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a b s t r a c t

Background: Nonoperative and operative management of iliopsoas impingement (IPI) is commonly
performed following total hip arthroplasty (THA). The purpose of this systematic review is to compare
patient-reported outcomes (PROs) following conservative treatment, iliopsoas (IP) tenotomy, and revi-
sion arthroplasty in patients presenting with IPI after THA.
Methods: The PubMed and Embase databases were searched for articles regarding IPI following THA.
Studies were included if (1) IPI after THA was treated with conservative management, an IP tenotomy, or
acetabular component revision and (2) included PROs.
Results: Eleven articles were selected for review and there were 280 hips treated for IPI following THA.
Harris Hip Scores reported for the conservative group, the IP tenotomy group, and the cup revision group
were 59.0 preoperatively to 77.8, 58.0 preoperatively to 85.4, and 58.1 preoperatively to 82.4 at latest
follow-up, respectively. The IP tenotomy cohort also demonstrated superior postoperative functional
outcomes using the Western Ontario and McMaster Universities Index, Medical Research Council score,
Oxford Hip Score, and Merle d'Aubign�e-Postel Pain Score. Patients who had a revision exhibited higher
Oxford Hip Scores, higher Medical Research Council scores, and lower Visual Analog Scale Pain scores
postoperatively.
Conclusion: Management of IPI following THA includes nonoperative measures, IP tenotomy, or
acetabular component revision. Patients have been shown to experience favorable PROs at latest follow-
up, with an apparent advantage for surgical treatment. Compared to revision arthroplasty, IP tenotomy
resulted in a lower overall rate of complications with less severe complication types. Therefore, IP
tenotomy should be considered as a second line of treatment for patients who failed conservative
measures. Revision arthroplasty should be reserved for recalcitrant cases.
Level of Evidence: IV.

© 2019 Elsevier Inc. All rights reserved.
Total hip arthroplasty (THA) is a commonly performed and
highly successful procedure for alleviating hip pain and improving
quality of life for patients with degenerative joint disease of the hip
[1e3]. However, this gold standard procedure is not without
closed potential or pertinent
ent, either direct or indirect,
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limitations. When a patient presents with postoperative pain after
hip arthroplasty, it is best to follow a structured algorithm to
determine an underlying etiology. As described by Brown et al, the
“four I’s” encompass potential causes of postoperative pain
following joint arthroplasty [2e4]. The four I’s stand for wrong
indication, postoperative infection, instability, and soft tissue
impingement. Iliopsoas impingement (IPI), a subcategory of soft
tissue impingement (the fourth I), has been found to affect up to
4.3% of patients who undergo THA [5e7].

Several etiologies have been identified as causing mechanical
irritation to the iliopsoas (IP) in patients who underwent THA,
including a protruding screw, cement extrusion, or malposition of
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Table 1
MINORS Score and Level of Evidence (LOE).

Study (First Author, Year) MINORS Score LOE

Batailler et al [18], 2017 15 IV
Chalmers et al [19], 2017 14 III
Di Benedetto et al [20], 2019 12 IV
Dora et al [10], 2007 12 IV
Filanti et al [21], 2016 12 IV
Gedouin and Huten [22], 2012 9 IV
Guicherd et al [23], 2017 14 IV
Nunley et al [24], 2010 14 IV
O’Sullivan et al [12], 2007 13 IV
Schoof et al [25], 2017 9 IV
Van Riet et al [26], 2011 11 IV
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the acetabular component [6,8e11]. Clinical findings of IPI include
groin pain, aggravated by active hip flexion or passive extension
[8,12]. At times, IPI may manifest as significant IP bursitis, palpable
at the level of the inguinal ligament [6]. Conservative treatment
includes rest, analgesics, nonsteroidal anti-inflammatory drugs,
and physical therapy. In addition, injections of a local anesthetic
and corticosteroid into the IP tendon sheath may serve as both a
diagnostic and a therapeutic tool [13]. Patients who are refractory
to conservative treatment may proceed to surgical treatment which
includes IP tenotomy and acetabular component revision,
depending on whether a mechanical abnormality causing the IPI
was identified or not [14]. Literature supports a relationship be-
tween large femoral heads and dual-mobility cups with IPI
following THA [15]. With the rise in use of dual-mobility implants,
we suspect there will be an increase in the incidence of IPI
following THA. There is limited literature regarding outcomes of IPI
following THA, and to our knowledge, this is the first systematic
review to compare outcomes of conservative treatment, IP tenot-
omy, and acetabular component revision in patients presenting
with IPI after THA. The purpose of our study is to analyze the
respective patient-reported outcomes (PROs) to refine the
decision-making process of treating IPI following THA.
Methods

Search Strategy

The PubMed and Embase databases were searched for articles
regarding IPI following primary or revision arthroplasty (THA) in
Fig. 1. PRISMA Flow Diagram. PRISMA, Preferred Reporti
March 2019. The search was conducted according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
analyses) guidelines [16]. The following search algorithm was
used: ((((“Arthroplasty”[Mesh]) OR “Arthroplasty, Replacement,
Hip”[Mesh]) OR “Arthroplasty, Replacement”[Mesh])) AND
iliopsoas.

Two reviewers (J.S., P.J.R.) independently reviewed the titles and
abstracts to select relevant articles. Both reviewers then deter-
mined eligibility by reviewing the full text, and if any disagree-
ments were met, a third reviewer (x.x.x.) helped reach consensus.
The bibliographies of these articles were also reviewed for relevant
studies. Studies were included if (1) IPI after THA was treated with
conservative management, IP tenotomy, or acetabular component
revision and (2) included analysis of PROs. Studies were excluded if
their reported outcomes did not differentiate between patients
ng Items for Systematic Reviews and Meta-analyses.
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who underwent IP tenotomy and patients who underwent revision
after THA. In addition, case reports, reviews, imaging studies,
cadaveric studies, and studies not published in the English lan-
guage were excluded from our analysis.

Selected studies were reviewed for patient demographics, mean
follow-up time, surgical treatment, PROs, and complication rates.
Preoperative physical examination findings and preoperative
radiographic measurements were also noted.
Quality Assessment

Three authors (J.S., P.J.R., A.C.L.) independently assigned scores
to the chosen studies based on the validated Methodological Index
for Non-randomized Studies criteria [17]. This scoring system
included an assessment of the purpose of the study, the end points
in the study, its follow-up percentages, and the nature of its data
collection [17]. A consensus was reached on any differences in
scoring and level of evidence. A full-text review of all articles that
met the inclusion criteria was performed to determine age, follow-
up period, time to revision, number of hips undergoing conserva-
tive treatment, IP tenotomy, and revision arthroplasty surgery.
Preoperative PROs, if present, and postoperative PROs were noted.
Most included studies were, by design, nonrandomized case series
Fig. 2. (A) Average patient-reported outcome (PRO) improvement. HHS, Harris Hip Score; O
scale.
without a control group. Of the 11 selected studies, the average
Methodological Index for Non-randomized Studies score was 12.3
(Table 1).
Statistical Analysis

Postoperative PROs were summarized and presented in our
analysis. Specifically, for studies which used the same post-
operative PROs, weighted averages for each of the 3 treatment
groups were calculated using Microsoft Excel (Microsoft, Redmond,
WA). These average PROs were weighted by the number of hips
included in each analysis. Additionally, the proportion of patients
who achieved the literature values for the minimal clinically
important difference (MCID) and patient acceptable symptomatic
state (PASS) for Harris Hip Score (HHS; the most commonly re-
ported PRO) was reported [27]. For this analysis, we used the
threshold values for the modified Harris Hip Score (mHHS), as
literature states that there is no statistically significant or clinically
meaningful difference between HHS and mHHS [28].

To compare the effect size of the interventions (conservative,
tenotomy, and revision), the standardized mean difference (SMD)
was calculated in the method described by Griffin et al [29] if pre-
operative, postoperative, and variance data were available. The
HS, Oxford Hip Score. (B) PRO improvement. VAS, Visual Analog Pain Scale on a 0-10



Fig. 3. Comparison of standardized mean difference (SMD) comparing the conservative, revision, and tenotomy groups. Effect size is displayed on the x-axis and the outcome
(study) is displayed on the y-axis. The 95% confidence interval (CI) for the SMD is also shown. HHS, Harris Hip Score; HOOS, Hip disability and Osteoarthritis Outcome Score; MRC,
Medical Research Council; OHS, Oxford Hip Score; PMA, Merle d'Aubign�e-Postel Pain Score; VAS, Visual Analog Scale for Pain. WOMAC, Western Ontario and McMaster Universities
Index.
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standard errorof theSMDwas calculatedas explainedbyKelley [30],
and the95%confidence interval of theSMDwasgeneratedwith SMD
± 1.96�� standard error. The effect sizeswere interpreted using the
literature values of SMD: weak, SMD between 0.2 and 0.49; mod-
erate, SMD between 0.5 and 0.79; and large, SMD � 0.8 [31].

Results

A comprehensive literature search identified 108 unique articles
from the PubMed and Embase databases (Fig. 1). We selected 15
articles for full-text review after a preliminary title and abstract
review. There were 2 studies that did not report PROs, 1 technical
paper, and 1 study that did not report PROs for each treatment
group. After the preliminary full-text review, 11 articles, with a
collective study period of February 1992 to March 2018, were
selected for our analysis [10,12,18e26].

All patients in our selected studies experienced symptomatic IPI.
Among the studies that included patients with differing treatment
for IPI, the treatment algorithms were as follows: for patients in
debilitating pain, revisions were performed if the cup overhangwas
>8 mm, releases were performed if the cup overhang was <8 mm
[19]; or the decision of revision or release was based on age, health
Table 2
PROs Among Conservative Treatment Group.

Study
(First Author, Year)

Number
of Hips

Sex Mean Age
(Range; y)

Mean Follow
(Range; mo)

Chalmers et al
[19], 2017

20 7 M and 13 F 69 50 (12-144

Dora et al
[10], 2007

7a 3 M and 5 F 57 (37-78) 41 (24-65)

Nunley et al
[24], 2010

27b 12 M and 15 F 59.7 (31-84) 44.6 (25-68)

F, female; HHS, Harris Hip Score; M, male; NR, not reported; PROs, patient-reported out
a One patient lost to follow-up.
b Six patients underwent further surgery (2 tenotomy, 4 acetabular revision).
status, and anticipated loss of bone during a potential revision [10];
or the decision of revision or release was based on the positioning
of the acetabular component [24].

In 9 of the selected articles, physical examinations corroborated
the clinician’s diagnosis of IPI [10,12,18,20,21,23e26]. Common
findings among patients with IPI were groin pain, painwith resisted
hip flexion, and difficulty with mounting the examination table
[10,12,18,20,21,23e26]. Among the most common physical exami-
nationmaneuvers, straight leg raise reproducedweakness and pain
most frequently in patients with IPI [10,12,20,23e26]. All studies
used radiographic data, X-rays or computed tomography (CT) scans,
to evaluate inclination, anteversion, and anterior cup prominence
[10,12,18e26]. The views used in our selected articles were ante-
roposterior [10,12,18,19,21e26], false profile [18,22,23], lateral
[10,12,19e21,24,25], and Dunn [26]. Four studies [18,23e25] re-
ported mean preoperative acetabular inclinations of 44.9� (24�-
67�), 50� (29�-75�), 50.1� (38�-58�), and 44.8� (35�-60�). Using CT
scans of the pelvis or Lequesne radiographs, 4 studies [10,18,19,24]
reported acetabular component anterior prominence of 5.8 mm (2-
10), 8 mm (2-18), 2 mm (�6 to 9), and 9.9 mm ± 4.5 (2-22). Three
studies reported anteversion values of 8� ± 9� (�10� to 35�) [18],
20.1� ± 10.3� [24], and 17.6� (0�-38�) [23].
-Up Mean Number
of Injections

PRO Mean Scores

Pretreatment Posttreatment

) 1.4 HHS d 79

NR HHS 57 (50-68) 58 (42-68)

1.33 HHS, VAS Pain 61, 6.4 (3-10) 82, 2.9 (0-8)

comes; VAS, Visual Analog Scale for Pain.



Table 3
PROs Among Tenotomy Treatment Group.

Study
(First Author, Year)

Number
of Hips

Sex Mean Age
(Range; y)

Mean Follow-Up
(Range; mo)

PRO Mean Scores

Preoperative Postoperative

Chalmers et al
[19], 2017

8 NR 62b 42 (24-96)b HHS 53 86

Di Benedetto et al
[20], 2019

13 9 M and 4 F 65 (47-82) 10 (3-12) HHS
MRC
VAS

66.8 (48.9-81.8)
3.6 (3-4)
3.6 (2-6)

85 (80-95)
4.7 (3-5)
1 (0-3)

Dora et al
[10], 2007

6 3 M and 3 F 73 (67-81) 36 (24-50) HHS 59 (56-67) 73 (67-89)

Filanti et al
[21], 2016

7 NR 57 (29-77) 24 HHS MRC 46.4 ± 8.7 (32-56)
3 ± 0.8 (2-4)

83.3 ±10.3 (61-91)
4.7 ± 0.8 (3-5)

Gedouin et al
[22], 2012

10 5 M and 5 F 58 (45-80) 20 (12-60) PMAWOMAC 3.1 (11-15)
34 (24-46)

16.9 (15-18)
84 (60-95)

Guicherd et al
[23], 2017

64 24 M and 40 F 56.3 (33-78) 8 OHS 21.8 40

O’Sullivan et al
[12], 2007

16 4M and 11 Fa 55.5 (33-75) 36.4 (5-63) HHS 58 (44-70) 91 (78-95)

Van Riet et al
[26], 2011

9 NR 51 (24-81) 11 (4-20) HOOS MRC 41 ± 20.7 (11-53)
2.6 ± 0.5 (2-3)

58 ± 22.4 (32.5-100)
5.0

F, female; HHS, Harris Hip Score; HOOS, Hip disability and Osteoarthritis Outcome Score; M, male; MRC, Medical Research Council; NR, not reported; OHS, Oxford Hip Score;
PROs, patient-reported outcomes; PMA: Merle d'Aubign�e-Postel Pain Score; VAS, Visual Analog Scale for Pain; WOMAC, Western Ontario and McMaster Universities Index.

a One female presented with bilateral iliopsoas tenotomy.
b Mean age and mean follow-up not separated among revision and tenotomy groups.
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Eleven studies reported PROs for a conservative treatment
group, an IP tenotomy group, and/or a revision group. One study
reported on a conservative cohort only [24], 6 studies reported on
an IP tenotomy group only [12,20e23,26], 2 studies reported on a
revision cohort only [18,25], and 2 studies reported on all 3 groups
[10,19].

Therewere 280 hips treated for IPI following THA [10,12,18e26].
The conservative group [10,19,24] was composed of 54 patients
who did not undergo surgical treatment for their symptomatic
postoperative IPI and, instead, were treated with local injections
and physical therapy [10,19,24]. The second groupwas composed of
133 patients who underwent IP tendon tenotomy [10,12,19e23,26],
either arthroscopic or endoscopic or via open approach. The third
group consisted of 93 patients who underwent a formal revision
arthroplasty procedure that involved exchanging the acetabular
component [10,19,25].

For all patients included in this systematic review, the mean age
in years of the conservative, tenotomy, and revision treatment
groups was 63, 58, and 65, respectively. Mean follow-up times were
46 months, 17 months, and 33 months for the conservative,
tenotomy, and revision treatment groups, respectively. Seven
studies used the HHS [10,12,19e21,24,25], 3 studies reported pain
scores [22,24,25], 1 study reported the Western Ontario and
Table 4
PROs Among Revision Treatment Group.

Study
(First Author, Year)

Number
of Hips

Sex Mean Age
(SD, Range; y)

Mean Follow-Up
(Range; mo)

Batailler et al
[18], 2017

46 13 M and 33 F 66 ±12 (44-85) 21 (6-72)

Chalmers et al
[19], 2017

21c NR 62b 42 (24-96)b

Dora et al
[10], 2007

14 6 M and 10 F 62 (29-82) 40 (24-65)

Schoof et al
[25], 2017

12 7 M and 5 F 63.5 (44-71) 54 (20-130)

HHS, Harris Hip Score; MRC, Medical Research Council; NR, not reported; OHS, Oxford Hip
Scale for Pain.

a Eleven hips lost to follow-up.
b Mean age and mean follow-up not separated among revision and tenotomy groups.
c Three hips underwent simultaneous iliopsoas tenotomy.
McMaster Universities Index [22], 2 studies reported the Oxford
Hip Score (OHS) [18,23], 1 study reported the Hip disability and
Osteoarthritis Outcome Score (HOOS) [26], and 4 studies reported
the Medical Research Council (MRC) score [18,20,21,26].

Of the studies reporting preoperative and postoperative PROs for
patients with IPI after hip arthroplasty, nearly all patients demon-
strated improvement after conservative treatment, IP tenotomy, or
revision (Fig. 2A and 2B). For the conservative group, there was a
weak effect sizewith regard toHHS and large effect sizewith respect
to Visual Analog Scale (VAS; Fig. 3) [10,24]. There was a large effect
size (SMD� 0.8) in all tenotomy and revision groupswith respect to
all PROs [10,12,18,20e22,25,26]. The HHS reported for the conser-
vative group, the IP tenotomy group, and the cup revision group
were 59.0 preoperatively to 77.8 (delta: 18.8) [10,19,24], 58.0 pre-
operatively to 85.4 (delta: 27.4) [10,12,19e21], and 58.1 preopera-
tively to 82.4 (delta: 24.3) [10,19,25] at latest follow-up, respectively
(Tables 2-5). Five studies on IP tenotomy reported superior post-
operative functional outcomes using theWOMAC index, MRC, OHS,
and Merle d'Aubign�e-Postel Pain Score [20e23,26]. Additionally,
patients who had a revision exhibited higher OHS, higher MRC, and
lower VAS scores postoperatively [18,25].

Two studies compared PROs between conservative, tenotomy,
and revision groups [10,19]. Chalmers et al [19] found that the
Mean Time to Revision
(Range; mo)

PRO Mean Score

Preoperative Postoperative

34 (5-204) OHS MRC 19 ± 7 (7-35)
3.6 (2-5)

43 ± 6 (25-48)
4.6a (3-5)

HHS 58 79

HHS 60 (48-85) 82 (55-95)

38.3 (9-71) HHS VAS Pain 56 ± 7.7 (46-72)
5.8 ± 1.3 (4-8)

89 ± 4.7 (78-96)
1.6 ± 1.3 (0-4)

Score; PROs, patient-reported outcomes; SD, standard deviation; VAS, Visual Analog



Table 5
Mean PROs in All Groups.

Treatment Type Number of Hips Mean Age, y PRO Mean
Scores

Pre Post

Conservative
54 63.9 HHS 59.0 77.8
27 59.7 VAS Pain 6.4 2.9

Tenotomy
50 50.1 HHS 58.0 85.4
64 56.3 OHS 21.8 41
29 58.2 MRC 3.1 4.8
10 58 PMA 3.1 16.9
10 58 WOMAC 34 84
10 58 Pain scorea 3.3 5.5
10 65 VAS Pain 3.6 1
9 51 HOOS 41 58

Revision
47 62.7b HHS 58.1 82.4
46 66 OHS 19 43
46 66 MRC 3.6 4.6c

12 63.5 VAS Pain 5.8 1.6

HHS, Harris Hip Score; HOOS, Hip disability and Osteoarthritis Outcome Score; MRC,
Medical Research Council; OHS, Oxford Hip Score; PROs, patient-reported out-
comes; PMA, Merle d'Aubign�e-Postel Pain Score; VAS, Visual Analog Scale for Pain;
WOMAC, Western Ontario and McMaster Universities Index.

a Pain score following Postel et al, 1990.
b Mean age reported for only 26 patients.
c Eleven hips lost to follow-up.
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tenotomy group experienced the greatest magnitude of improve-
ment in HHS. On the contrary, Dora et al [10] reported the greatest
magnitude of improvement in HHS in the cup revision group of 14
patients. Due to a large standard deviation in PROs in the revision
cohort, the SMD of the revision group was greater than that of the
tenotomy group in the study by Dora et al (Fig. 3) [10].

Four studies [10,12,19,24] noted patients who underwent
further treatment following either conservative management or IP
tenotomy. Across the 3 studies, 7 of 54 (13.0%) patients failed to
improve with conservative measures, 2 of whom underwent IP
tenotomy and 5 who underwent acetabular component revision
[10,19,24]. Two patients initially treated with IP tenotomy later
underwent acetabular component revision [12,19]. In the tenotomy
group, there were 5 (3.76%) complications, and in the revision
group, there were 18 (19.4%) complications. The specific compli-
cations listed in each patient population are provided in Table 6.

Discussion

IPI after THA can be a complication that negatively affects the
postoperative course. This studyaimed at comparing outcomes of the
primary treatment options available for postoperative IPI. We
reviewed 11 studies that discussed PROs for 3 treatment groups: a
Table 6
Complications.

Treatment Complications

Release One patient with 13-mm acetabular prominence had continued
groin pain and subsequently underwent component revision [19]
One patient had heterotrophic ossification [10]
One anterior dislocation and 1 compressive hematoma affecting
peroneal nerve (3.2% complication rate) [23]
One periprosthetic ossification [21]

Revision Four had recurrent groin pain; 1 DVT, 1 dislocation, 1 deep infection,
2 patients required further revision surgery (6.5% complication rate)
[18]
Trochanteric nonunion (1), anterior dislocation (1), superficial
wound infection (1), trochanteric bursitis (5), disarticulation (1) [10]

DVT, deep vein thrombosis (number of cases).
conservative group, IP tenotomy group, and acetabular component
revision group. In addition, we reported the common clinical and
radiographic findings encountered in this patient population.
Regarding PROs, all 3 treatment groups demonstrated improvement;
however, the surgical treatment groups showed greater overall
improvement compared to the conservative treatment group.

The diagnosis of the post-THA IPI is based on both physical
examination and imaging findings. Jasani et al [8] examined
patients with groin pain after THA, which was aggravated by
active and resisted flexion and active external rotation of the
ipsilateral hip. As part of the workup, CT scans were used to
demonstrate impingement on the deep surface of the psoas
muscle by cement or prominent flanges of the acetabular
implant. Diagnosis was confirmed by resolution of symptoms
following injection of a glucocorticoid and local anesthetic
mixture into the psoas muscle under image intensifier. Similarly,
in this systematic review, the most common clinical findings for
patients having IPI after THA were increased pain with active hip
flexion or resisted straight leg raise (Stinchfield test)
[10,12,18e21,23e26]. In 8 of the reviewed articles, injection of
combined glucocorticoids and analgesics was infiltrated peri-
tendinously to verify the diagnosis [10,12,18,19,21,23e25].

Mechanical impingement of the acetabular component on the IP
tendon can be directly evaluated with radiographic analysis. Cur-
rent literature shows a relationship between IPI and cup promi-
nence, the difference between the size of the femoral head and the
acetabular component, and the difference between the version of
the acetabulum and the acetabular component. In their study,
Cyteval et al [32] aimed at describing the radiographic and CT scan
features of IPI on the acetabular component in patients who un-
derwent THA. All patients with IPI had an acetabular cup overhang
of more than 12 mm, whereas patients without IPI had a cup
overhang of less than 8 mm. The authors therefore concluded
greater than 12 mm overhang of the acetabular cup is a sensitive
and specific parameter for diagnosing IPI. Another study conducted
by Odri et al [33] examined the size difference between the native
femoral head and the implanted cup. Patients who experienced
postoperative pain, diagnosed with IPI, following THA had a
significantly greater size difference (P <.001) between the native
femoral head and the implanted cup, compared to patients who
underwent THA and did not have IPI. The authors concluded that a
size difference of 6 mm between the native femoral head and the
implanted cup resulted in significantly higher rates of post-
operative IPI. Specifically, patients with a head-to-acetabular
component size difference of �6 mm were 14.4 times more likely
to have persistent postoperative pain and 26 times more likely to
experience anterior IPI [33]. In a similarly designed study, Park et al
[34] found that the difference in anteversion between the native
acetabulum and acetabular component, rather than the magnitude
of postoperative cup version, was a significant risk factor in
developing postoperative IPI.

All of the reviewed articles in this analysis used radiographic
data from X-rays or CT scans to investigate cup prominence and
inclination in patients with IPI after THA. The normal values for
inclination and anteversion referenced from the literature are be-
tween 35� and 50� and between 5� and 25�, respectively [35]. Of
the studies that reported acetabular component inclination and
anteversion, the majority of patients in all treatment groups, on
average, exhibited normal values for both measures [18,23e25].
The weighted mean acetabular component prominence was 7.1
mm for patients among the conservative, tenotomy, and revision
cohorts [10,18,19,24]. Because cup prominence was reported for the
entire cohort in the selected studies, it could not be differentiated
among the 3 treatment groups. While cup prominence may be
related to IPI, when analyzing cup geometric positioning, the



Fig. 4. Percent of patients on average who achieved minimal clinically important difference (MCID) and patient acceptable symptomatic state (PASS) for Harris Hip Score (HHS) at
latest follow-up in the conservative, tenotomy, and revision cohorts.
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literature does not routinely include cup prominence as a measure
for correct positioning. However, prominence of the cup against the
acetabular rim may deserve increased attention when performing
THA, in order to avoid the necessity of revision arthroplasty,
thereby preserving pelvic bone stock. In addition, a less-invasive
procedure such as IP tenotomy seems to address the symptoms of
IPI in the setting of cup prominence.

Our aim in this study is to assess the difference in the PROs for 3
treatmentgroups. In contrast, ina systematic reviewbyO’Connell et al
[36], the authors aimed at comparing the outcomes following
arthroscopic and open surgical treatment for IPI following THA. In
their study, however, successful outcome was defined as complete
pain relief or lack of significant residual pain at final follow-up. Pa-
tients who had acetabular component overhang demonstrated pain
relief in75%of thepatientswhounderwentopen tenotomycompared
to 93% of the patients who underwent arthroscopic tenotomy. They
concluded that IP release is aneffectiveprocedure to relievepain from
IPI following THA, even in the presence of acetabular component
malpositioning. In addition, with respect to complication rate,
O’Connell et al [36] found no postoperative complications in the
arthroscopic tenotomygroupvs a 33.3% complication rate in theopen
tenotomy group including heterotopic ossification and trochanteric
bursitis. In our systematic review, outcomes of patients undergoing IP
tenotomy were compared to patients treated with conservative
treatment alone or acetabular component revision. On average, all 3
treatment groups demonstrated improvements which surpassed the
literature values for the MCID and PASS for HHS [27]. Of the 54 pa-
tients who underwent conservativemanagement of IPI and hadHHS,
47 (87%) showed improvements in HHS that surpassed MCID and
[19,24] PASS for HHS. Of the 50 patients [10,12,19e21] who had re-
ported HHS outcomes following IP tenotomy, 50 (100%) achieved
MCID and 44 (88%) [12,19e21] achieved PASS following IP tenotomy.
In the 3 studies that reported on PROs using the HHS following
acetabular component revision, all patients (47/47) on average ach-
ieved MCID and PASS [10,19,25].

During evaluation of complications in our study, the acetabular
component revision group noted an overall higher rate (19.4% vs
3.76%) as well as more severe complications compared to the
tenotomy group (Table 6). In summary, both the cup revision group
and the IP tenotomy group demonstrated favorable and compara-
ble improvement in PROs. There was a larger calculated effect size
for the tenotomy group (Fig. 3), while a greater proportion of the
cup revision group surpassed the literature values for MCID and
PASS for HHS (Fig. 4). Given the higher rate and more severe nature
of the complications registered for the cup revision group and the
evidence that patients improve following IP tenotomy even in the
presence of cup malposition [36], IP tenotomy may be more suit-
able as a second line of treatment. Acetabular component revision
should likely be reserved for refractory cases.

Strengths

To our knowledge, this is the first systematic review which
compares 3 principal treatment groups for IP impingement in pa-
tients who underwent THA. Second, in order to provide clinical
context of the mean PROs, we calculated the proportion of patients
who achieved MCID and the PASS for HHS. Finally, we calculated
the SMD for select studies to illustrate the magnitude of each
intervention (conservative, tenotomy, and revision) on PROs.

Limitations

There are several limitations in this systematic review. First,
there was heterogeneity in our selected studies with respect to the
dispersion of the reported PROs, as illustrated by the forest plot.
Second, none of the articles reported on a control group who did
not experience IPI following THA, limiting the level of evidence of
the selected studies. Additionally, we acknowledge there is a se-
lection bias inherent in some of our reviewed studies, as the sur-
geon’s decision-making process in performing a tenotomy vs
revision was only elucidated in 3 studies. Finally, although we
include 3 studies regarding outcomes on patients who underwent
conservative management, it is likely that outcomes following
conservative management are underreported in the literature.

Conclusion

Management of IPI following THA includes nonoperative mea-
sures, IP tenotomy, or acetabular component revision. Patients have
been shown to experience favorable PROs at latest follow-up, with
an apparent advantage for surgical treatment. Compared to revi-
sion arthroplasty, IP tenotomy resulted in a lower overall rate of
complications with less severe complication types. Therefore, IP
tenotomy should be considered as a second line of treatment for
patients who failed conservative measures. Revision arthroplasty
should be reserved for recalcitrant cases.
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