
SYMPOSIUM: COMPLICATIONS OF HIP ARTHROPLASTY

The Prevalence of Groin Pain After Metal-on-Metal Total Hip
Arthroplasty and Total Hip Resurfacing

Robert B. Bartelt MD, Brandon J. Yuan MD,

Robert T. Trousdale MD, Rafael J. Sierra MD

Published online: 28 April 2010

� The Association of Bone and Joint Surgeons1 2010

Abstract

Background Groin pain after total hip arthroplasty (THA)

or total hip resurfacing arthroplasty can be troubling for

patients and surgeons. Potential sources of pain include

infection, loosening, metal hypersensitivity, or impinge-

ment of bony structures or the iliopsoas tendon.

Questions/purposes We compared the rate of groin pain

after THA or hip resurfacing using metal-on-metal to those

of other bearing surfaces.

Methods We identified 347 (334 patients) primary total

hip (n = 301) or resurfacing (n = 46) arthroplasties.

Complete preoperative, operative, and postoperative data

were available for 282 hips. We retrospectively reviewed

the charts for the presence or absence of groin pain at a

minimum of 1 year after surgery with a specific focus on

etiologic factors. The minimum followup was 12 months

(mean, 14 months; range 12 to 24 months).

Results The rate of groin pain was 7% (15 of 217 patients)

after THA with conventional bearing surfaces, 15% (4 of 26

patients) with metal-on-metal THA and 18% (7 of 39

patients) with total hip resurfacing. Younger patients were

more likely to report groin pain postoperatively and more

likely to have metal-on-metal bearing surfaces.

Conclusions Our data at short-term followup suggest

increased rates of groin pain after metal-on-metal THA or

resurfacing arthroplasty versus THA using polyethylene or

ceramic bearing surfaces. The reasons are not clear but

they appear to be associated with younger age. Potential

factors include impingement, activity level and possibly

higher expectations for patients receiving metal-on-metal

bearing surfaces that may make those patients more likely

to report postoperative pain.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Metal-on-metal bearing surfaces used in both THA and

total hip resurfacing have increased in popularity in recent

years in an effort to eliminate polyethylene wear-induced

osteolysis. A large metal-on-metal bearing surface has

improved wear rates as compared with smaller head sizes

and has the added advantage of decreased risk of disloca-

tion [3, 10, 16, 19, 22]. However, hip resurfacings appear

to be associated with a higher risk of groin pain. One recent

study indicated 18% of patients reported continued groin

pain after hip resurfacing [17], a higher rate than previ-

ously reported (0.37–4.3%) after conventional THA

[1, 20]. In practice we noted patients with metal-on-metal

bearing surfaces had a higher incidence of groin pain than

patients undergoing standard THA, but the reasons for the

increased rate of groin pain were unclear.

Groin pain after THA can be troubling for patients and

surgeons. Potential sources of pain include infection and

loosening, and these can occur independently of the type of

arthroplasty or bearing surface. The mechanisms of pain
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after metal-on-metal total hip resurfacing are presumably

similar to those of THA, although there are several unique

to the procedure. These include impingement of the ante-

rior native femoral neck against the metal socket or soft

tissues and occult femoral neck fracture and these must be

considered when evaluating these patients [15, 18]. Other

potential causes of groin pain are related to the metal-on-

metal bearing surface itself and include hypersensitivity to

metal components leading to pain and joint effusion [6, 14,

21, 27]. Impingement of the iliopsoas tendon can occur

with standard THA but has also been recently reported as

occurring with total hip resurfacing or metal-on-metal hip

arthroplasty [1, 5, 8, 11, 12, 20, 23, 25, 26].

We therefore: (1) determined whether the rate of groin

pain after total hip resurfacing and metal-on-metal THA is

greater than conventional THA; and (2) described possible

factors leading to the increased risk of groin pain.

Patients and Methods

We used a computerized database to identify all patients

undergoing total joint arthroplasty and identified 334

patients (347 hips) having primary THAs or total hip re-

surfacings between December 1, 2006, and November 31,

2007 at our institution. Of these, 61 were excluded as a

result of clinical followup of less than 1 year and three

patients had died before their 1-year followup visit. One

patient was excluded as a result of severe radiation-induced

necrosis of the acetabulum before his index arthroplasty.

This left 269 patients (282 hips or 81%) who had complete

preoperative, postoperative, and intraoperative records and

pre- and postoperative radiographs. Patients were grouped

by their bearing surface into two categories: 58 patients

with 65 metal-on-metal arthroplasties and 211 patients with

217 conventional arthroplasties (including both polyethyl-

ene and ceramic acetabular liners). Preoperative diagnoses

included osteoarthritis (198 of 282 [70%]), developmental

dysplasia (39 of 282 [14%]), and other diagnoses (45 of

282 [16%]). The gender ratio was 150 female (53%) and

132 male (47%). Among the 65 hips with metal-on-metal

arthroplasties the preoperative diagnoses were primary

osteoarthritis in 45 hips, developmental dysplasia of the hip

in nine, posttraumatic arthritis in six, osteonecrosis in two,

synovial chondromatosis in two, and deformity after slip-

ped capital femoral epiphysis in one hip. We obtained

Institutional Review Board approval prior to the study.

All surgery was performed by two experienced surgeons

(RTT, RJS). Thirty-nine of the 65 hips with metal-on-metal

implants had resurfacing and 26 had THA. The implants

used for THA were 19 ASR and seven Pinnacle acetabular

shells, 25 Summit femoral stems, and one AML femoral

stem (DePuy, Warsaw, IN). Implants used for total hip

resurfacing were 33 Conserve Plus (Wright Medical,

Arlington, TN) and six ASR (DePuy). All implants were

uncemented except for the resurfacing heads, which were

all cemented. No bone graft was used. The mean age of

patients was 49 years (range, 22–65 years). The surgical

approach was posterior in 64 hips and transtrochanteric in

one hip.

Two hundred eleven patients (217 hips) underwent THA

using metal-on-polyethylene or ceramic-on-ceramic bear-

ing surfaces. Of these, 12 had ceramic liners and 205

received highly crosslinked polyethylene. All acetabular

components were uncemented. The acetabular implants

used were 204 Pinnacle acetabular shells, eight Duraloc

option (DePuy), four Trident (Howmedica, Mahway, NJ),

and one Trabecular Metal (Zimmer, Warsaw, IN). Sixty-

one femoral components were cemented and the remainder

uncemented. Femoral components included 143 Summit

stems, five AML, three Bantam, and one S-ROM (DePuy);

47 Exeter cemented stems, 13 Omnifit EON cemented

stems, and four Secur-fit (Stryker, Mahway, NJ); and one

CDH stem (Zimmer). Autologous bone graft was used in

eight acetabuli and four femurs. The mean age of patients

was 61 years (range, 13-94 years). The surgical approach

was posterior in 211 and anterolateral in six hips. Preop-

erative diagnoses were primary osteoarthritis in 153 hips,

developmental dysplasia of the hip in 30, osteonecrosis in

19, posttraumatic arthritis in nine, residual arthritis from

slipped capital femoral epiphysis in two hips, and one

patient each with diagnoses of hemophilic arthropathy,

post-Perthes arthritis, postseptic arthritis, and rheumatoid

arthritis.

Patients were asked to return for an examination,

interview, and radiographic evaluation at regular followup

intervals (2, 12 and 24 months postoperatively). Clinical

assessment of all patients who underwent hip arthroplasty

was performed by the surgeon using a standardized hip

analysis sheet (Appendix 1) during these visits. All patients

were asked if they had any hip pain and, if so, the grade

(slight, moderate, severe) and location (trochanter, groin,

buttock, or thigh) of pain were noted. Gait, leg length, and

ROM were assessed as were provocative tests for pain,

including resisted straight leg raise and psoas stretch test.

The psoas stretch test is performed by extending the

patient’s leg and externally rotating it, which could

reproduce the patient’s groin pain [11, 25].

Radiographs were obtained at all followup visits with

three projections used for radiographic analysis: AP pelvis

and AP and cross-table lateral radiographs of the operative

hip. One of us (RBB) reviewed these radiographs for

periprosthetic lucency or loosening according to the sys-

tems of DeLee and Charnley [7] for acetabular lucency and

Gruen et al. [9] for femoral periprosthetic lucency,

uncovered anterior components that may lead to iliopsoas
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tendonitis [25] or evidence of impingement (insufficient

head neck offset ratio) of the residual femoral neck after

total hip resurfacing [2, 18]. It should be noted that sub-

stantial interobserver variability exists in assessment of

periprosthetic lucency. Prior studies have indicated

kappa = 0.37 or a rate of consensus of 46% for acetabular

components and 87% consensus for femoral components

[4, 24]. Additional tests were obtained as needed, eg, CT

scan to evaluate for occult periprosthetic fracture or labo-

ratory studies and aspiration to evaluate possible infectious

etiology.

Patients who were unable to return for evaluation were

sent a standardized questionnaire (Appendix 2) to evaluate

their function and satisfaction. Additionally, these patients

were asked to have a local orthopaedic surgeon send the

results of a clinical examination and recent radiographs. Of

the 269 patients included in the study, 245 (91%) returned

to clinic for followup at the one year mark and the

remainder sent in the questionnaire. All patients returning

to clinic for examination had complete radiographs avail-

able. No patients following up via questionnaire had 1 year

radiographs available but all had immediate postoperative

radiographs for review. It should be mentioned that all

patients noting groin pain at the 12 month visit in the

current study were evaluated in clinic by the treating sur-

geon and had complete radiographic examinations.

Results are reported as mean (SD) or count (percentage)

unless otherwise specified. The analysis focused primarily

on the outcome of groin pain at 1 year postoperatively.

Potential risk factors evaluated included age, gender,

body mass index (BMI), preoperative diagnosis, surgical

approach, and prosthetic bearing surface (polyethylene,

ceramic, metal [THA], and metal [resurfacing]). The

association of these factors with the outcome of groin pain

was evaluated using logistic regression with univariate

analyses performed. Because a subset of the patients had

both right and left hips included in the analysis, the logistic

regression was performed in a generalized linear models

framework using generalized estimating equations to

properly account for the within-patient correlation. Odds

ratios are reported with 95% confidence intervals. All

statistical tests were two-sided. A power analysis was

performed and showed the present data set had 80% power

to detect a rate of groin pain of at least 23% in the hip

resurfacing group and 27% in the metal-on-metal THA

group as being different from the observed rate of 7% in

the conventional THA group.

Results

The rate of groin pain was higher for patients who under-

went hip resurfacing or metal-on-metal THA versus

conventional THA with polyethylene or ceramic acetabular

liners (Table 1).

Younger patients were more likely to report pain

(Table 2) and were also more likely (p \ 0.001) to have

received a metal-on-metal bearing surface. Because the

mean ages for the implant type groups differed (mean age,

49 versus 61 years for metal-on-metal and conventional

bearing surfaces, respectively), we performed further

analysis to control for the confounding effect of age on the

effect of surgery type. The 26 patients with groin pain were

matched on age (± 3 years) and gender to 26 patients

without pain. A comparison of the rates of pain among this

small subset of age- and gender-matched patients revealed

similar outcomes regardless of bearing surface (p = 0.19

for resurfacing versus conventional THA, p = 0.32 for

metal-on-metal versus conventional THA). No other vari-

ables studied predicted pain (Table 2).

Patients who received resurfacing were more likely to

have moderate or severe pain (Table 3). Of these, two

underwent revision to THA for apparent femoral neck

impingement resulting in mild pain, with excellent pain

relief after revision (Fig. 1A–B). An additional patient

obtained satisfactory pain relief with an ultrasound-guided

injection into the iliopsoas sheath tendon (Fig. 2A–B). One

Table 1. Rate of groin pain at one year postoperatively

Surgery type Rate of groin pain Statistical comparison to conventional THA

Conventional THA 15/217 (7%)

Metal-on-metal THA 4/26 (15%) Odds ratio, 2.45; 95% CI, 0.73–8.19, p = 0.146

Resurfacing 7/39 (18%) Odds ratio, 2.95; 95% CI, 1.10–7.91, p = 0.032

Table 2. Risk factors for groin pain at one year status post

arthroplasty

Variable p value Odds ratio

(95% confidence interval)

Age 0.017 1.38 (1.05–1.81) for 10 year

decrease in age

Preoperative diagnosis

DDH versus OA 0.051 2.67 (1.00–1.74)

OA versus other diagnoses 0.768 1.19 (0.37–3.78)

Gender 0.734 1.15 (0.51–2.59) for male

BMI ([ 25 versus \ 25) 0.627 0.80 (0.32–2.00)
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patient in the conventional THA group also received an

ultrasound guided injection for iliopsoas impingement with

good outcome (Fig. 3A–B). Patients identified as indeter-

minate all had mild pain that was not easily categorized by

history, examination, or radiographic findings, and they felt

no need for further diagnostic studies.

Discussion

Metal-on-metal bearing surfaces in hip arthroplasty have

advantages such as decreased wear and dislocation rates

[4, 10, 16, 19, 22] compared to conventional THA. How-

ever, their use may be associated with an increased rate of

postoperative groin pain when compared to conventional

THA [1, 17, 20]. We performed the present retrospective

study to assess (1) whether the rate of groin pain after total

hip resurfacing and metal-on-metal THA is greater than

conventional THA; and (2) the possible factors leading to

the increased risk of groin pain.

Our study is limited by several factors. First, the effects

of patient activity and expectations are impossible to

measure in a retrospective study. Second, the patient pop-

ulations were heterogeneous among the type of hip

Table 3. Severity and etiology of groin pain

Resurfacing Metal-on-

metal THA

Conventional

THA

Severity

Mild 4 3 13

Moderate 2 1 2

Severe 1

Etiology

Iliopsoas impingement 1 6

Femoral neck impingement 5

Periprosthetic fracture 1 2

Recurrent dislocation 1

Indeterminate 1 3 6

Fig. 1A–B The radiographs of a 35-year-old patient with residual

groin pain with high flexion activities after total hip resurfacing

performed for osteoarthritis are shown. (A) There is an apparent CAM

lesion remaining on the anterior surface of the femoral neck.

Postoperative pain was mild and no further treatment was recom-

mended. (B) Calcification at the lesser trochanter can also be seen;

however, pain was only present at high degrees of flexion where the

osteophyte may contact the acetabular component.

Fig. 2A–B The radiographs of a 24-year-old patient with groin pain

consistent with iliopsoas impingement after total hip resurfacing

performed for posttraumatic arthritis are shown. (A) The cup is not

prominent anteriorly; however, the large femoral head is prominent

and somewhat medialized on the femoral neck. (B) Also, a screw tip

projects into the pelvis that may irritate the iliacus muscle. The patient

experienced moderate groin pain that was relieved with an ultra-

sound-guided iliopsoas tendon sheath injection.
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arthroplasty, with younger patients much more likely to

receive a metal-on-metal bearing surface. Both young age

and metal-on-metal bearing surfaces were risk factors for

groin pain in the present study, suggesting the possibility of

statistical interaction between these variables. Third, the

relatively small number of patients reporting pain at 1 year

limited our ability to separate these and other potentially

confounding variables. Fourth, our analysis is limited by

the fact that many patients reporting groin pain at 1 year

were pleased with the outcome of their surgery and only

had mild pain; therefore, no additional studies were

obtained beyond the standard radiographs and physical

examination that would yield clues to the etiology of their

pain. Further investigation into various causes of their pain

was not clinically indicated. Exclusion of these patients

with mild indeterminate causes of groin pain, which may

not be attributable to the hip arthroplasty, may lead to

different results. However, it should be noted that non-

arthroplasty causes of pain would be expected to be similar

among the study groups.

We found a higher rate of groin pain for patients

receiving THA or resurfacing with metal-on-metal bearing

surfaces than for conventional bearing surfaces. This is in

agreement with prior work (Table 4). Most patients had

only mild pain, and examination and radiographic analysis

did not lead to a diagnosis in many cases. However, bone

and soft tissue impingement were common (Table 3) and

seem to be more prevalent with hip resurfacing versus

conventional THA. In addition, we separately analyzed

metal-on-metal THA and found a similar rate of groin pain

to the resurfacing group (Table 1). We are not aware of any

studies that have reported on these data. Possible causes for

the increased rates of pain include hypersensitivity to

metal-on-metal bearing surfaces [7, 14, 21, 27] (although

this was not diagnosed in any of our patients) or greater

impingement of the psoas tendon across the larger femoral

heads used for resurfacing or metal-on-metal THA com-

pared to conventional THA [1, 5, 8, 11, 12, 20, 23, 25, 26].

Risk factors for groin pain after THA and resurfacing

were analyzed and we found that younger age at the time of

surgery was an important predictor of groin pain at 1 year in

this study. Notably, patients receiving metal-on-metal

bearing surfaces in the present study were younger on

average compared with conventional THA. Activity after

THA is related to patient age with patients between the ages

of 50 and 59 the most active [13]. Anticipated activity level

after surgery is part of our preoperative selection criteria for

metal-on-metal bearings, creating potential bias. Younger

patients, with ostensibly higher activity levels and expec-

tations, were more likely to receive metal-on-metal bearing

surfaces and therefore could potentially report more pain

postoperatively. Unfortunately, we lacked sufficient statis-

tical power in the current study to adequately address this

possibly confounding variable. Recent work examining

groin pain after hip resurfacing suggests there is no effect of

age on the rate of pain [17]. While female gender has been

associated with postoperative groin pain in two studies

[17, 20], we found no such association. Most hip resurfac-

ings in the present study were performed in men (32 of 39,

82%), limiting our ability to analyze gender as a risk factor.

Our data suggest patients who undergo metal-on-metal

THA or hip resurfacing with metal-on-metal bearing

Fig. 3A–B The radiographs of a 76-year-old patient with groin pain

consistent with iliopsoas impingement after metal-on-polyethylene

THA performed for osteoarthritis are shown. (A) The cup is

prominent anteriorly as a result of relative lack of anteversion and

possible oversizing. (B) Pain was relieved after ultrasound-guided

iliopsoas tendon sheath injection.

Table 4. Groin pain after hip arthroplasty-reported values

Study Duration of

followup*

Rate of groin pain

Nasser et al. [17] 12 (26) 18% resurfacing

O’Sullivan et al. [20] 2 (20) 0.37% conventional THA

(requiring surgery)

Ala Eddine et al. [1] 1 (7) 4.3% THA

Bartelt et al.

[current study]

12 (14) 18% resurfacing

15% metal on metal THA

7% conventional THA

* Duration of followup is reported as minimum and mean values in

months.
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surfaces may be more likely to experience groin pain at

1 year after surgery and these patients tend to be

younger. Many potential causes of pain are preventable

with proper surgical technique and/or patient selection.

Further study is required to confirm whether patient

age, expectations and activity level contribute to groin

pain.
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Today's Date

- -
LAST Name

Clinic Number

- -

FIRST Name

Weight (kg)

For optimum accuracy, please print clearly and avoid contact with the edge of the box. Print numbers
as shown,  and names in capital letters as shown:

no pain
slight
moderate
severe

1. Pain 6. Distance walked
unlimited
4-6 blocks (30 minutes)
1-3 blocks (15 minutes)
indoors only
bed to chair
unable to walk

yes
yes, using handrail
one step at a time
unable to go up and down stairs

7. Stairs

with start-up (1st steps then gets better)
after walking 30 minutes (or more than 6 blocks)
after any walking
at rest
at all times

3. Occurance of pain

none
cane for long walks
cane full time
crutch
two canes
two crutches
walker
unable to walk

4. Supports 9. Pick up an object from the floor
yes, with ease
yes, with difficulty
unable

8. Socks/tie shoes
yes, with ease
yes, with difficulty
unable

10. Sitting
any chair for one hour or more
a high chair for 1/2 hour
unable to sit for 1/2 hour
unable to sit in any chair

no
slight
severe
unable to walk

5. Limp

0
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Range of Motion (Mark one)

no limitations (can do heavy labor, run, play tennis)
walk more than 1 mile a day (golf)
daily walking about town, house, office
walking indoors only
severely limited, can only move from bed to chair

13. Activity level11. In and out of a car
yes, with ease
yes, with difficulty
unable

no
yes, NSAIDs
yes, Narcotics
yes, Oral Steroids

24.  Medications

none
right hip
left hip
right knee
left knee

25. Other lower extremity joint involvement.
(Mark all that apply.)

17. Abduction

18. Adduction

19. External Rotation

20. Internal Rotation

0 10 20 30 40 50 60 70 80 90 100 110 120 >120

15. Full Extension

16. Full Flexion

0 10 20 30 40 50 60 70 80 90 100 110 120 >120

<-40 -40 -30 -20 -10 0 10 20 30 >30

<-40 -40 -30 -20 -10 0 10 20 30 >30

<-30 -30 -20 -10 0 10 20 30 >30

<-30 -30 -20 -10 0 10 20 30 >30

12. Rise from chair
able with ease (no arms)
able with ease (with arms)
able with difficulty
unable

14. Patient's response (compared to before surgery,
how is your hip?)

much better now
somewhat better now
the same
worse

1 to 4
5 to 9
10 to 15
16 to 20

21 to 25
26 to 30
31 to 40
41 to 50

51 to 60
61 to 70
>70

23. Amount of Discrepancy in mm

no
yes

21. Positive Trendelenberg

legs equal
left short
right short

22. Leg Length Discrepancy
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:yregruS fo etaD                       :emaN tneitaP

piH                       :rebmuN cinilC

:egA poerP                       :etaD  tnirP

To Be Filled Out By Patient

no pain
slight
moderate
severe

Hip Evaluation Questionnaire
Page 1 of 3

with start-up (1st steps, then gets better)
after walking 30 minutes (or more than 6 blocks)
after any walking
at rest
at all times

none
cane for long walks
cane full time
crutch
two canes
two crutches
walker
unable to walk

1.  Do you have pain in the hip in which the joint was replaced? (Please mark only one answer.)

If you answered no to question 1, skip to question 4.

2.  If you are having pain, please mark each location where you are having pain.

3.  How often does the pain occur? (Please mark only one answer.)

4.  Do you use any supports when you walk? (Please mark only one answer.)

- -

- -

- -

Answer all questions by filling in the appropriate circle(s).  (Sample:  Like o  not like o or o.)7 3
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Hip Function, Page 2 of 3

unlimited
4-6 blocks (30 minutes)
1-3 blocks (15 minutes)
indoors only
bed to chair
unable to walk

yes
yes, using handrail
one step at a time
unable to go up or down stairs

yes, with ease
yes, with difficulty
unable

yes, with ease
yes, with difficulty
unable

any chair for an hour or more
a high chair for 1/2 hour
unable to sit for 1/2 hour
unable to sit in any chair

yes
yes, with difficulty
unable

without using your arms to push you up
easily by pushing up with your arms
with difficulty by pushing up with your arms
unable to get out of a chair by yourself

no limitations (can do heavy labor, play tennis, run, etc.)
walking more than 1 mile a day (golf)
daily walking about town, house, office
walking indoors only
severly limited, can only move from bed to chair

5.  When you walk without any support, do you have a limp? (Please mark only one answer.)

6.  How far can you walk before needing to stop and rest? (Please mark only one answer.)

7.  Can you go up and down stairs in a normal manner? (Please mark only one answer.)

8.  Can you put on your shoes and socks by yourself? (Please mark only one answer.)

9.  Can you pick up an object from the floor? (Please mark only one answer.)

10.  How long can you sit in a chair? (Please mark only one answer.)

11.  Can you get in and out of a car? (Please mark only one answer.)

12.  When you get out of a chair, can you get to a standing position? (Please mark only one answer.)

13.  How would you describe your activity level? (Please mark only one answer.)

none
slight
severe
unable to walk

By permission of Mayo Foundation for Medical Education and Research.
All rights reserved.
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