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Abstract Large-diameter metal-on-metal articulations

reportedly provide better stability and range of motion than

smaller diameter bearings. We therefore asked whether a

large-diameter (44- to 50-mm) metal-on-metal articulation

(Durom1) would eliminate dislocation and provide simi-

lar functional scores and clinical and radiographic failure

rates as those with 28-mm articulation. We prospectively

followed 181 patients (207 hips) who had a large-diameter

articulation implanted between May 2006 and November

2007. We compared these patients with a historical con-

trol of 54 patients who had a small-diameter (28-mm

Metasul1) articulation. All patients had a Harris hip score

and a self-assessment of outcome and radiographic

followup. The minimum followup was 1 year (mean,

1.6 years; range, 1–2 years). During the followup period,

we performed revisions on 29 patients (30 hips [15%]) with

21 of 29 (72%) having radiographic criteria of loosening.

Thirteen retrieved cups and acetabular tissue were exam-

ined histologically. Twenty-eight of 151 unrevised patients

had radiographic impending failure; 12 without revision

had clinical failure. Eight patients (nine hips) had both

clinical failure and impending radiographic failure. Cup

inclination was 41.3� ± 5.4� and anteversion was 20.2� ±

7�. The revision rate and quality of clinical results were

unacceptable as compared with our historical controls. We

do not recommend use of the Durom1 implant.

Level of Evidence: Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Large head metal-on-metal conventional THA has recently

been clinically used with the anticipation that it would

reduce dislocation, improve range of motion, and provide

good durability by low wear. Metal-on-metal articulation

for THA has been one subject of research for us [5, 9, 12,

19, 23]. Our only repeatable complication with this artic-

ulation was dislocation (using 28- and 32-mm heads), so

the large-diameter head was attractive [5, 12, 19]. We had

not experienced any hypersensitivity [23]. Therefore, we

were asked to conduct a prospective clinical study of the

Durom Metasul1 large-diameter head metal-on-metal

acetabular component (Zimmer, Warsaw, IN). The cup was

approved by the US Food and Drug Administration in April

2006, and we began implanting the cup in May 2006. The

cup was approved in Europe with a CE mark and was used

outside the United States primarily for surface replacement

with reported satisfactory results from Canada [26]. Much

of the use in Europe was with surface replacement. With

the increasing use of metal-on-metal surface replacement,

there was less concern about ions and cancer expressed by

surgeons, so patients had high acceptance of metal-on-

metal.

We therefore asked whether conventional THA with the

Durom1 acetabular component for large-diameter head

metal-on-metal articulation would (1) eliminate disloca-

tion; (2) perform better in terms of range of motion and
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level of activity; and (3) have low rates of osteolysis

equivalent to that in our historic controls of 28-mm

Metasul1 articulations using the Converge1 porous-

coated metal shell (Zimmer).

Patients and Methods

We prospectively followed 181 patients (207 hips) who had

primary THA using the Durom1 acetabular component

between May 2006 and November 2007. The patients were

selected because of the cost of the implant and its pro-

spective indications for patients younger than 60 years of

age and patients older than 65 years of age with small

acetabula (ie, less than 52 mm). Contraindications included

patients with known renal compromise and women of

childbearing age. One patient (one hip) died within the first

year of postoperative followup for reasons not related to

hip surgery and was excluded from the study. This exclu-

sion left 180 patients with 206 THAs. The criteria of small

acetabula gave a preponderance of women (119 of 180

patients) (Table 1). We had prior Institutional Review

Board approval.

The acetabular component in all hips was the Durom1

metal-on-metal cup, which is a wrought-forged high-carbon

cobalt-chromium alloy with 3-mm thick walls (Fig. 1). The

external geometric shape is not a hemisphere with a sector

angle of 165� and a flattened dome that flares toward the

periphery so it is 2 mm wider at the rim than the dome.

Two-millimeter wide sharp circumferential fins for rota-

tional stability is the most peripheral rim structure. These

fins are impacted into the bone. The cup has no screw holes.

The fixation surface is a plasma spray coating, which has a

roughness of 20 to 50 lm. The plasma spraying of the cup

enables the titanium alloy implant to retain most of its

fatigue strength as compared with the sintered cups. Also,

plasma spray provides good early stability as a result of its

high frictional interface with the adjacent bone and its

closed-pore structure prevents particulate debris migration

[3, 13]. The metal femoral head was the Protasul Cobalt

Chrome Metasul1 alloy [5, 9, 12]. Head diameter was 44 to

50 mm in 164 hips, 52 to 56 mm in 33 hips, and greater than

56 mm in nine hips. The femoral component was the

Anatomic Porous Replacement stem (Zimmer) in 160 hips;

the Zweymüller Alloclassic stem (Zimmer) in 42 hips; and a

cemented Apollo stem (Zimmer) in four hips.

All arthroplasties were performed by three surgeons

(LDD, WTL, MJH). The same postoperative analgesic and

rehabilitation protocol was used in all patients [20].

All patients were operated on using a posterior approach

[16]. The recommended technique was not described as

different from any other cup (Zimmer product brochure).

The instructions described reaming the acetabulum into a

hemisphere. However, we learned quickly the hemispheric

preparation of the acetabulum must be compromised because

the cup is not a hemisphere. The hemispheric reamer was

only partially engaged in the acetabular bone. In 83 hips,

femoral preparation was performed first to estimate the

femoral stem anteversion and the cup anteversion was

adjusted for a combined anteversion of 25� to 45� [10]. In 123

hips, the acetabulum was targeted to 20� to 25� of antever-

sion and prepared first. The Navitrack Imageless Computer

Navigation System (Orthosoft, Montreal, Canada) was used

to intraoperatively assess the cup position for all patients

[27]. The unique features of this technique are as follows: (1)

the acetabulum was reamed with 2-mm graduated hemi-

spheric reamers. Reaming was begun with a reamer size

3 mm smaller than the anticipated cup size. Reamers were

not fully seated because the cup is not a hemisphere. The

lunate bone was usually left partially intact for optimum

bony contact in Zone II [7]; (2) the trial cup of the last reamer

used (50-reamer, 50-cup trial) was placed and inspected

through the slots for bone contact and coverage by bone.

Table 1. Demographics

Parameter Men (61 patients;

70 hips)

Women (119 patients;

136 hips)

Age (years) 55.8 ± 11.6 63.4 ± 10.4

Weight (kg) 80.2 ± 14.6 77.4 ± 11.4

Body mass

index (kg/m2)

28.8 ± 4.3 28.2 ± 6.1

Diagnosis (hips) OA = 53 (60),

DDH = 4 (4),

AVN = 4 (6),

RA = 0

OA = 102 (116),

DDH = 9 (11),

AVN = 5 (6),

RA = 3 (3)

Values are mean ± standard deviation; OA = osteoarthritis; DDH =

developmental dysplasia of the hip; AVN = avascular necrosis of hip;

RA = rheumatoid arthritis.

Fig. 1 Peripheral press-fit of the Durom1 cup may prevent contact

with the prepared acetabular bone, particularly when preparation was

performed with a hemispheric reamer of the same size. The sharp

peripheral fins of the flared cup with a sector angle of 165� do not

permit predictable, repeatable bone preparation, especially with

recommended hemispheric reamers and hemispheric preparation.

Volume 468, Number 2, February 2010 Durom Cup Failure 401

123



Posterosuperior protrusion of the rim (the circumferential

fins were uncovered) by 3 mm was accepted when necessary

to keep inclination at 45� or less. If this trial was tight in the

acetabular cavity, with hard cortical bone, the peripheral

acetabular cortical bone was reamed 1 mm more (51 mm)

for a 50-mm cup to accommodate the flare of 2 mm. If the

trial was grossly loose, we then reamed with a 51- and/or 52-

mm reamer as necessary for a tight fit of the 52-mm trial; (3)

acetabular inclination and anteversion were determined by

touching the rim of the press-fit trial in six spots by computer

navigation. A second option for aligning the cup was to

position a Converge1 cup trial with a holder fitted with

computer navigation optical trackers. Inclination was tar-

geted to 40� and anteversion between 15� and 30� depending

on stem anteversion. Whatever the option used to determine

the desired cup position, a methylene blue mark was made on

the acetabular bone to act as a guide for the holder of the

Durom1 cup; (4) the cup was implanted using the rim

holder. With the cup partially seated, inclination and ante-

version were measured by touching the computer navigation

pointer guide to the rim of the cup. The sound of the mallet

blows and the resistance of the cup were the auditory and

palpatory clues for cup seating. With the holder removed, the

rim was again touched to measure inclination and antever-

sion. In the first 15 hips, if the numbers were not acceptable,

the edge of the cup was hit using a bone tamp and mallet to

improve its position. We determined the peripheral cir-

cumferential fins would cut through bone doing this, so this

technique was abandoned. Thereafter, we accepted inclina-

tion to 50� and anteversion within 5� of the ideal position.

Five cups were not within these parameters, were removed,

and the entire trial and cup placement steps were repeated. If

the press-fit was not rigid, as tested by tapping on the edge of

the cup with a bone tap, we converted to a porous-coated

hemispheric cup with which we could use screws (n = 5);

(5) our goal was coverage of the cup anterosuperior to pre-

vent impingement in flexion/adduction/internal rotation; the

inferior medial edge of the cup should be inside the trans-

verse acetabular ligament to ensure the center of rotation was

not lateralized; (6) the femoral stem was implanted and the

modular head size needed to restore leg length and offset

selected (measured both manually and by computer navi-

gation). Offset had to be sufficient to prevent impingement of

the lesser trochanter to the ischium and the greater trochanter

to the ilium in abduction/external rotation and flexion/

adduction/internal rotation; and (7) an anterior-posterior

pelvis radiograph was taken before the patient left the

operating room to confirm the component positions, leg

length, and offset.

We obtained the Harris hip score [15] preoperatively

and postoperatively at 3 months, 6 months, 1 year, and

2 years and, using a questionnaire independently com-

pleted by all patients, graded their outcome from poor to

excellent. Activity was categorized as unlimited, active

community ambulation (ability to walk six to eight blocks),

limited community ambulation (ability to walk two

blocks), household ambulation (ability to walk in the home

and yard), or wheelchair-bound [11]. We defined clinical

failure as Harris hip score below 70 or self-assessment

grade of fair or poor similar to Blumenfeld and Bargar [2].

Symptoms common in patients with loose cups were per-

sistent weightbearing pain on arising from a seated

position; groin or buttock pain with weightbearing; pain in

straightening up from a bent position; and pain with single-

limb stance (such as putting on pants).

A supine anteroposterior pelvic radiograph centered over

the symphysis pubis and an iliac oblique lateral radiograph

were taken at each clinical followup [24]. Radiographs were

made by the same technicians throughout the study. One

observer (ZW) not involved in the surgery made all radio-

graphic observations. Inclination of the cup was measured

by the method of Callaghan et al. [4] and anteversion by the

modified technique of Ackland et al. [1]. Fixation and

osteolysis of the cup were measured by the zones of DeLee

and Charnley [7]. Cup loosening was diagnosed when any of

the following were present: (1) any evidence of a circum-

ferential radiolucent line of 1 mm or wider; (2) appearance

of a completely new radiolucent line in any zone; (3) pro-

gressive radiolucent line into a new zone; or (4) migration of

the cup by more than 2 mm of vertical or horizontal shift or

change in inclination of more than 5� [2, 25]. Impending

failure was radiographic evidence of loosening without

revision. Femoral radiolucent lines and osteolysis were

reported in each of seven Gruen zones on the anterior-pos-

terior and lateral radiographs [14, 17].

Thirteen patients had the cup and tissue specimens of the

capsule and acetabular membrane of 13 revisions sent to the

J. Vernon Luck Orthopedic Research Laboratory to be

studied by Patricia Campbell, PhD. None of the cups grossly

had bone fixation at revision. Three capsular samples were

sent from the anterior, posterior, and medial acetabulum. The

acetabular membrane was very thin and removed by curette.

Descriptive statistics were performed using SPSS Soft-

ware (SPSS, Chicago, IL) to calculate mean and standard

deviation of all study parameters. No statistical compari-

sons were made.

Results

Unexpectedly, we performed revisions in 29 of the 180

patients (16%) and 30 of the 206 hips (15%) for acetabular

component loosening within 2 years of implantation. All

29 patients with revision had clinical failure (Harris hip

score range 42 to 67). Ten revisions were performed in the

first postoperative year because of clinical failures with

402 Long et al. Clinical Orthopaedics and Related Research1

123



four of these 10 hips having radiographic signs of loos-

ening. Twenty revisions were performed in the second

postoperative year: seven in hips that failed in first year of

followup (six of seven having radiographic signs of loos-

ening) and 13 in 13 new patients who developed clinical

failure in the second year (11 of 13 having radiographic

signs of loosening). Twelve of the remaining 151 patients

had a clinical grade of poor or fair and/or a Harris hip score

less than 70 (clinical failure). One revision was performed

for deep infection successfully treated with two-stage

reimplantation. All 13 retrieved cups examined in detail had

no evidence of bone on the fixation surface. The capsular

tissue had little metal particulate debris and no evidence of

hypersensitivity with no perivascular lymphocytes. The

capsular and acetabular tissue had inflammation. The total

number of clinical failures was 41 of 180 patients (23%).

Twenty-eight of the 151 patients (29 of 176 hips) who had

not been revised had radiographic evidence of impending

failure. Eight patients (nine hips) had both clinical failure

and impending failure. Overall, 21 of 180 patients (11.7%)

with 22 of 206 hips (10.7%) had radiographic failure at the

time of revision; eight patients (eight hips [4%]) had revision

for clinical failure alone. Twenty-eight of 151 patients

(18.5%) with 29 of 179 hips (16.2%) had radiographic

impending failure at final followup. Fifty-five of the 196 hips

(28%) not revised at 1 year postoperatively had gaps or

radiolucent lines and 41 of 78 (52.6%) hips not revised

between 1 and 2 years had gaps or radiolucent lines. During

postoperative Year 1, 16 of 180 patients (16 hips [7.8%]) had

radiographically loose cups with four revised and 12 clas-

sified as impending failure. In the second postoperative year,

three of these 12 patients had revision and 16 new hips in 15

patients developed impending failure. Ten of these had new

radiolucent lines and six had progressive radiolucent lines

(Table 2).

One patient had posterior hip dislocation at 2 weeks,

which was successfully treated with closed reduction.

One hundred thirty of the 180 patients (72%) improved

their function from the preoperative grade. The overall mean

postoperative Harris hip score of 151 unrevised patients at a

mean 1.6-year followup was 87 ± 13 compared with a mean

preoperative score of 45 ± 16.8; the mean Harris pain score

was 40.6 ± 4.3 with 129 of 151 having no pain; the mean

Harris function score for these 151 patients was 41.9 ± 6.6.

Twelve patients (7.9%) used an assistive device with two

bilateral (walker or crutches) and 10 a single device (one

crutch or cane). One hundred twenty-nine patients (146 hips)

were walking unlimited distances; 12 patients (18 hips) were

active community ambulators; five patients (six hips) were

limited community ambulators; three patients (four hips)

were household ambulators; and two patients (two hips) were

wheelchair-bound. During the first postoperative year, 12

patients not revised had a clinical grade of fair or poor or a

Harris hip score less than 70. During the second postopera-

tive year, 11 of these 12 developed radiographic signs of

loosening and seven were revised. In patients not revised

during the second postoperative year, 15 patients with 16

hips developed radiographic impending failure and seven

patients with eight hips became clinical failures.

We observed no osteolysis on either anteroposterior or

lateral radiographs in any zone of any hip. Radiographic cup

inclination was a mean of 41.3� ± 5.4� (range, 28�–52�)

and cup anteversion was a mean of 20.2� ± 7� (range,

13�–36�). Computer navigation inclination was a mean of

37.4� ± 4.3� and anteversion was a mean of 22.8� ± 5.1�
(range, 12�–35�). There was one loose femoral component

because of intraoperative fracture, which was revised.

There were three femoral fractures with one intraoper-

ative and two seen on postoperative radiographs. The

intraoperative fracture was fixed with cables and the frac-

tures seen postoperatively were treated with protective

weightbearing.

Discussion

Large-diameter metal-on-metal articulations were intro-

duced in part to provide better stability and range of motion

than smaller diameter bearings. We therefore asked whether

conventional THA with Durom1 acetabular components

for metal-on-metal articulation and large-diameter femoral

heads would eliminate dislocation and provide functional

scores and low clinical and radiographic failure rates similar

to our historic controls of 28-mm Metasul1 in Converge1

acetabular components. Although the primary aim of the

study was to compare the results, unexpected high rates of

aseptic loosening compelled us to report the study at a very

early stage.

Table 2. Distribution of radiolucent lines in nonrevised Durom hips

RLL pattern around

the Durom cup

At 1-year followup

(total hips = 196)

At 2-year followup

(total hips = 78)

Absent RLL 141 37

Nonprogressive

postoperative gaps

43 12

Progressive postoperative

gaps

2 6

Anteroposterior and lateral

Zone 3 RLL

2 9

Anteroposterior and lateral

Zone 2 RLL

4 8

Anteroposterior and lateral

Zone 1 RLL

3 3

Single-zone anteroposterior

or lateral zone RLL

1 3

RLL = radiolucent line(s).
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The limitation to these results could be our technique.

However, the mean inclination was 41.3� with three cups

above 50� on radiographs and none above 50� by computer

navigation. Mean radiographic anteversion was 20.2� ± 7�
and by computer navigation was 22.8� ± 5.1�. Pathologic

examination of 13 retrieved specimens showed none with

any bone attachment to the fixation surface, which means

the surface either did not promote bone fixation well or was

not in contact with bone as evidenced by Zone 2 gaps. We

had 41 hips with Zone 2 postoperative gaps with 36 of

these persistent at their last followup and 14 had pro-

gressed. The plasma spray fixation surface was untested

and differed from that used outside the United States.

The mechanism of failure of fixation in these cups may

be biologic or mechanical. Biologically, the plasma spray

fixation surface may require nearly perfect contact condi-

tions to conduct bone osseointegration onto it. We did have

129 of 206 (62.6%) hips that had no radiographic gaps or

radiolucent lines and Harris hip scores between 80 and 100

at the end of 1 year. This result is much lower than what

we reported with 54 hips at a mean 3 years of followup

with 28-mm Metasul1 articulations and had 97% patients

with improved function (mean Harris hip score 93) and no

radiographic acetabular component loosening [8], and the

clinical improvement and revision rates at 5 or more years

in three other studies of 35 of 39 hips (90% patients with

Harris hip score greater than 90 and no radiographic

loosening) [22], 95 of 98 hips (97% patients with improved

clinical results in terms of pain, range of motion, function,

and no acetabular component loosening) [6], and 56 of 60

patients (93% with Harris hip score greater than 90 and no

acetabular component loosening) [18]. The clinical and

radiographic findings were not the same as the previously

reported rapid failure of the InterOp1 cup (Sulzer, Austin,

TX) [2, 21]. InterOp1 cups had rapid progressive radio-

lucent lines and cup migration as early as 6 weeks

postoperatively. The Durom1 cups had absent radio-

graphic evidence of loosening in six of 10 cups revised in

the first postoperative year. The pathology of the InterOp1

cup failures was consistent with biologic failure [2].

The mechanical design has features similar to a threaded

cup with a flare design, which can concentrate fixation at

the rim. The rim fixation is only the uncoated sharp fins.

The flare design may prevent the fixation surface from

contact throughout prepared acetabular bone. Using

reamers that do not match the shape of the cup compounds

this risk (Fig. 1). Preferential peripheral contact in a less

than hemispheric cup may have created a cantilever-type

effect with micromotion of the fixation surface with max-

imum motion at the dome, particularly with a Zone 2 gap.

The mechanical fit and stability of the cup was not studied

in cadaver bones by the company who manufactured it.

Our experience with this cup has educated us that future

use of new products must be supported with biologic proof

of fixation with the fixation surface used; cadaver studies

that show sectioning of the bone-implant construct for

evidence of total contact of implant to bone with the rec-

ommended preparation; and mechanical studies that show

stability of the implant within bone. These testing require-

ments would have likely exposed the design and technically

demanding features of this implant. In addition, the

designing surgeons should provide validated clinical data

with a minimum 1-year followup as soon as possible.

Companies must be quick to admit product failure. These

authors have experienced two cup design failures (Interop1

and Durom1) and in both situations, the company blamed

the technique of the surgeon for months before admitting to

a product problem. A national registry would protect sur-

geons from companies deflecting blame onto the technique.

We do not recommend use of the Durom1 implant.
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