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Research Article

Mid-term Patient-reported
Outcomes of Hip Arthroplasty After
Previous Hip Arthroscopy: A
MatchedCase-control StudyWith a
Minimum 5-year Follow-up

Abstract

Background: Previous hip arthroscopy may affect the outcomes of
subsequent hip arthroplasty. The purpose is to compare mid-term
patient-reported outcomes (PROs) and complication rates in patients
who had previous ipsilateral hip arthroscopy (PA) with those without a
previous surgery.
Methods: A minimum 5-year PROs, complications, and revision
surgery rates were compared between total hip arthroplasty (THA)
recipients who received PA and those without. Available
intraoperative findings, procedures, and conversion time of
arthroscopies were reported. The relative risk (RR) of complications
and revision THAs were reported. A Kaplan-Meier analysis assessed
survivorship of revision THA.
Results: There were 34 cases (33 patients) of PA that were matched
to 89 control cases (87 patients). Both cohorts reported similar scores
for Harris hip score, Forgotten Joint Score, pain, and patient
satisfaction. No differences in the outcomes were found based on the
arthroplasty approach. A higher postoperative complication rate {RR,
2.617 (95%confidence interval [CI], 0.808 to 8.476)} and revision THA
rate (RR, 13.088 [95%CI, 1.59 to 107.99]) were found in thePAgroup.
Conclusion: Patients with PA demonstrated similar levels of PROs
as those without previous ipsilateral hip arthroscopy. There may,
however, be a higher rate of complications and revision surgery in the
PA group.
Level of Evidence: III

Hip arthroscopy for the treat-
ment of the nonarthritic adult

hip is one of themost rapidly growing
surgical procedures in the field of
orthopaedic sports medicine. One
study found a 500% increase in cases
performed between 2005 and 2013.1

Two recent randomized controlled
trials comparing hip arthroscopy
with the best available conservative
treatment in the management of

femoroacetabular (FAI) found supe-
rior outcomes for surgical interven-
tion.2,3 Critical evaluation of the
literature has shown that the success
of hip arthroscopy is heavily depen-
dent on proper patient indications.4

Multiple high-volume hip preserva-
tion institutions have identified pre-
operative variables, such as advanced
age, increased body mass index,
and revision procedures as negative
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predictors of postoperative patient-
reported outcomes (PROs) after hip
arthroscopy.5-9 Similarly, prolonged
duration of symptoms, decreased
preoperative joint space, increased
Tönnis grade, and advanced artic-
ular cartilage damage have all been
shown to portendworse outcomes.10-12

However, even with appropriate
indications, a percentage of patients
will continue to experience advancing
articular cartilage disease, necessitat-

ing further surgical interventions such
as hip arthroplasty.
Total hip arthroplasty (THA) is the

most common revision surgery after
THA, with rates of up to 10% by
2 years and up to 34% by 10
years.8,13-16 The risk for conversion to
THA markedly increases with
increased age and in the presence of
preexisting cartilage damage.15,17-19

Although multiple studies have re-
ported on the conversion rate to THA,

there is a paucity of literature evalu-
ating the outcomes of these con-
versions regarding PROs and their
postoperative complications. Short-
term (minimum 2 years) studies have
been published with conflicting find-
ings, and a systematic review of these
found that although PROs are equiv-
alent to patients without a history of
arthroscopy, there may be a higher
risk of dislocations and infections.20-28

To our knowledge, no previous mid-
term (minimum 5 years) studies have
examined this cohort of patients.
The aim of this studywas to compare

the5-yearPROsandcomplication rates
for patients who underwent hip ar-
throplasty with histories of ipsilateral
hip arthroscopy with those of a match-
ed cohort of primary THA patients.
Our null hypothesis was that the out-
come scores and complication rates
would be similar.

Methods

Participation in the American
Hip Institute Hip Replacement
Registry
Although the present study repre-
sents novel findings, data on some

Table 1

Clavien-Dindo Classification

Classification Grade

Grade I Deviation from the normal postoperative course without the
need for pharmacological treatment or surgical,
endoscopic, and radiological interventions. Treated by
therapeutic regimens: drugs as antiemetics, antipyretics,
analgesics, diuretics, and electrolytes and physiotherapy.

Grade II Requiring pharmacological treatment with drugs other than
such allowed for grade I complications.

Grade III Requiring surgical, endoscopic, or radiological intervention

IIIa Intervention not under general anesthesia

IIIb Intervention under general anesthesia

Grade IV Life-threatening complication

IVa Single organ dysfunction

IVb Multiorgan dysfunction

Grade V Death of a patient
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patients may have been reported in
previous studies by our institution.
All data collection received Institu-
tional Review Board approval.

Study Cohort
Patients who received THA from
senior surgeons (BGD) during the
period of May 2008 to December
2013 were considered for this study.
Based on chart reviews, patients with
histories of previous ipsilateral hip
arthroscopy were included in the
study group. Workers’ compensation
and unwilling patients were excluded.
Patients who were deceased or re-
ceived revision THAs were noted.

Outcome Measures
Patients who received bilateral treat-
ments were evaluated independently
with separate sets of questionnaires.
Patient-reported outcomes, postop-
erative complications, and revision
surgery rates were collected at clinic
visits by encrypted electronic ques-
tionnaires or by telephone. Patients
who received revision THAs before
the recorded 5-year follow-up were
excluded from analysis of PROs.
Complications were graded by the
Clavien-Dindo classification,29 which

has been validated for patients un-
dergoing hip surgery30 (Table 1).

Matching and Statistical
Analysis
The previous arthroscopy (PA) group
was matched in 1:3 manner on the
logit of the propensity score of pa-
tients without histories of ipsilateral
hip arthroscopies, taking into con-
sideration the covariates: age at sur-
gery, sex, bodymass index, laterality,
and surgical approach. A nearest-
neighbor algorithm was used to
match patients, with a caliper set to
0.5.31 Observations beyond the
region of common support were not
included in the analyses. For
hypothesis testing, the Shapiro-Wilk
test assessed normality, followed by
either an F-test or Bartlett test to
check equality of variances. A Stu-
dent t-test or its nonparametric
equivalent was used to compare two
samples. The chi-squared test was
used for categorical variables. Con-
tinuous variables are reported as
means and SDs with 95% confidence
intervals (CIs).
An a priori power analysis indi-

cated that to detect an effect size of 10
points at an alpha of 0.05, power of

0.80, and SD of 15, 24 and 72 pa-
tients were needed in the two groups.

Survivorship Analysis
SurvivorshipwasassessedwithKaplan-
Meier analysis. Two more curves were
created for revision THA for both the
PA andmatched control (MC) cohorts.
The log-rank test was used to com-
pare the survival distributions of the
two samples.Kaplan-Meier curves are
accompanied by 95% exponential
Greenwood CIs.

Surgical Technique
Patients who experienced advanced
osteoarthritis and notable pain that
hindered daily activity were selected
for THAs. All THAs were performed
by the senior author (BGD). Trau-
maCad software (TraumaCAD, Voy-
ant Health) assisted in calculating
offset, measuring leg-length discrep-
ancies, and templating implants. Dur-
ing this study period, the senior author
transitioned from a posterolateral to
an anterior approach as the preferred
surgical approach for THA. All THAs
were performed using a noncemented
cup with polyethylene liner (Trinity;
Corin), noncemented stem (MetaFix;

Table 2

Demographics of Matched Cohorts of Study

Measurement Matched Control Previous Arthroscope P

No. of hips (patients) 89 (87) 34 (33)

Sex—n (%)

Female 54 (61) 21 (62) 0.924

Male 35 (39) 13 (38)

Side—n (%)

Left 39 (44) 18 (53) 0.481

Right 50 (56) 16 (47)

Approach—n (%)

Anterior 26 (29) 10 (29) 0.842

Posterior 63 (71) 24 (71)

Age at surgery (yr) 53.55 6 6.79 (50.96-56.13) 55.69 6 8.16 (53.96-57.42) 0.304

Body mass index (kg/m2) 28.99 6 3.84 (27.53-30.45) 29.26 6 5.46 (28.10-30.42) 0.768

Follow-up time (mo) 72.57 6 11.14 (68.25-76.89) 71.746 13.58 (68.84-74.63) 0.637
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CorinK), and a ceramic head (BIO-
LOX delta; CeramTec).

Rehabilitation Protocol
Patients were recommended home
physical therapy and nursing care
recovery for two weeks after their
respective procedures. Hip precau-
tions were provided for all patients
depending on the surgical approach.
Thesewere advised for at least 6weeks
postoperatively. In addition, for pa-
tients undergoing a posterior THA, an
abduction pillow was recommended
for 6 weeks postoperatively. Outpa-
tient physical therapy lasted an addi-
tional 6 weeks.

Results

Demographics and Outcome
Comparisons
During the study period, 258 THAs
were performed, 43 of which had
previous ipsilateral hip arthroscopy.
There were 14 workers’ compensa-
tion cases excluded, none of which
were cases with previous ipsilateral
arthroscopies. Thirty-six of 43 (83.7%)
patients with previous ipsilateral hip
arthroscopy had a minimum 5-year
follow-up, whereas 165 (82.1%) of
201 THAs without PA had follow-
up. One patient who had PA was
deceased, and five patients without

PA were deceased. Matching was
successfully applied to 34 hips in the
PA group and 89 hips in the PA
group. The patients who were not
matched were outside of the region of
common support and excluded from
the study (Figure 1).
The follow-up times for the PA and

MC groups were not significantly dif-
ferent (72.576 11.14 versus 71.74 6
13.58 months, P = 0.637). Demo-
graphic datawere presented in Table 2.

Previous Arthroscopy
Twenty-eight patients underwent PA
by the senior author (BGD), a sur-
geon with extensive experience in hip
preservation surgery, and six pa-
tients at outside facilities. Previous
arthroscopy surgical reports were
available for 29 PA patients (85.3%).
The indications for arthroscopy were
FAI and labral tears in all patients,
and in five patients, concomitant
greater trochanteric pain syndrome.
For these patients, intraoperative find-
ings and procedures performed during
arthroscopy are reported. The age at
time of arthroscopy of these patients
was 51.176 7.22 years. The reported
prearthroscopy modified Harris Hip
Score (mHHS) was 55.8 6 14.83.
Intraoperative procedures performed
during arthroscopy were presented in
Table 3. Eight patients received
microfracture treatment of cartilage
defects of the acetabular or femoral
head. Four patients received capsu-
lar repairs, whereas 25 had capsular
releases. Five patients were treated
for greater trochanteric pain and
two required iliopsoas lengthening.
The median conversion time from
arthroscopy to arthroplasty was
17.61 6 12.86 months.

Outcomes After Hip
Arthroplasty
The two groups revealed comparable
PROs for all measures (Figure 2 and
Table 4). Both groups reported

Table 3

Intraoperative Findings and Procedures in Previous Arthroscopy Group

Findings n (%)

Seldes tear type

I 10 (34.5)

I&II combined 12 (41.4)

II 7 (24.1)

Acetabular labral articular damage

1 2 (6.9)

2 5 (17.2)

3 9 (31)

4 13 (44.8)

Acetabular outerbridge

0 0 (0)

1 2 (6.9)

2 4 (13.8)

3 10 (34.5)

4 13 (44.8)

Femoral head outerbridge

0 9 (31)

1 1 (3.4)

2 7 (24.1)

3 9 (31)

4 8 (27.6)

Procedures

Capsular repair 4 (27.6)

Capsule release 25 (86.2)

Greater trochanteric pain treatment 5 (17.2)

Iliopsoas fractional lengthening 2 (6.9)

Acetabuloplasty 11 (37.9)

Microfracture 8 (27.6)

THA After Arthroscopy 5-year Outcomes
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similar HHS, visual analog score for
pain, satisfaction, Veterans Rand 12-
item, and Short Form 12-item scores.
In the MC group, one hip required

revision surgery due to infection. In the
PA group, five hips required revision
surgery due to infection (1), instability
(2), leg-length discrepancy (1), and pos-
sible femoral implant loosening (1). The
relative risk (RR) for revision THA in
thePAgroupwas13.088(95%CI,1.59
to 107.99). Figure 3 shows the Kaplan-
Meier curves for the two cohorts. The
log-rank test indicated a significant
difference between the curves (P =
0.0019). The time to revision in the PA
cohort was 35.54 6 19.47 months.

Complications were graded by the
Clavien-Dindo classification. Besides
the abovementioned complications
leading to revisions, there were five
additional complications in the MC
group (grade I [mild] = 5) and five in
the PA group (grade I [mild] = 5).
The complications in the PA group
consisted of thigh numbness (3),
bladder infection (1), and leg-length
discrepancy (1). In the MC group,
the complications included intra-
operative greater trochanter frac-
ture treated with fixation (1), thigh
numbness (2), iliopsoas impingement
(1), and leg-length discrepancy (1). The
RR for complications in the PA group

was comparable with RR = 2.617
(95% CI, 0.808 to 8.476).

Analysis of Arthroplasty
Approach
Both PA and MC patients were grou-
ped by surgical approach, either direct
anterior or posterior, and compared.
TheHHS,Forgotten Joint Score, visual
analog score for pain, and satisfaction
are shown in Figure 4, A–C. Notable
differences were not found between
the groups. Among the six revision
THAs performed, only two from the
PA group were anterior approach.
The rest were posterior approaches.

Figure 1

Flow chart showing patient inclusion and exclusion in the study.
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Discussion

To our knowledge, this study presents
the first published series of PROs in
patients with a minimum of 5-year

follow-up after arthroplasty after pre-

vious ipsilateral hip arthroscopy. This
study foundcomparablePROsbetween
the PA and MC groups. Although
complication rates were not markedly

different, the revision THA rates were
markedly higher in the PA group.

Previous short-term follow-up studies

have examined the influence of previ-
ous hip arthroscopy on the outcomes of

Table 4

Patient-reported Outcomes of PA Group Versus MC Group at Minimum 5-year Postoperative

Variable PA MC P

HHS 90.79 6 10.80 (86.60-94.97) 88.446 14.20 (85.41-91.46) 0.559

FJS 83.32 6 17.47 (76.55-90.09) 76.916 26.38 (71.28-82.53) 0.145

VAS 15.366 19.15 (7.93-22.78) 11.72 6 21.31 (7.18-16.27) 0.155

Satisfaction 91.43 6 13.25 (86.29-96.57) 87.476 23.04 (82.56-92.38) 0.264

VR-12 mental 59.936 9.28 (56.33-63.53) 58.66 6 8.34 (56.88-60.43) 0.301

VR-12 physical 49.436 6.87 (46.76-52.09) 49.02 6 9.73 (46.95-51.10) 0.808

SF-12 mental 57.256 5.49 (55.12-59.38) 54.67 6 8.20 (52.92-56.41) 0.062

SF-12 physical 48.756 7.39 (45.88-51.62) 47.516 10.25 (45.32-49.69) 0.487

FJS = Forgotten Joint Score, HHS = Harris hip score, MC = matched control, PA = previous arthroscopy, SF-12 = Short Form 12-item Health Survey,
VAS = visual analog score for pain, VR-12 = Veterans Rand 12-item Health Survey
All values are presented as means and SDs with 95% confidence intervals in brackets.

Figure 2

Box-and-whisker plots of outcome scores at the minimum 5-year follow-up. The horizontal line within the box indicates the
mean. Boundaries of the box indicate the first and third quartiles, and the whiskers are set to 1.5 time the inter-quartile range.
The notch indicates the 95% confidence interval around the mean.38 FJS = Forgotten Joint Score, HHS = Harris hip score,
SF-12 = short form 12-item health survey, VAS = visual analog pain score, VR-12 = Veterans rand 12-item health survey
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subsequent THA and have reported
conflicting results. Zingg et al25 pub-
lished the first series of 18 matched
patients and found no difference in 1-
year WOMAC scores or complica-
tion rates. Spencer-Gardner et al24

conducted a matched study of 24 PA
hips and found no notable differences
in the HHS scores at 2 years. Parker
et al21 compared a cohort of 35 PA to a
matched group and also found no
differences in PROs at two years in
addition to range of motion, compli-
cations, or survivorship. Charles et al22

also found no differences in intra-
operative and immediate postoperative
measures. Finally, Haughom et al26

performed a matched study on 42 hips
and found no significant difference in
absolute postoperative HHS. How-
ever, their control group did have a
markedly larger improvement com-
pared with preoperative HHS.
On the other hand, other authors

have found inferior results in the
short-term. Konopka et al20 pub-
lished 2-year outcomes in 64 pa-
tients, which is the largest series
of patients to date. They reported
lower outcome scores and lower
satisfaction in the PA cohort. Perets
et al23 reported similar findings in a
matched study with 35 PA patients.
The authors reported lower postop-
erative HHS and Forgotten Joint
Score relative to that of the matched
group and higher complication and
revision rates. Aside from PROs,
Ryan et al32 showed higher costs for
patients undergoing conversion from
arthroscopy to THA as opposed to
patients undergoing primary THA.
The possibility for higher complica-
tion rates, lower functional outcome
scores, and added financial cost
should all be taken into consider-
ation in preoperative evaluation of a
middle-aged patient before hip
arthroscopy.
The most important finding of our

study was the markedly higher revi-
sion rates in patients with a history of
hip arthroscopy. Of the five patients

undergoing revision THA, two pa-
tients underwent a revision because
of instability, one patient because of
residual pain and possible femoral
implant loosening, one patient due
to leg-length discrepancy, and one
patient because of infection. Although
the short-term studies did not find
higher revision THA rates, in this
study, all but one of the revisions
occurred after the 2-year timeframe.
Possible reasons for the higher rate of
revision could be due to joint insta-
bility after compromise of the capsule
and soft-tissue scarring, which may
lead to persistent pain. In addition,
overresection of the acetabulum in the
treatment of pincer lesions may cause
relative bony insufficiency, thereby
compromising cup fixation. Finally,
we must entertain the possibility of
increased infection risk in someone
with previous surgery.
Arthroscopy surgical reports and

data were available for 29 patients in
the PA group. Of this group, 25 pa-

tients had undergone capsular re-
leases compared with four who had
undergone repairs. Previous studies
have shown higher rates of joint
instability after capsular release.33-35

This fact may contribute to the
higher rate of revisions in the PA
group because two of the revisions
occurred due to instability and one
for aseptic loosening, which may
have occurred due to weakening of
the stabilizing structures around the
joint.
Werner et al36 in a national registry

study found higher infection rates in
patients undergoing knee arthroplasty
within 6months of arthroscopy. In the
present study, one revision THA was
due to infection. This patient under-
went the primary THA 21 months
following hip arthroscopy.
To determine whether the THA

approach could lead to divergent out-
comes, patients were grouped by
approach and compared within and
between groups. In theory, each

Figure 3

Chart showing the Kaplan-Meier curves of revision arthroplasties within the
previous arthroscopy and matched control groups. The curve is accompanied by
95% confidence intervals.
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approach has advantages and dis-
advantages in cases of previous ipsi-
lateral surgeries. An anterior approach
enters the joint through previously
scarred soft tissue, which may lead to
higher rates of infection and nerve
damage. On the other hand, a poste-
rior approach may damage the poste-
rior capsule, rendering the joint
susceptible to instability, both anteri-
orly and posteriorly. This is especially
pertinent in cases in which the anterior
capsule was released and not repaired
during the initial surgery.Despite these
potential concerns, we found no dif-
ferences in the outcomes or rates of
complicationsbetween the twogroups.
It is important to note that this study

was designed to primarily compare
PROs. As such, a larger study may
produce more conclusive findings
regarding complication and revisions
rates. In general, it is crucial to perform
hip arthroscopy in a manner that will
not cause tissue damage or incur tissue
loss that complicates future surgical
procedures. Recent improvements in
hip arthroscopy have been made
to minimize these risks. Some of the
most important evolutions have been
in preoperative evaluation with the
introduction of imaging modalities
such as delayed gadolinium-enhanced
magnetic resonance imaging of carti-
lage,whichprovided formoreaccurate
patient selection and reduced the need
for early conversions to THA. On the
side of surgical management, FAI
treatment has shifted to emphasize
more femoral side treatment. Specifi-
cally, the development of the spherical
femoroplasty techniques37 has sought
to reduce the need for acetabular
resection. Soft-tissue preservation,
including labral reconstructions, and
more importantly for this study, cap-
sular preservation, and repair have
improved outcomes and joint stability.
The cases included in this study
underwent hip arthroscopy during
years when the development of these
principals was taking place, which is
reflected in the capsular management

Figure 4

Boxplots of outcome scores by surgical approach and study group. A, Outcome
scores between approaches of previous arthroscopy patients, (B) outcome scores
between the groups of posterior approach patients, and (C) outcome scores
between the groups of anterior approach patients. FJS = Forgotten Joint Score,
HHS = Harris hip score, VAS, visual analog pain score

THA After Arthroscopy 5-year Outcomes
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in this cohort where nearly 90% of
patients underwent releases.
The strengths of this study include

the high mid-term follow-up rates at
fiveyears. In addition, thiswasa single-
center study inwhich the senior author
performed all the arthroplasties and
many of the arthroscopies, thereby
reducing performance bias. The com-
pleteness of data including surgical re-
ports from both procedures and
multiple PROs contribute to the ability
to reach notable conclusions.
There are limitations to this study.

First, an a priori power analysis was
performed to assess the differences in
PROs, but not for complication and
revision rates. The size of the cohort
limits the strength of the conclusions
regarding complications and revisions
and warrants larger studies including
registry-based studies. Furthermore,
the size of the PA cohort precludes the
undertaking of a regression analysis to
evaluate the effect of specific proce-
dures performed during the index
arthroscopy on the risk of THA com-
plications and revisions. Second, a
study centered on PROs is susceptible
to subject recall bias. Third, although
propensity score matching does con-
trol for confounding factors, it is
inherently limited by the data recorded
in the registry. Fourth, although we
attempted to perform a subgroup
analysis by surgical approach, divid-
ing the groups into smaller subsets
may leave the results underpowered.
Finally, a single-center study limits
generalizability of the conclusions.

Conclusion

This study reports on the 5-year out-
comes of hip arthroplasty after previ-
ous ipsilateral hip arthroscopy. The
results of this study show PROs at
a minimum 5-year follow-up after
THA for patients with a history of hip
arthroscopy who are comparable
with aMCgroup. There is, however, a
concern for higher rates of complica-

tions and revision surgery in the PA
group.
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