared with 14 (13.2%) of patients in the lavage group.

Incidence of Reoperation

Overall, a total of 27 incident reoperations were identified
within 27 months of follow-up (cumulative incidence of
12.6% [N ¼ 214 patients]), with an unadjusted reoperation
(person-time) incidence rate of 6 per 100 person-years
(Figure 2). All 27 of the reoperations involved revision hip
arthroscopy of the ipsilateral hip. The most common indica-
tions for reoperation were worsened hip pain (n ¼ 15),
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reinjury of the labrum (n ¼ 11), and heterotopic ossification
(n¼ 1). Seven patients had a reoperation within 12 months,
for an overall first-year incidence of reoperation of 3.3%
(95% CI, 1.6%-6.8%). The indications for reoperation within
12 months were similarly worsened hip pain (n ¼ 4) and
reinjury of the labrum (n ¼ 3).

Within the osteochondroplasty group, a total of 8 inci-
dent reoperations were identified within 27 months of
follow-up (cumulative incidence, 7.4% [n ¼ 108 patients]),
with an unadjusted reoperation (person-time) incidence
rate of 3.4 per 100 person-years. Using the 27-month
follow-up period of this study, the mean time-to-
reoperation within the osteochondroplasty group was
791.5 days (SE, 10.9). Two patients had a reoperation
within 12 months for a first-year incidence of reoperation
of 1.9% (95% CI, 0.4%-7.3%).

Within the lavage group, a total of 19 incident reopera-
tions were identified within 27 months of follow-up (cumu-
lative incidence, 17.9% [n ¼ 106 patients]), with an
unadjusted reoperation (person-time) incidence rate of 8.7
per 100 person-years. Using the 27-month follow-up period
of this study, the mean time-to-reoperation within the
lavage group was 762.5 days (SE, 13.9). Five patients had
a reoperation within 12 months for an overall first-year inci-
dence of reoperation of 4.8% (95% CI, 2%-11.1%). Figure 3
depicts Kaplan-Meier curves stratified by treatment group.

Model Selection

Univariate Cox analyses for the covariates age (P ¼ .88) and
impingement subtype (P ¼ .78) both had nonsignificant
results (Table 2). After running univariate analyses, Cox

models were run, including the treatment group and each
of the covariates under consideration. The AIC values in each
of these scenarios were higher than the AIC in the model
with the treatment group alone. In each case, the HR for the
treatment group was not changed more than 10% with
the inclusion of either age or impingement subtype in the
model (Table 2). Therefore, the final model included only the
treatment group variable as the independent variable with
no additional covariates included in the final Cox model.

Assessment of the Model Assumptions

In the assessment of the treatment group variable for the
proportional hazards assumption, the Kolmogorov-Smirnov
type of supremum test for the proportional hazards assump-
tion yielded a nonsignificant result (P ¼ .350), supporting
that the treatment variable satisfies the proportional
hazards assumption (Appendix Figure A1). Assessment of
the plot of Schoenfeld residuals of the treatment group over
time showed that the data centered around zero, again sup-
porting that the treatment variable satisfies the proportional
hazards assumption (Appendix Figure A2). Last, on assess-
ment of the interaction of the treatment variable with time
within the Cox model, the time interaction term was not
significant (P ¼ .38), further supporting that the treatment
variable satisfied the proportional hazards assumption.

Effect of Treatment Group on Hazard
of Reoperation

For patients with FAI, the hazard of reoperation for
patients undergoing osteochondroplasty was 40% of that
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(n = 405)

Excluded (n = 185)

Allocated to lavage (n = 110)
• Pa�ents adjudicated as ineligible (n = 4)

Received osteochondroplasty 
and included in primary VAS analysis

(n = 108)

Received lavage 
and included in primary VAS analysis

(n = 106)

Randomized (n = 220)

Valid assessment at 27 months
(n = 105)

Valid assessment at 27 months
(n = 104)

Withdrew from study (n = 1)
Unable to locate (n = 2) Unable to locate (n = 2)

Allocated to osteochondroplasty (n = 110)
• Pa�ents adjudicated as ineligible (n = 2)

Figure 1. Flow diagram for patients included and those with complete follow-up. VAS, visual analog scale.
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of patients undergoing lavage (HR, 0.40 [95% CI, 0.17-
0.91]; P ¼ .029).

Sensitivity Analysis

On sensitivity analysis of the robustness of the result to
possible informative censoring, 2 scenarios were assessed.
The first scenario considered none of the early censored
individuals to have had an event at 27 months’ follow-up.
In this scenario, the hazard of reoperation for patients
undergoing osteochondroplasty was 40% of that of patients
undergoing lavage (HR, 0.40 [95% CI, 0.17-0.90]; P ¼ .03).
The second scenario considered all the early censored indi-
viduals to have had an event at the mean survival time. In

this scenario, the hazard of reoperation for patients under-
going osteochondroplasty was 49% of that of patients
undergoing lavage (HR, 0.49 [95% CI, 0.22-0.99]; P ¼ .05).

Two covariates were considered for inclusion within the
sensitivity Cox model: (1) age and (2) impingement subtype,
based on clinical rationale. The Kolmogorov-Smirnov type
of supremum test for the proportional hazards assumption
yielded a nonsignificant result for these 2 covariates (P ¼
.73 and P ¼ .22, respectively). Within the sensitivity anal-
ysis of this Cox model, the hazard of reoperation for
patients undergoing osteochondroplasty was 40% of that
of patients undergoing lavage (HR, 0.40 [95% CI, 0.17-
0.91]; P ¼ .03), and the HRs for age (P ¼ .78) and morphol-
ogy (P ¼ .32) were not significant.

TABLE 1
Patient and Hip Characteristicsa

Osteochondroplasty (n ¼ 108) Lavage (n ¼ 106) Total (N ¼ 214)

Age, y, mean ± SD 36.7 ± 8.2 35.4 ± 8.8 36 ± 8.5
Sex, n (%)

Male 66 (61.1) 67 (63.2) 133 (62.1)
Female 42 (38.9) 39 (36.8) 81 (37.9)

Ethnicity, n (%)
Native 4 (3.7) 0 (0) 4 (1.9)
Asian 3 (2.8) 4 (3.8) 7 (3.3)
Black 0 (0) 3 (2.8) 3 (1.4)
White 100 (92.6) 95 (89.6) 195 (91.1)
Mixed race 1 (0.9) 4 (3.8) 5 (2.3)

BMI, kg/m2

<18.5 4 (3.7) 1 (0.9) 5 (2.3)
18.5 to <25 35 (32.4) 37 (34.9) 72 (33.6)
25 to <30 46 (42.6) 31 (29.2) 77 (36)
30 to <40 22 (20.4) 35 (33) 57 (26.6)
�40 1 (0.9) 2 (1.9) 3 (1.4)

Baseline sport activity, n (%)
None 22 (20.4) 18 (17) 40 (18.7)
Light 28 (25.9) 31 (29.2) 59 (27.6)
Moderate 37 (34.3) 43 (40.6) 80 (37.4)
Vigorous 21 (19.4) 14 (13.2) 35 (16.4)

Affected hip
Left 46 (42.6) 50 (47.2) 96 (44.9)
Right 62 (57.4) 56 (52.8) 118 (55.1)

Tönnis and Heinecke classification, n (%)
Grade 0 47 (43.5) 51 (48.1) 98 (45.8)
Grade 1 56 (51.9) 41 (38.7) 97 (45.3)
Grade 2 5 (4.6) 13 (12.3) 18 (8.4)
Grade 3 0 (0) 1 (0.9) 1 (0.5)

Labral tears present, n (%)
None 16 (14.8) 15 (14.2) 31 (14.5)
Anterior only 78 (72.2) 84 (79.2) 162 (75.7)
Posterior only 2 (1.9) 1 (0.9) 3 (1.4)
Superior/lateral only 7 (6.5) 4 (3.8) 11 (5.1)
Anterior and superior/lateral only 5 (4.6) 2 (1.9) 7 (3.3)

Impingement subtype from surgical form, n (%)
Mixed 44 (40.7) 45 (42.5) 89 (41.6)
Cam 64 (59.3) 61 (57.5) 125 (58.4)

Impingement severity
Severe 12 (11.1) 6 (5.7) 18 (8.4)
Moderate 54 (50) 61 (57.5) 115 (53.7)
Mild 42 (38.9) 39 (36.8) 81 (37.9)

aTable adapted from Ayeni et al.2 BMI, body mass index.
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DISCUSSION

The most important finding within this study was that
osteochondroplasty resulted in a 2.5-fold decreased hazard
of reoperation in patients with FAI compared with lavage
with or without labral repair in a time-to-event analysis.
The incidence of reoperation in patients undergoing

osteochondroplasty was 3.4 per 100 person-years, while
that in patients undergoing lavage alone was 8.7 per 100
person-years. Age and morphology subtype had no impact
on the hazard of reoperation in patients in this study.

Overall, the cumulative incidence of reoperation of
patients included in this study at 27-month follow-up was
12.6%. This rate is almost identical to that reported by
Degen et al5 in 8267 primary hip arthroscopy cases, where
the 2-year cumulative reoperation rate was reported as
11.9%. However, the reoperations in that study included
both revision hip arthroscopy and total hip replacement.
Another study by Gupta et al10 reported a 2-year cumula-
tive revision hip arthroscopy rate of 7.7%, in addition to a
cumulative incidence of reoperation in the form of total hip
arthroplasty of 9.1%. Both Degan et al5 (HR, 2.09) and Mal-
viya et al17 (HR, 4.65) found that patients aged 50 years and
older had a higher risk of reoperation. While the present
study did not find any significant association between age
and time to reoperation, a strong explanation for this find-
ing would be the exclusion of patients over the age of 50,
many of whom will undergo a reoperation in the form of a
total hip replacement. While it has previously been
reported that patients with labral repair have a lower risk
of requiring a reoperation,5 these findings were not identi-
fied within the FIRST trial where 17 of 27 (63%) of patients
requiring reoperation had a labral repair compared with
112 of 187 (60%) in those not requiring a reoperation.2 How-
ever, the relatively small number of patients in the reoper-
ation cohort in the FIRST study could be one explanation
for this discrepancy. Before the FIRST trial, the effect of
osteochondroplasty on the need for revision surgery had not
previously been reported.

Continued hip pain and reinjury of the labrum accounted
for more than 95% of the reoperations reported in this
study, with heterotopic ossification accounting for only 1
reoperation case. A previous study reported that retears
of the labrum were present in 86% of hips at the time of
revision hip arthroscopy.18 Another study of revision hip
arthroscopy procedures by Philippon et al20 found that 36
of 37 cases had a residual bony appearance that was either
not addressed or deemed to be inadequately resected dur-
ing the index surgery. Similarly, Ross et al21 compared
postoperative computed tomography scans in patients with
successful surgical procedures with patients with contin-
ued symptoms and found that 90% of the symptomatic
group had residual osseous deformity. In the largest series
published to date on patients undergoing revision hip

TABLE 2
Summary of Model Selection Resultsa

Univariate Analysis Result Cox Model With Treatment Group

Covariate HR (95% CI) P Treatment Group HR (95% CI) Change in AIC vs Treatment Group Alone

Age 1 (0.96-1.05) .88 0.40 (0.17-0.90) þ1.9
Impingement subtype 1.12 (0.50-2.5) .78 0.40 (0.17-0.91) þ1.9

aThe first 2 columns represent the results from univariate Cox analyses for each of the assessed covariates. The second 2 columns
represent the HR in the treatment group after the addition of each covariate in a Cox model with the treatment group, as well as the change
in the AIC from this model compared with the model with the treatment group alone. AIC, Akaike information criterion; HR, hazard ratio.

Figure 3. Kaplan-Meier survival plot for time to reoperation
stratified by treatment group.

Figure 2. Kaplan-Meier survival plot for time to reoperation.
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arthroscopy for residual FAI by Larson et al,13 it was found
that 80 of 85 hips (>94%) had residual cam-type deformity.
Notably, the study found that more than 70% of hips were
found to have new chondral or labral causes at the time of
the revision. Furthermore, it has been demonstrated that
labral tears rarely occur without underlying bony struc-
tural abnormalities, with isolated labral tears identified
in only 13% of patients presenting with a tear of the
labrum.26 Therefore, it could be hypothesized that the
2.5-fold higher rate of reoperations in patients not under-
going osteochondroplasty in this study could be caused by
residual aberrant bony appearance of the joint as it per-
tains to the natural history of cartilage breakdown.

The final Cox model used within this study considered
the treatment group as an independent variable, with no
other covariates included in the model. Although age and
impingement subtype were considered for inclusion in the
model, none of these variables changed the HR of the treat-
ment group by more than 10% with their inclusion. Fur-
thermore, a sensitivity analysis demonstrated an almost
identical result in the HR of the treatment group when
covariates were included in the model compared with when
no covariates were included. Since patients included in this
trial were randomized by treatment group, patients within
each treatment group were expected to have approximately
equal levels of each covariate. The characteristics data of
patients included within this study by treatment group con-
firmed a relatively equal distribution. Therefore, the need
to include only the treatment variable within the Cox model
was what might have been expected, given the methodolog-
ical design of this study. Balancing covariates in each treat-
ment group is one of the major advantages of an RCT over
other trial designs.

In the methodology of this study, a Cox proportional
hazards model was used with HRs as the primary outcome.
This methodology (time-to-event analysis) is preferable over
a comparison of the treatment groups at a single point in
time (eg, at the conclusion of the study) using a logistic
regression. Benefits of the Cox model over analyses that are
not time-to-event include the ability to incorporate censored
data and prevent random obscuring of the true treatment
effect that could occur by looking at only a single time point
in an analysis that is not time-to-event.6 Furthermore, the
use of a Cox model was valid in this study as demonstrated
via assessment of the proportional hazards assumption.

A limitation of this study included a relatively small sam-
ple size (N ¼ 214) and number of events (n ¼ 27) for reoper-
ation as a time-to-event analysis. Although no covariates
were included in the final model, a maximum of 2 covariates
would have been permitted for inclusion, given the number
of events, to prevent an overfitted unstable model. Therefore,
a larger sample size would have been preferable to answer
the aim of this study from a time-to-event perspective. Alter-
natively, the follow-up time within this study may have been
insufficient to identify the majority of reoperation events.
A previous study with a 10-year follow-up has reported that
the cumulative incidence of reoperations at 2-year follow-up
was only approximately one-half of the ultimate cumulative
incidence of reoperations at the final follow-up of 10 years.5

Further analysis of this study at longer follow-up times

would likely yield a larger number of reoperation events for
assessment. Furthermore, given the age of patients in this
study (<50 years) a longer follow-up time could provide
important information with respect to the effect of osteo-
chondroplasty on time to total hip arthroplasty, in addition
to the need for revision hip arthroscopy. As we may have
expected given their age, no patients in this study under-
went hip arthroplasty at 27-month follow-up. Another limi-
tation relates to the relative difference in capsule
management across patients in this study, which can affect
outcomes after the surgical management of FAI.

CONCLUSION

This randomized, time-to-event analysis with 27-month
follow-up demonstrated that for adults between the ages
of 18 and 50 years with FAI, arthroscopic osteochondro-
plasty was associated with a 2.5-fold decrease in the hazard
of reoperation at any point compared with arthroscopic
lavage with or without labral repair.
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APPENDIX

Figure A1. Plot of the Kolmogorov-Smirnov–type supremum
test to test the proportional hazards assumption for the treat-
ment variable.

Figure A2. Plot of the Schoenfeld residuals for the treatment
group to assess the proportional hazards assumption.
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