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 INSTRUCTIONAL REVIEW: HIP

Groin pain after replacement of the hip
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Persistent groin pain after seemingly successful total hip replacement (THR) appears to have 
become more common. Recent studies have indicated a high incidence after metal-on-
polyethylene and metal-on-metal conventional THR and it has been documented in up to 
18% of patients after metal-on-metal resurfacing. There are many causes, including 
acetabular loosening, stress fracture, and iliopsoas tendonitis and impingement. The 
evaluation of this problem requires a careful history and examination, plain radiographs and 
an algorithmic approach to special diagnostic imaging and tests. Non-operative treatment is 
not usually successful. Specific operative treatment depending on the cause of the pain 
usually involves revision of the acetabular component, iliopsoas tenotomy or other 
procedures, and is usually successful. Here, an appropriate algorithm is described.

Although persistent thigh pain after total hip
replacement (THR) has been associated more
frequently with the use of uncemented femoral
components,1 groin pain has been reported as
an occasional complication of both cemented
and uncemented THR.2-4 With the re-
introduction of resurfacing arthroplasty and
the increasing use of various metal-on-metal
articulations and large head metal-on-
polyethylene THRs, groin pain has once more
been reported as a complication.5-7 This paper
reviews the prevalence, aetiology, clinical and
radiological evaluation, and treatment options
of patients with persistent groin pain after all
types of THR.

Prevalence
The prevalence of groin pain after conven-
tional primary THR varies between 0.4% and
18.3% (Table I).3-6,8,9 This wide variation is
due, in part, to the heterogeneity of published
studies in terms of duration of follow-up,
varying descriptions of the site, severity and
cause of the pain, and its treatment. In most
studies, a precise definition of the site of groin
pain is not given. It was described by Lavigne
et al6 as pain located in the area extending
from the inner thigh to the anterior border of
the greater trochanter and from the anterior
superior iliac spine to the level of the base of
the greater trochanter. As some early residual
post-operative pain is expected after any oper-
ation involving the hip, this article will focus
on groin pain occurring three months or more
after surgery.

 O’Sullivan et al9 reported that 0.37% of
patients (16 of 3501 hips) had persistent groin
pain at a mean of 20 months after uncemented
THR (without acetabular screw fixation), but
that cohort was narrowly defined to include
only patients with painful iliopsoas tendonitis
requiring appropriate surgery. This study did
not include patients with mild groin pain that
resolved spontaneously or after conservative
treatment. Ala Eddine et al3 reported that
4.4% (9 of 206) patients with a painful THR
had iliopsoas impingement. Bricteux, Beguin
and Fessy4 also reported that 12 of 280 hips
(4.3%) with persistent pain following THR
had iliopsoas impingement. 

Metal-on-metal articulation in THR has a
higher prevalence of groin pain as a complica-
tion. Using a non-validated patient generated
questionnaire, Bartelt et al8 reported groin
pain in 7% of metal-on-polyethylene or
ceramic-on-ceramic THRs, 15% of metal-on-
metal THRs and 18% of metal-on-metal resur-
facings, in a retrospective review at a mean
follow-up of 14 months. However, due to the
numbers available, the difference was only sta-
tistically significant between conventional
THR and hip resurfacing. The increased pre-
valence of groin pain with metal-on-metal
THR seems striking, and there may be new
causes10 such as fracture of the femoral neck
and neck impingement with resurfacing, as
well as synovitis due to metal ion hypersensi-
tivity or adverse local tissue reaction.11 In a
prospective, non-randomised study of
279 patients by Lavigne et al,6 significantly



146 R. A. HENDERSON, P. F. LACHIEWICZ

THE JOURNAL OF BONE AND JOINT SURGERY

increased groin pain was present in those with both large
head metal-on-metal THRs (30%) and hip resurfacings
(30.5%) compared with those with 28 mm metal-on-metal
THRs (18.3%) at three months post-operatively. This pro-
spective study also evaluated the natural history of persis-
tent groin pain in patients with these three types of THRs at
three months, one year and two years, and reported that the
incidence decreased to 14.9% (hip resurfacing), 16.9%
(THR with large diameter head) and 12.9% (THR with
28 mm head) at two years post-operatively.

Other authors have also reported a high prevalence of
groin pain after metal-on-metal hip resurfacing. The retro-
spective studies of Bin Nasser et al5 and Bartelt et al8 both
reported that 18% of patients with hip resurfacing had per-
sistent groin pain at a minimum of 12 months post-
operatively, in series of 116 and 39 patients, respectively.

Aetiology
There are many causes of groin pain after THR or hip
resurfacing. Extrinsic causes include pain due to local neu-
rological or vascular pathology, inguinal hernia, metastatic
cancer, and dissecting retroperitoneal pathology as well as
distant causes including spinal pathology and radiculo-
pathy. The most frequent intrinsic causes include infection,
aseptic loosening of the acetabular component, iliopsoas
tendonitis, impingement, synovitis due to metal or polyeth-
ylene debris, pelvic osteolysis and occult acetabular or

pelvic fracture. A patient may have several causes, all of
which need to be identified and treated for a successful
outcome.12

Low-grade infection should always be considered when
patients present with groin pain after conventional or
metal-on-metal THR or metal-on-metal resurfacing. Of
206 patients presenting with a painful THR, Ala Eddine
et al3 reported that 45 patients (22%) had infection. In a
series of 37 patients undergoing revision after metal-on-
metal THR or hip resurfacing, Browne et al7 reported that
infection was the cause in seven patients (19%).

 Aseptic loosening of the acetabular component is a fre-
quent cause of groin pain after THR and metal-on-metal
resurfacing, although that of the femoral component is
rarely a cause. Loosening of the acetabular component was
the cause in eight of 37 revisions (22%) of failed metal-on-
metal THR in the study of Browne et al.7 Aseptic loosening
is also a concern in hip resurfacing.13 Kim et al14 found that
ten of 14 (71%) metal-on-metal resurfacing procedures
requiring revision were due to loosening of the acetabular
component. Amstutz et al15 reported that only 1.8% of
400 resurfacing procedures were found to have femoral
loosening as a cause of groin pain. An increased likelihood
of femoral loosening was correlated with female gender,
femoral head cysts, and small component sizes in this study.

There are many reports of occult loosening of an unce-
mented acetabular component presenting as unexplained

Table I. Reported prevalence of groin pain after total hip replacement (THR) and metal-on-metal (MoM)
resurfacing

Authors
Number 
of hips

Mean follow-up 
(mths) (range)

Prevalence 
(interval of follow-up) Notes

THR
Ala Eddine et al3 206 7.3 (1 to 48) 4.4% Iliopsoas tendonitis

Bricteux et al4 280 NR* (0 to 60) 4.3% Iliopsoas tendonitis

O’Sullivan et al9 3501 20 (2 to 96) 0.4% Iliopsoas tendonitis 
requiring surgical release

Bartelt et al8 217 14 (12 to 24) 7% Conventional

Bartelt et al8 65 14 (12 to 24) 15% MoM

Lavigne et al6 85 N/A† (3 to 24) 18.3% (3 months) MoM, 28 mm head
15.3% (12 months)
12.9% (24 months)

Lavigne et al6 89 N/A (3 to 24) 30.0% (3 months) MoM, large-head
13.5% (12 months)
16.9% (24 months)

MoM hip resurfacing
Bartelt et al8 46 14 (12 to 24) 18%

Bin Nasser et al5 116 26 (12 to 61) 18%

Lavigne et al6 105 N/A (3 to 24) 30.5% (3 months)
15.2% (12 months)
14.9% (24 months)

* NR, not reported 
† N/A, not applicable
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and persistent groin pain. These components have been
both two-piece and one-piece porous coated acetabular
shells without screw fixation. The modular titanium Sulzer
Interop TM component (Sulzer, Austin, Texas) was noted
to have an oily residue secondary to a change in manufac-
turing, and there are two series that reported groin pain due
to loosening.16,17 In one study of 26 acetabular revisions of
these components, 16 patients (62%) had persistent groin
pain.16 In another series, 12 of 37 patients (32%) with the
Sulzer components reported groin pain and underwent
revision surgery.17 There are two varieties of one-piece
cobalt-chrome alloy metal shells that have been associated
with groin pain due to failure of bone ingrowth, occult
loosening or excessive metal debris. The ASR acetabular
component (DePuy, Warsaw, Indiana) has recently been
recalled for unacceptably high revision rates. Langton
et al18 reported that, in a series of 660 metal-on-metal hip
resurfacings (550 ASR and 110 Birmingham components),
17 ASR components (3.4%) required revision, presumably
due to adverse reaction to metal debris. The Durom acetab-
ular component (Zimmer, Warsaw, Indiana) has also been
reported to have high failure rates. At a minimum of one
year follow-up in a case-matched study, Illgen et al19

reported 11.1% failure (defined as revision or moderate/
severe groin pain) in 63 hips with this component com-
pared with 0% failure in 100 hips with the Trilogy compo-
nent (Zimmer). Long et al20 reported revision for
acetabular loosening in 30 of 206 hips (15%) with the
Durom component within two years of surgery. Finally, in a
series of 100 hip resurfacings performed with the Durom
acetabular component, Naal et al21 reported survival of
only 88.2% for all patients, and 81.5% for women, at a
mean follow-up of five years. Of the 11 revisions, two had
persistent unexplained pain, two had impingement, two
had loosening of the femoral component, one had loosen-
ing of the acetabular component and four had a fracture of
the femoral neck.

Iliopsoas impingement or tendonitis is an increasingly
frequent cause of groin pain after both conventional and
metal-on-metal THR.22-24 This can result from numerous
different causes of irritation or stress on the tendon any-
where through its course, from intrapelvic sites to the ante-
rior edge of the acetabulum to its insertion on the lesser
trochanter. Tendonitis or impingement may result from a
prominent or malpositioned acetabular component,2,23

retained cement,23,25,26 excessively long screws,4,23 an
acetabular cage,27 a prominent femoral component collar,
an oversized acetabular component,28 or a femoral head
which is larger than the native head.29 There are also
circumstances in which intractable iliopsoas tendonitis
occurs without a structural problem being identified. Anec-
dotally, there are more descriptions of iliopsoas impinge-
ment with uncemented acetabular components than with
cemented components.

Fracture of the acetabulum or pelvis is a much more
infrequent cause of groin pain following THR. Four cases

of stress fracture of the medial acetabular wall have been
reported with both cemented (three)30 and cementless
(one)31 acetabular components. These patients are usually
elderly, osteoporotic females. Acetabular fracture may
occur after revision or primary THR, with an elliptical
component or the aggressive press-fitting (≥ 4 mm over-
sizing) of a hemispherical component. Acetabular fracture
has also been reported following a convulsion three years
after THR.32 Although pelvic or peri-acetabular osteolysis
is usually an asymptomatic finding, groin pain has been
reported with these lesions, with pain presumably due to
synovitis or occult fracture in the pubis or medial wall.33

With hip resurfacing, there is also a risk of femoral neck
fracture, with a reported incidence as high as 2.5% (14 of
550 resurfacings).34

There are also patients with metal-on-metal THR or
resurfacing with persistent groin pain and no evidence of
infection, loosening, fracture or iliopsoas tendonitis. Metal
hypersensitivity, synovitis due to elevated metal ion levels,
or adverse local tissue reactions (formerly aseptic lympho-
cytic vasculitis-associated lesions (ALVAL))35 should be
considered.36 Browne et al7 reported ‘metal reaction’ as the
aetiology for ten of 37 (27%) revisions of failed metal-on-
metal THR. There is also a report of metal hypersensitivity
reaction causing a large pseudotumour and lower extremity
oedema due to extrinsic compression of the femoral vein.12

Finally, there are several other rare causes of groin pain
following THR or resurfacing reported in the literature.
Groin pain is the most frequent cause of conversion of
hemiarthroplasty to a THR and, in one study, groin or but-
tock pain was still present in 20% of patients after conver-
sion.37 There are many reports of primary tumours,
including osteosarcoma38 and non-Hodgkin’s lymphoma39

occurring after THR and a case of persistent pain attribut-
able to metastatic pyeloureteral carcinoma.40 Massive wear
with metallosis has been reported in the setting of metal-on-
ceramic bearing THR.41 There is also a case report of
migration of intrapelvic cement three years after THR to
the posterior abdominal wall, causing intractable pelvic
pain.42 Lastly, groin pain started or increased in 60% (28 of
47) of patients with pregnancy after THR.43 In 18 women,
the pain disappeared either before term or immediately
after childbirth. Seven women had groin pain after child-
birth and five of these underwent revision.

Evaluation
The evaluation of a patient with groin pain after THR or
hip resurfacing should begin with a careful history and
physical examination. The date of implantation, surgical
approach, type of component, and onset and course of the
pain are crucial information. Systemic symptoms are rarely
present with infection. Pain that is acute and associated
with a fall or trauma may suggest a fracture or loosening.
History suggestive of metal synovitis is variable, and may
include pain present since the time of THR and progressive
in nature, pain aggravated by weight-bearing, mechanical
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symptoms (‘clunking’ or catching), and even audible
squeaking.13 The history for a patient with iliopsoas tendo-
nitis is also variable. Usually patients report groin pain
exacerbated by stair climbing, getting into or out of bed,
rising from seated position, and getting in or out of a car.
The onset of such symptoms has been reported between one
and 96 months following THR.22,44 Patients with iliopsoas
impingement may occasionally describe a snapping or
‘clunking’ sensation. As patients may also report groin or
buttock pain referred from lumbar, abdominal or vascular
pathology, these areas may also require inquiry.

A thorough examination is equally important. Erythema
or warmth around the hip or incision may suggest infec-
tion. Wound drainage, usually associated with infection,
has been reported with metal synovitis one year following
metal-on-metal THR.45 A limp and painful range of move-
ment is non-specific and may be associated with infection,
component loosening, iliopsoas tendonitis or fracture.
Many patients with iliopsoas tendonitis do not report pain
on walking.44 Resisted seated hip flexion that exacerbates
groin pain22,25,46 occurs with acetabular component loos-
ening, iliopsoas tendonitis and impingement.

Following history and examination, the initial investiga-
tions should focus on the most common causes of groin
pain: infection, aseptic loosening and occult peri-prosthetic
fracture (Fig. 1). Using the American Academy of
Orthopaedic Surgeons Clinical Practice Guidelines for
prosthetic joint infection,47 surgeons should first differenti-
ate between patients at ‘high’ and ‘low risk’ for infection
based on clinical suspicion. Thus, along with plain radio-
graphs, the initial investigations should include ESR and
CRP levels. If one or both levels are elevated (for ‘high risk’
patients), it is recommended to proceed with hip aspiration
for white cell count and differential, as well as for culture.
A positive cell count and culture would be suggestive of
infection, whereas if both are negative infection is unlikely.
If aspiration results are borderline, repeat hip aspiration
should be undertaken.

The initial imaging studies are plain radiographs, with
standard anteroposterior pelvis, cross-table or true (‘shoot-
through’), and frog-leg lateral views. Comparing old and
recent radiographs is important for assessment of fixation
of the acetabular component, including emergent radio-
lucent lines, change in component position, pelvic
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Fig. 1

Algorithm for evaluation and treatment of groin pain after total hip replacement or metal-on-metal resurfacing (AAOS, American Academy of Ortho-
paedic Surgeons (AAOS)47; AP, anteroposterior radiograph; PT, physical therapy; Fx, fracture).
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osteolysis, prominent intrapelvic screws or retained
cement. New or widening radiolucent lines, particularly in
zone 3,48,49 or a change in the position of the component,
are suggestive of loosening. The cross-table or true lateral
view allows assessment of the anterior aspect of the acetab-
ular component in reference to the anterior bony rim when
considering iliopsoas impingement as a diagnosis.2,22 Body
habitus may limit the interpretation of plain radiographs.
Computerised tomography should be considered in order
to measure the version of the acetabular component and the
extent of anterior component overhang.23,27

If the initial laboratory and radiological studies do not
determine a diagnosis, we recommend a three-phase bone
scan as a highly sensitive study to investigate for acetabular
loosening or occult fracture.49,50 If the bone scan is nega-
tive, in patients for whom the clinical picture is suggestive
of iliopsoas tendonitis, we recommend fluoroscopic, ultra-
sonographic or CT-guided diagnostic and therapeutic injec-
tion of the iliopsoas tendon sheath. In patients without
suspicion of iliopsoas tendonitis, additional evaluation
with metal suppression MRI, serum metal ion levels, and
anaesthetic injection of the hip may be considered. Patients
with metal-on-metal articulations should be evaluated for
metal synovitis or hypersensitivity, with measurement of
serum metal ion levels and CT, MRI, or ultrasound of the
affected hip, if not already obtained.51,52 If these are
inconclusive, an intra-articular injection of local
anaesthetic into the hip may be helpful in distinguishing
between an intrinsic hip problem and pain originating from
an extrinsic source.53,54 When these tests do not reveal a
definite cause of the pain, psychiatric evaluation may rarely
be necessary.55

Treatment
The treatment of groin pain due to infection involves either
a one- or two-stage re-implantation procedure, in conjunc-
tion with intravenous antibiotic therapy, managed in con-
junction with a bacteriologist. The obvious treatment for
aseptic acetabular loosening is revision and the senior
author (PFL) usually implants a new component with a so-
called enhanced porous-coated surface with adjuvant screw
fixation.56 Dislocation may be a specific problem after iso-
lated acetabular revision and consideration should be given
to the routine use of a ‘large’ head (≥ 36 mm).

The treatment of stress fracture after THR or resurfacing
should be determined on a patient-specific basis. There are
reports30,31 of patients recovering with conservative man-
agement involving non-weight-bearing for two to three
months and progressing as tolerated, with regular radio-
logical review. There is also one report30 of two revision
arthroplasties being needed for stress fracture. Osteolysis
associated with the stress fracture may be an indication for
revision surgery. 

Initial treatment of iliopsoas tendonitis should be con-
servative, including rest, anti-inflammatory medications
and physiotherapy. Many authors have indicated, however,
that this is not uniformly successful and may only lead to
temporary, partial or even no pain relief.3,4,23 Nunley
et al,57 in a group of 27 patients with presumed iliopsoas
tendonitis, found that 21 (78%) were treated satisfactorily
with between one and three fluoroscopically-guided steroid
injections. Radiological analysis of those who responded to
an injection only versus those who went on to require sur-
gery did not reveal any obvious differences between the
groups. There is also a case report of successful treatment

Fig. 2

Pre-operative cross-table lateral radiograph of a 67-year-old man with
persistent groin pain four years after an uncemented total hip replace-
ment, showing protrusion of the anterior acetabular shell by 8 mm to
10 mm in front of the anterior acetabular bony rim.

Fig. 3

An intra-operative photograph from the revision surgery of the same
patient as in Figure 2 showing an inflammatory mass anterior to the ace-
tabular component (arrow).
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of iliopsoas tendonitis with injection of Botulinum toxin
type A.58 A recent review by Lachiewicz and Kauk22 exam-
ining the results of many studies estimated the success of
nonsurgical treatment for iliopsoas tendonitis at only 39%.
The senior author (PFL) recommends one or two diagnos-
tic-therapeutic injections if the anterior edge of the acetab-
ular component is below the anterior bony rim, but only
one injection if it lies anterior to the bony rim.

Should the patient with iliopsoas impingement require
surgery successful options include iliopsoas tendon release
or resection, removal of protruding cement or screws, and
acetabular revision alone or in combination with iliopsoas
resection.2,4,22,25,44

Tendon release or resection is the simplest procedure,
chosen when the lateral radiological or CT imaging does
not suggest anterior overhang of the acetabular compo-
nent. The procedure has been documented using open,44

percutaneous and arthroscopic59 techniques. The senior
author (PFL) has only used an open approach. In patients
with anterior overhang (Figs 2 and 3), acetabular revision
is recommended,2,22,23 typically using the same approach
as that of the index THR. Special attention should be paid
intra-operatively to positioning the anterior edge of the
new component below the bony acetabular rim.2,4 Our
experience is that revision without greater trochanteric
osteotomy and without use of a reinforcement ring has a
high rate of success and a low rate of complications. When
the impingement is due to protruding cement or screws,
these should be addressed directly intra-operatively in
addition to iliopsoas tenotomy or resection.4,25 A recent
literature review22 found an overall success rate of 91.5%
(65 of 71 hips) for surgical intervention among studies
reporting outcomes at a mean of 22.7 months post-
operatively.

Synovitis due to local release of metal ions can be a diag-
nosis that is both difficult to make and often only made fol-
lowing histological analysis at the time of revision
arthroplasty.7 Regardless, when present, it should be
treated with revision of the bearing surface. Polyethylene
and ceramic head exchanges have both been reported.7 The
decision for revision of a painful metal-on-metal THR or
resurfacing arthroplasty is complex and should be
individualised, based on a combination of serum metal ion
levels, imaging findings and the amount of groin pain felt
by the patient.

Conclusion
THR continues to be a widely successful operation, but
persistent groin pain following THR and metal-on-metal
hip resurfacing remains a problem for some patients. There
are many possible causes including infection, aseptic loos-
ening or malfunctioning components, iliopsoas
impingement, metal reaction, and causes extrinsic to the
hip joint. A stepwise algorithm for the evaluation and treat-
ment of groin pain after THR or metal-on-metal hip
resurfacing is described.

The authors would like to thank Mr. S. Perlman for his assistance in the litera-
ture review and preparation for this study.

No benefits in any form have been received or will be received from a com-
mercial party related directly or indirectly to the subject of this article.

References
1. Barrack RL, Paprosky W, Butler RA, et al. Patients' perception of pain after total

hip arthroplasty. J Arthroplasty 2000;15:590–596.
2. Trousdale RT, Cabanela ME, Berry DJ. Anterior iliopsoas impingement after total

hip arthroplasty. J Arthroplasty 1995;10:546–549.
3. Ala Eddine T, Remy F, Chantelot C, et al. Anterior iliopsoas impingement after

total hip arthroplasty: diagnosis and conservative treatment in 9 cases. Rev Chir
Orthop Reparatrice Appar Mot 2001;87:815–819 (in French).

4. Bricteux S, Beguin L, Fessy MH. Iliopsoas impingement in 12 patients with a total
hip arthroplasty. Rev Chir Orthop Reparatrice Appar Mot 2001;87:820–825 (in French).

5. Bin Nasser A, Beaulé PE, O'Neill M, Kim PR, Fazekas A. Incidence of groin pain
after metal-on-metal hip resurfacing. Clin Orthop 2010;468:392–399.

6. Lavigne M, Laffosse JM, Ganapathi M, Girard J, Vendittoli P. Residual groin
pain at a minimum of two years after metal-on-metal THA with a twenty-eight-mil-
limeter femoral head, THA with a large-diameter femoral head, and hip resurfacing.
J Bone Joint Surg [Am] 2011;93-A(Suppl):93–98.

7. Browne JA, Bechtold CD, Berry DJ, Hanssen AD, Lewallen DG. Failed metal-
on-metal hip arthroplasties: a spectrum of clinical presentations and operative find-
ings. Clin Orthop 2010;468:2313–2320.

8. Bartelt RB, Yuan BJ, Trousdale RT, Sierra RJ. The prevalence of groin pain after
metal-on-metal total hip arthroplasty and total hip resurfacing. Clin Orthop
2010;468:2346–2356.

9. O'Sullivan M, Tai CC, Richards S, et al. Iliopsoas tendonitis: a complication after
total hip arthroplasty. J Arthroplasty 2007;22:166–170.

10. Haddad FS, Thakrar RR, Hart AJ, et al. Metal-on-metal bearings: the evidence so
far. J Bone Joint Surg [Br] 2011;93-B:572–579.

11. Glyn-Jones S, Pandit H, Kwon YM, et al. Risk factors for inflammatory pseudotu-
mour formation following hip resurfacing. J Bone Joint Surg [Br] 2009;91-B:1566–
1574.

12. Watters TS, Eward WC, Hallows RK, et al. Pseudotumor with superimposed
periprosthetic infection following metal-on-metal total hip arthroplasty: a case report.
J Bone Joint Surg [Am] 2010;92-A:1666–1669.

13. Nikolaou V, Bergeron SG, Huk OL, Zukor DJ, Antoniou J. Evaluation of persis-
tent pain after hip resurfacing. Bull NYU Hosp Jt Dis 2009;67:168–172.

14. Kim PR, Beaule PE, Laflamme GY, Dunbar M. Causes of early failure in a multi-
center clinical trial of hip resurfacing. J Arthroplasty 2008;23(Suppl):44–49.

15. Amstutz HC, Beaule PE, Dorey FJ, et al. Metal-on-metal hybrid surface arthro-
plasty: two to six-year follow-up study. J Bone Joint Surg [Am] 2004;86-A:28–39.

16. Manning DW, Ponce BA, Chiang PP, Harris WH, Burke DW. Isolated acetabu-
lar revision through the posterior approach: short-term results after revision of a
recalled acetabular component. J Arthroplasty 2005;20:723–729.

17. Blumenfeld TJ, Bargar WL. Early aseptic loosening of a modern acetabular com-
ponent secondary to a change in manufacturing. J Arthroplasty 2006;21:689–695.

18. Langton DJ, Jameson SS, Joyce TJ, et al. Early failure of metal-on-metal bear-
ings in hip resurfacing and large-diameter total hip replacement: a consequence of
excess wear. J Bone Joint Surg [Br] 2010;92-B:38–46.

19. Illgen RL 2nd, Heiner JP, Squire MW, Conrad DN. Large-head metal-on-metal
total hip arthroplasty using the Durom acetabular component at minimum 1-year
interval. J Arthroplasty 2010;25(Suppl):26–30.

20. Long WT, Dastane M, Harris MJ, Wan Z, Dorr LD. Failure of the Durom Metasul
acetabular component. Clin Orthop 2010;468:400–405.

21. Naal FD, Pilz R, Munzinger U, Hersche O, Leunig M. High revision rate at 5 years
after hip resurfacing with the durom implant. Clin Orthop 2011;469:2598–2604.

22. Lachiewicz PF, Kauk JR. Anterior iliopsoas impingement and tendinitis after total
hip arthroplasty. J Am Acad Orthop Surg 2009;17:337–344.

23. Dora C, Houweling M, Koch P, Sierra RJ. Iliopsoas impingement after total hip
replacement: the results of non-operative management, tenotomy or acetabular revi-
sion. J Bone Joint Surg [Br] 2007;89-B:1031–1035.

24. Cobb JP, Davda K, Ahmad A, et al. Why large-head metal-on-metal hip replace-
ments are painful: the anatomical basis of psoas impingement on the femoral head-
neck junction. J Bone Joint Surg [Br] 2011;93-B:881–885.

25. Jasani V, Richards P, Wynn-Jones C. Pain related to the psoas muscle after total
hip replacement. J Bone Joint Surg [Br] 2002;84-B:991–993.

26. Taher RT, Power RA. Iliopsoas tendon dysfunction as a cause of pain after total hip
arthroplasty relieved by surgical release. J Arthroplasty 2003;18:387–388.

27. Bader R, Mittelmeier W, Zeiler G, et al. Pitfalls in the use of acetabular reinforce-
ment rings in total hip revision. Arch Orthop Trauma Surg 2005;125:558–563.



GROIN PAIN AFTER REPLACEMENT OF THE HIP 151

VOL. 94-B, No. 2, FEBRUARY 2012

28. Abbas AA, Kim YJ, Song EK, Yoon TR. Oversized acetabular socket causing groin
pain after total hip arthroplasty. J Arthroplasty 2009;24:1144.

29. Browne JA, Polga DJ, Sierra RJ, Trousdale RT, Cabanela ME. Failure of larger-
diameter metal-on-metal total hip arthroplasty resulting from anterior iliopsoas
impingement. J Arthroplasty 2011;26:978.

30. Kanaji A, Ando K, Nakagawa M, et al. Insufficiency fracture in the medial wall of
the acetabulum after total hip arthroplasty. J Arthroplasty 2007;22:763–767.

31. Andrews P, Barrack RL, Harris WH. Stress fracture of the medial wall of the ace-
tabulum adjacent to a cementless acetabular component. J Arthroplasty
2002;17:117–120.

32. Atilla B, Caglar O, Akgun RC. Acute fracture of the acetabulum secondary to a con-
vulsive seizure 3 years after total hip arthroplasty. Orthopedics 2008;31:283.

33. Maloney WJ, Herzwurm P, Paprosky W, Rubash HE, Engh CA. Treatment of
pelvic osteolysis associated with a stable acetabular component inserted without
cement as part of a total hip replacement. J Bone Joint Surg [Am] 1997;79-A:1628–
1634.

34. Marker DR, Seyler TM, Jinnah RH, et al. Femoral neck fractures after metal-on-
metal total hip resurfacing: a prospective cohort study. J Arthroplasty
2007;22(Suppl):66–71.

35. Willert HG, Buchhorn GH, Fayyazi A, et al. Metal-on-metal bearings and hyper-
sensitivity in patients with artificial hip joints: a clinical and histomorphological study.
J Bone Joint Surg [Am] 2005;87-A:28–36.

36. Langton DJ, Joyce TJ, Jameson SS, et al. Adverse reaction to metal debris fol-
lowing hip resurfacing: the influence of component type, orientation and volumetric
wear. J Bone Joint Surg [Br] 2011;93-B:164–171.

37. Sharkey PF, Rao R, Hozack WJ, Rothman RH, Carey C. Conversion of hemiar-
throplasty to total hip arthroplasty: can groin pain be eliminated? J Arthroplasty
1998;13:627–630.

38. Prasad PS, Latham JB, Tucker JK, Ball RY. Disseminated osteosarcoma arising in
the pelvis after total hip arthroplasty. J Arthroplasty 2002;17:373–378.

39. Vadivelu R, Kar N, Margetts MJ, Abdul-Cader AH. Non-Hodgkin's lymphoma as
an unexpected diagnosis in a hip arthroplasty. Arch Orthop Trauma Surg
2002;122:532–534.

40. Konala P, Schaefer TK, Iranpour F, Friederich NF, Hirschmann MT. An unusual
case of persistent groin pain after total hip arthroplasty: a case report. J Med Case
Reports 2011;5:67.

41. Valenti JR, Del Rio J, Amillo S. Catastrophic wear in a metal-on-ceramic total hip
arthroplasty. J Arthroplasty 2007;22:920–922.

42. Thompson NW, Colleary G, Wilson DS, Crone MD, Beverland DE. Migration of
intrapelvic cement after total hip arthroplasty. J Arthroplasty 2002;17:382–383.

43. Sierra RJ, Trousdale RT, Cabanela ME. Pregnancy and childbirth after total hip
arthroplasty. J Bone Joint Surg [Br] 2005;87-B:21–24.

44. Heaton K, Dorr LD. Surgical release of iliopsoas tendon for groin pain after total hip
arthroplasty. J Arthroplasty 2002;17:779–781.

45. Earll MD, Earll PG, Rougeux RS. Wound drainage after metal-on-metal hip arthro-
plasty secondary to presumed delayed hypersensitivity reaction. J Arthroplasty
2011;26:338.

46. Della Valle CJ, Rafii M, Jaffe WL. Iliopsoas tendinitis after total hip arthroplasty.
J Arthroplasty 2001;16:923–926.

47. Parvizi J, Della Valle CJ. AAOS Clinical Practice Guideline: diagnosis and treat-
ment of periprosthetic joint infections of the hip and knee. J Am Acad Orthop Surg
2010;18:771–772.

48. DeLee JG, Charnley J. Radiological demarcation of cemented sockets in total hip
replacement. Clin Orthop 1976;121:20–32.

49. White RE, Archibeck MJ. Evaluation of the painful total hip replacement. In: Cal-
laghan JJ, Rosenberg AG, Rubash HE, eds. The adult hip. Second ed. Philadelphia:
Lippincott Williams & Wilkins, 2007:1343–1351.

50. Weiss PE, Mall JC, Hoffer PB, et al. 99mTc-methylene diphosphonate bone imag-
ing in the evaluation of total hip prostheses. Radiology 1979;133:727–729.

51. Skinner J, Kay P. Commentary: metal on metal hips. BMJ 2011;342:d3009.
52. Hart AJ, Sabah S, Henckel J, et al. The painful metal-on-metal hip resurfacing. J

Bone Joint Surg [Br] 2009;91-B:738–744.
53. Crawford RW, Ellis AM, Gie GA, Ling RS. Intra-articular local anaesthesia for pain

after hip arthroplasty. J Bone Joint Surg [Br] 1997;79-B:796–800.
54. Deshmukh AJ, Thakur RR, Goyal A, et al. Accuracy of diagnostic injection in dif-

ferentiating source of atypical hip pain. J Arthroplasty 2010;25(Suppl):129–133.
55. Pacault-Legendre V, Anract P, Mathieu M, Courpied JP. Pain after total hip

arthroplasty: a psychiatric point of view. Int Orthop 2009;33:65–69.
56. Lachiewicz PF, Soileau ES. Tantalum components in difficult acetabular revisions.

Clin Orthop 2010;468:454–458.
57. Nunley RM, Wilson JM, Gilula L, et al. Iliopsoas bursa injections can be benefi-

cial for pain after total hip arthroplasty. Clin Orthop 2010;468:519–526.
58. Fish DE, Chang WS. Treatment of iliopsoas tendinitis after a left total hip arthro-

plasty with botulinum toxin type A. Pain Physician 2007;10:565–571.
59. Van Riet A, De Schepper J, Delport HP. Arthroscopic psoas release for iliopsoas

impingement after total hip replacement. Acta Orthop Belg 2011;77:41–46.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


