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Abstract Total hip arthroplasty (THA) in young patients

has a high loosening rate, due in part to acetabular defor-

mities that may compromise bone fixation and

polyethylene wear. We therefore asked whether wear or

osteolysis and loosening differ in patients under 40 years of

age with alumina-on-alumina THA compared to those who

are older. We prospectively followed 56 patients (63 hips)

younger than 40 years (Group 1) and 247 patients (274

hips) older than 40 (Group 2) who had an alumina-on-

alumina THA. The minimum followup was 4 years (mean,

5.6 years; range, 4–9 years). The two groups differed in

various features: there were no patients with primary

osteoarthritis in Group 1 and they had worse preoperative

function and range of mobility, while weight, activity level,

and implant size were greater in Group 2. The survival rate

for cup loosening at 80 months postsurgery was 90.8%

(95% confidence interval, 82.9–98.6%) for Group 1 and

96.5% (95% confidence interval, 94.2–98.7%) for Group 2.

Cup loosening was less frequent with primary osteoarthritis

than with severe developmental dysplasia of the hip.

Although an alumina-on-alumina THA provided similar

midterm survival and radiographic loosening in both age

groups, the preoperative diagnosis seems more important

than age for outcome. Continued followup will be required

to determine if the alumina-on-alumina bearings in young

patients result less risk of osteolysis and loosening.

Level of Evidence: Level IV, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Performing total hip arthroplasty (THA) in patients

younger than 40 remains a concern. Both patients with

secondary arthritis and those who are active are at risk due

to their substantially higher revision rates of more than

90% at 20 years of followup in patients older than 40 years

of age, and less than 70% in younger patients [14–16, 24,

28, 32, 37, 50]. Although other options, such as osteotomy

and hip resurfacing, have been considered, THA is still the

most frequent indication for a great number of cases and

surgeons [15, 16, 32, 36, 37, 43]. However, poor long-term

survival has been described with both cemented and

uncemented cups in this population because of high wear in

conventional polyethylene and loosening rates [25]. While

both cemented and uncemented femoral stems usually

provide better fixation [15, 16, 23, 34, 36, 37, 47, 50],

different options are used to decrease wear and conse-

quently osteolysis with alternate bearing surfaces including

new highly cross-linked polyethylene, metal-on-metal, and

alumina-on-alumina. Since the latter was introduced in the

early 1970s by Boutin, minimal wear has been reported
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[26, 45, 46]. The same group reported unmeasurable alu-

mina wear and lower rates of liner rupture in young

patients if bone fixation was adequate [2–4, 42, 45, 46].

THA in patients younger than 40 years old also presents

another challenge related to the preoperative diagnosis.

Developmental dysplasia and posttraumatic and inflam-

matory conditions may produce insufficient bone stock

and/or anatomic abnormalities requiring complex acetab-

ular reconstruction that increases surgical difficulty and the

risk of revision [12, 16, 17, 33, 39, 41, 46].

We asked (1) whether modern alumina-on-alumina

bearing surfaces matched with metal-backed sockets would

have comparable revision rates in patients younger and

older than 40 years old; (2) whether preoperative condi-

tions other than primary osteoarthritis, such as arthritis

secondary to developmental diseases, (Perthes-Legg-Calvé

disease and slipped capital femoral epiphysis), to moderate

or severe developmental dysplasia of the hip, or to

inflammatory conditions would be more important than age

and would influence the clinical and radiographic outcome

and rates of cup loosening in our patients. Finally, we

report the incidence of osteolysis, radiolucent lines and

femoral head penetration into the alumina liner as well as

all the complications, liner fractures and noises, related to

this alternate bearing surface.

Material and Methods

We prospectively followed 309 patients with 343 primary

uncemented Cerafit1-Multicone hydroxyapatite (HAP)

prostheses (Ceraver Osteal, Roissy, France) implanted

between January 1999 and December 2003 in four insti-

tutions (Hospital La Paz de Madrid, Hospital General

Yagüe de Burgos, Hospital Cabueñes de Gijon, and Hos-

pital Provincial de Castellon). All procedures were

performed by four high-volume (more than 50 cases per

year) hip arthroplasty surgeons (EGC [author], and ABP,

AMM and EM). In most patients, the choice of the alu-

mina-on-alumina coupling was based mainly on age (less

than 70 years old), but in a few active patients between 70

and 72 years old (10 patients) we implanted the same

system. Of the 343 hips, we excluded six: one hip with a

deep infection 27 months postoperatively in a 70-year-old

woman (0.29%); one hip with a cup revision after a post-

traumatic acetabular fracture at 27 months postsurgery in a

40-year-old man; one hip with a femoral stem revision after

a periprosthetic fracture at 11 months after surgery in a

53-year-old man; and three patients (three hips) who died

from nonimplant-related causes: lymphoma at 36 months

postoperatively in a 59-year-old man; kidney cancer at

42 months postoperatively in a 63-year-old man; and rectal

cancer at 35 months postoperatively in a 60-year-old man.

The THA was functioning well in all three cases. The

remaining 337 hips formed the basis of the followup study.

Fifty-six patients (63 hips) were less than 40 years old

(Group 1) and 247 patients (274 hips) were older than

40 years (Group 2). The mean age was 30.7 years (range,

14–40 years) in Group 1 and 57.9 years in Group 2 (range,

41–72 years). (We did not perform an a priori power

analysis to assess number of patients required to discern

differences in some key variables.) Patients were divided

into five groups regardless of age: Group A included pri-

mary osteoarthritis, posttraumatic arthritis and avascular

necrosis (233 hips); Group B included developmental

arthritis (19 hips); Group C arthritis included secondary

moderate developmental dysplasia according to Crowe

et al. [6] (30 hips); Group D included arthritis secondary to

severe developmental dysplasia [6] (13 hips); and Group E

included inflammatory arthritis (42 hips). We recorded the

gender, weight, and preoperative diagnosis. The minimum

clinical and radiographic followup at the last evaluation

was 4 years in nonrevised cases (mean, 5.6 years; range,

4–9 years). No patients were lost to followup.

There were no differences in gender distribution

between groups (Table 1). There were 41 male patients

(65.1%) and 22 female patients (34.9%) in Group 1 versus

163 male patients (59.5%) and 111 female patients (40.5%)

in Group 2. Mean weight was greater in Group 2. There

were no cases of primary osteoarthritis in Group 1, in

which avascular necrosis of the femoral head, severe

developmental dysplasia (as judged by the criteria of

Crowe et al. [5]), and rheumatoid arthritis were more fre-

quent. Preoperative function (p = 0.03) and range of

mobility (p \ 0.001) were worse in younger patients

(Table 2).

Table 1. Patient data (preoperative diagnosis)

Diagnosis Group 1

N = 63

Group 2

N = 274

Primary osteoathrosis 0 (0%) 135 (49.3%)

Developmental arthritis

(Legg-Calvé-Perthes,

slipped capital femoral

epiphysis)

6 (9.5%) 13 (4.7%)

Posttraumatic arthritis 2 (3.2%) 23 (8.4%)

Congenital dysplasia

(Crowe Grades I–II)

4 (6.3%) 26 (9.5%)

Congenital dysplasia

(Crowe Grades III–IV)

8 (12.7%) 5 (1.8%)

Inflammatory arthritis 19 (30.2%) 23 (8.4%)

Avascular necrosis 23 (36.5%) 48 (17.5%)

Septic arthritis 1 (1.6%) 0 (0%)

Acromegaly 0 (0%) 1 (0.4%)

p \ 0.001, linear-by-linear association.
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We implanted a Cerafit1-Triradius press-fit cup (Cer-

aver), a fully HAP-coated TiAl6V4 rough shell with

optional screws fitted with an Al2O3 liner, in every hip. The

cup was paired to an uncemented Multicone stem (Cer-

aver), a fully HAP-coated tapered straight stem that has a

rectangular geometry and is made of TiAl6V4. The liner

was inserted using a Morse taper shape with an angle of

58400. Its purpose was to achieve better fixation and

decrease the risk of liner dislocation. Characteristics of the

alumina were 99.8% purity, 3.98 density, 2-lm grain size,

and hipped in all cases. The HAP coating was applied by

plasma spray, and according to the manufacturer’s speci-

fications, the coating had a relative crystallinity of

37%, thickness of 80 ± 20 lm, bond shear strength of

15/25 MPa, and mean roughness of 3 lm. Regarding stem

and shell surface finish, the arithmetic rugosity Ra beneath

HAP was 3 to 4 lm.

All operations were performed with the same technique

using a posterior approach. However, femoral head auto-

graft taken from the femoral head was used in 13 hips

(20.6%) in Group 1; autograft was used as segmental

reinforcement in developmental dysplasia in three hips and

as acetabular medial wall reinforcement using an impacted

morselized autograft bone in 10 hips with acetabular pro-

trusion. This last technique was used in eight hips (2.9%)

with acetabular protrusion in Group 2. With a cup diameter

of less than 50 mm, the femoral head diameter must be

28 mm. The minimum ceramic liner thickness was 4.2 mm

for 46-mm (28-mm femoral head) and 50-mm (32-mm

femoral head) shells and 6.2 mm for 48-mm (28-mm

femoral head) and 52-mm (32-mm femoral head) shells

(Table 3). We recorded the cup and stem sizes, the use of

screws for the acetabular component, and femoral sizes for

each patient group. Acetabular cup and femoral stem sizes

were greater in Group 2. A small femoral head (46 or

48 mm) was used more frequently in Group 1.

Postoperatively, all patients received antibiotics and

low-molecular-weight heparin subcutaneously to prevent

thromboembolic incidents. At 2 days after surgery patients

were walking with crutches for toe-touch partial weight

bearing for 3 weeks. Thereafter they were allowed to

weight bear as tolerated using two crutches for the next

6 weeks.

We followed patients postdischarge at 6 weeks, at 3, 6,

and 12 months, and annually thereafter. Surgeons from

different institutions (EGC, ABP, AMM, and EM) clini-

cally evaluated preoperative and postoperative pain,

function, and range of mobility using the six-level scales

described by Merle D’Aubigné and Postel [39]. Patients

were also asked about the location of pain.

Standard anteroposterior radiographs of the pelvis and

lateral radiographs of the hip were obtained preoperatively,

immediately after the operation, and at each followup visit.

The patient was positioned supine, with his/her feet toge-

ther. The xray tube was positioned over the symphysis

pubis 1 m from and perpendicular to the table with a

symmetric obturator foramen and visible lesser trochanter

and iliac crest. Measurements were made by a single author

(EGR) not involved in the surgery. Cup position was

assessed according to the acetabular abduction angle, the

height of the center of the hip (as measured from the center

of the femoral head to the interteardrop line), and the

horizontal distance of the cup (measured from the center of

the femoral head to the Köhler line [29]. The distribution of

any radiolucent gaps on the initial postoperative radiograph

and of radiolucent lines or osteolysis at the acetabular

Table 2. Preoperative and postoperative clinical results according to

the Merle D’Aubigné and Postel scale [39]

Group 1 Group 2 p Values

Preoperative Rating

Pain 2.5 ± 0.8 2.7 ± 0.9 0.072

Function 2.8 ± 1.1 3.1 ± 1.0 0.038

Range of mobility 2.5 ± 0.9 2.8 ± 0.9 0.015

Postoperative Rating

Pain 5.9 ± 0.6 5.8 ± 0.5 0.309

Function 5.8 ± 0.7 5.8 ± 0.5 0.613

Range of mobility 5.6 ± 0.8 5.7 ± 0.6 0.944

Mean ± standard deviation.

Table 3. Size of cups and number of hips in which screws for cup fixation were used

Variable Group 1 Group 2 p Values

Mean cup 51.8 ± 3.2 53.1 ± 3.3 0.011

Mean stem 9.4 ± 1.7 10.1 ± 1.8 0.005

Screws for cup fixation (hips)

No screws 38 (60.3%) 184 (67.2%) p = 0.306

Screws 25 (39.7%) 90 (32.8%) Fisher’s exact test

Femoral head size (hips)

28-mm (shell, 46 and 48-mm) 13 (20.6%) 24 (8.8%) p = 0.012

32-mm (shell, more than 48 mm) 50 (79.4%) 250 (91.2%) Fisher’s exact test
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bone-prosthesis interface on the subsequent radiographs

was recorded in the three zones described by DeLee and

Charnley [8]. We judged radiographic bone ingrowth into

an acetabular component by indirect inference based on (1)

the absence of radiolucent lines around the cups of at least

2 mm and (2) cup tilting greater than 5� or superior

migration greater than 3 mm [40]. Linear femoral head

penetration was recorded according to the method of Kim

et al. [33, 34] using scanned digitized radiographs and

analyzed with a software package (AutoCAD 2000;

AutoDesk Inc, Sausalito, CA) [18]. The 6-week post-

operative radiograph was used as initial reference for

subsequent measurements.

Femoral canal filling, measured as the ratio of the width

of the stem to the width of the medullary canal, was deter-

mined at two levels: Level A (at the middle of the stem) and

Level B (1 cm proximal to the tip). The distribution of any

radiolucent lines or osteolysis as seen on the anteroposterior

radiographs was recorded in the zones described by Gruen

et al. [21]. Osteolysis was classified according to the criteria

described by Goetz et al. [20]. Subsidence was defined as a

decrease of at least 5 mm in the distance between the top of

the stem and the greater trochanter when the initial post-

operative radiographs were compared to those made at the

followup evaluations. Femoral osteopenia due to stress

shielding was graded according to the system described by

Engh et al. [11]. Femoral component fixation was graded as

radiographic ingrowth, fibrous stable, or unstable according

to the criteria for porous prostheses described by Engh et al.

[12]. Postoperative acetabular cup position and femoral

canal filling were similar in both groups (Table 4). Forty-six

hips had cup lucency on the initial postoperative radiograph

in nonrevised cases.

Qualitative data (ie, gender, activity level, preoperative

diagnosis, and implant size) are expressed as counts and

percentages within groups and quantitative data by

mean ± standard deviation or range. Qualitative data

between the two groups were compared with use of the chi

square test or Fisher’s exact test, and quantitative data

(postoperative acetabular abduction angle, horizontal

and vertical cup position) with the Mann-Whitney test.

Kaplan-Meier survivorship analysis [30], with 95% confi-

dence intervals, was used to estimate the cumulative

probability of not having a revision of one or both pros-

thetic components and to estimate the cumulative

probability of not having cup loosening in the whole series.

Differences in survival were determined using the log-rank

test. Cox regression analysis was used to detect possible

survival differences between different diagnoses nonad-

justed by age and adjusted by age.

Results

The cumulative probability of not having a revision at

80 months postsurgery was similar (p = 0.2694) for Group

1 (93.7%, 95% confidence interval, 86.7%–100%) and

Group 2 (97.7%, 95% confidence interval, 95.9%–99.5%)

(Fig. 1). At last followup, we had revised eight cups: six

Table 4. Postoperative radiographic data

Variable Group 1 Group 2 p Values

Acetabular cup position Mann-Whitney test

Acetabular abduction angle (degrees) 46.5 ± 4.4 46.5 ± 5.6 0.834

Horizontal position (mm) 32.4 ± 7.3 33.5 ± 6.4 0.171

Vertical position (mm) 22.5 ± 6.8 21.6 ± 7.0 0.482

Femoral canal filling (%) Pearson’s chi square test

Level A 83.1 ± 7.5 83.1 ± 6.7 0.848

Level B 89.8 ± 8.7 91.1 ± 8.6 0.363

Level C 85.4 ± 10.1 87.5 ± 8.4 0.194
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Fig. 1 A graph shows Kaplan-Meier survivorship curves comparing

the cumulative probability of not having a cup revision for aseptic

loosening in patients younger and older than 40 years. Cross lines

represent censored hips. Ranges represent the 95% confidence intervals.
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for loosening (two in Group 1 and four in Group 2), one for

an acetabular periprosthetic fracture after a high-energy

trauma, and one for an alumina liner fracture occurring

from a fall 40 months after the operation. The cup with the

liner fracture had a 50-mm outer-diameter cup (4.2-mm

alumina liner) and a 358 acetabular abduction angle. Of the

six cups revised for loosening, two had loosened because of

poor press-fit (Table 5). We revised three stems, one for

infection and two for aseptic loosening (one in a patient

with acromegaly after implanting a very thin stem, which

resulted in early subsidence, and one owing to a peripros-

thetic fracture from a fall 2 months after surgery).

The risk of cup loosening increased in patients with

developmental arthritis (hazard ratio = 8.1), moderate

developmental dysplasia (hazard ratio = 8.7), severe

developmental dysplasia (hazard ratio = 16.2), and

inflammatory arthritis (hazard ratio = 7.8). The increased

odds based on diagnosis were similar for both age groups

(Table 6).

The cumulative probability of not having radiographic

cup loosening as an end point at 80 months postsurgery

was similar (p = 0.0974) for Group 1 (90.8%, 95% con-

fidence interval, 82.9%–98.6%) and Group 2 (96.5%, 95%

confidence interval, 94.2%–98.7%) (Fig. 2). At last fol-

lowup there were eight radiographically loosened cups that

had not been revised, five of which had radiolucency in two

DeLee zones (two in Group 1 and three in Group 2, one of

the latter also had cup migration), and three hips had cir-

cumferential lucency (one in Group 1 and two in Group 2)

at 5 years postoperatively. Eleven of the 14 patients with

radiographically loose hips (whether revised or not) were

women. A larger abduction acetabular angle was more

frequent (p = 0.068) in the loosened cup group; the mean

angle was 52.88 ± 14.4� in this group, whereas the mean

angle was 46.28 ± 4.6� in the nonloosened cup group.

One patient had intermittent pain in the thigh during the

first year after surgery. At the last followup evaluation,

there was one hip with Level 4 pain, 27 hips with Level 5

Table 5. Data on loosened cups

Case Age Group Gender Diagnosis Acetabular

anatomy

Cup size

(mm)

Head diameter

(mm)

Screws Abduction

angle (�)

Cup loosening

(months)

Revision cup

(months)

1 59 2 Female RA A 54 32 yes 55 28 no

2 67 2 Female OA B 50 32 no 55 48 no

3 64 2 Female Dysplasia A 46 28 no 45 25 46

4 39 1 Female Dysplasia C 48 28 yes 40 14 no

5 52 2 Male Legg-Calvè-Perthes B 48 28 no 55 1* 6

6 45 2 Female RA A 50 32 yes 75 12* 16

7 53 2 Male Avascular necrosis B 56 32 no 45 10 no

8 21 1 Female RA A 52 32 yes 52 22 no

9 46 2 Female Dysplasia C 52 32 yes 55 20 29

10 28 1 Female Legg-Calvè-Perthes B 56 32 yes 50 60 68

11 34 1 Male Dysplasia B 54 32 no 45 38 47

12 29 1 Female Dysplasia C 46 28 no 45 36 no

13 60 2 Female OA B 52 32 no 45 48 no

14 62 2 Female RA A 54 32 yes 42 36 no

RA = rheumatoid arthritis; * = poor pressfit.

Table 6. Cox regression analysis (nonadjusted and adjusted by age) of time to cup loosening according to preoperative diagnosis

Group Nonadjusted by age Adjusted by age

Hazard ratio 95% C.I. HR p Values Hazard ratio 95% C.I. HR p Values

A 1 1

B 8.117 1.356–48.589 0.022 8.742 1.362–56.100 0.022

C 8.757 1.766–43.419 0.008 9.035 1.796–45.452 0.008

D 16.183 2.686–97.497 0.002 17.833 2.637–120.594 0.003

E 7.835 1.753–35.021 0.007 8.610 1.697–43.694 0.009

Age – – – 1.006 0.966–1.048 0.774

Group A: Primary osteoarthrosis, posttraumatic arthritis, and avascular necrosis; Group B: Developmental arthritis; Group C: Moderate con-

genital dysplasia; Group D: Severe congenital dysplasia; Group E: Inflammatory arthritis. 95% C.I. HR: 95% confidence interval hazard ratio.
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pain, and 298 hips with Level 6 pain among the nonrevised

hips. Although mean preoperative ranges of function and

range of mobility were worse in Group 1 than in Group 2,

mean postoperative ranges were similar in both groups We

did not observe differences between the four institutions

with the number of available hips (Table 3). No patient

spontaneously reported any hip noise and none reported hip

noises when specifically questioned. There was no osteol-

ysis around any component. There were no instances of

Grade 2 or higher proximal femoral osteopenia or cortical

widening in any case. With the available technology we

could not detect radiographic penetration of the femoral

head into the alumina liner after the 6-week postoperative

reference radiograph in any hip.

Discussion

Wear is the most important factor limiting long-term

results in THA [4, 19, 23, 25, 32–34]. Alternative bearing

surfaces, such as the new highly cross-linked polyethylene,

metal-on-metal and ceramic-on-ceramic, are being specif-

ically used for young patients [4, 7, 42, 43]. This

population presents several problematic conditions other

than wear, such as developmental dysplasia of the hip and

inflammatory disease and, since these preoperative diag-

noses are different from those in older people, bone fixation

in the former might be limited by bone deficiencies [13–16,

27, 31, 35, 42, 44, 49]. We asked whether modern alumina-

on-alumina bearing surfaces matched with metal-backed

sockets would have comparable revision rates in patients

younger and older than 40 years old. We then asked

whether preoperative diagnoses would be more important

than age and would influence the survival and cup loos-

ening. Finally, we report the incidence of osteolysis,

radiolucent lines and femoral head penetration into the

alumina liner as well as all the complications, liner frac-

tures and noises, related to this alternate bearing surface.

There were several limitations, including the relatively

small available study cohort, especially in Group 1. In

some diagnoses, this resulted in very wide confidence

intervals for some groups. Secondly, each group has sub-

jects with different diagnoses so the short followup and the

small number of patients limited our ability to generate

conclusions, especially in relation to different diagnoses

and cup loosening. Our conclusions should therefore be

considered preliminary.

Our data suggest that patients younger than 40 years old

have different diagnoses than older patients. Despite these

differences, a Cerafit1 alumina-on-alumina THA provides

similar midterm survival in patients younger and older than

40 years old. Bizot et al. [2] reported less than 95% sur-

vival at 7 years in patients younger than 40 years of age

using different sockets and suggested that an improvement

in acetabular fixation was needed to increase survival rates.

The same group reported 98.4% survival rate for aseptic

loosening in patients younger than 55 years using a press-

fit metal-backed cup [3]. Nizard et al. [42] reported 13%

revision for aseptic loosening in a series of patients

younger than 30 years using the same prosthesis. Poor

survivorship was observed in THA performed after sec-

ondary arthritis related to a slipped capital epiphysis or

trauma. The main reason for failure in the Nizard et al. [42]

study was aseptic loosening of the acetabular component.

We also observed a relatively high failure rate for cup

loosening using this acetabular component. The socket has

a HA coated rough surface but is not tridimensional, the

manufacturer has recently improved bone fixation by

adjusting surface and alumina liner width. In the new shells

(implanted since 2004) the titanium alloy shell is 3 mm

instead of 5 mm thick, and this has made it possible to

increase the alumina insert thickness by 2 mm, conse-

quently improving the mechanical resistance. Moreover,

the outer macrostructure of the new shells also provides a

larger contact area for osteointegration thus further

enhancing secondary stability.

The main reason for failure in our series using the press-

fit metal-backed shell was aseptic loosening of the ace-

tabular component; this observation confirms that of other

series [3, 15, 42]. Earlier studies of a young population

noted the higher risk for THA revision, especially cup

revision (Table 7). An association between early loosening

of the acetabular cup and deficient acetabular bone struc-

ture has been reported previously [17, 19]. Fixation of a

HAP cup remains difficult in dysplasia even when the
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Fig. 2 A graph shows Kaplan-Meier survivorship curves comparing

the cumulative probability of not having an aseptic cup loosening in

patients younger and older than 40 years. Cross lines represent

censored hips. Ranges represent the 95% confidence intervals.
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surgeon uses screws and a small cup; and this is true

whatever the age of the patient. High rates of loosening

have been reported in patients who had developmental

dysplasia [5, 27, 41, 44, 48] and in patients who had

rheumatoid arthritis; loosening was ascribed to poor bone

quality and the rheumatoid disease [13–15, 17, 31, 35, 44,

49]. The original poor bone quality in these patients can

result in insufficient cup fixation. These observations

indicate that, when necessary, the acetabulum must be

reconstructed with grafts or metallic devices, when nec-

essary, before a cup can be implanted to ensure sufficient

fixation.

Although the followup of this series is too short to allow

definite conclusions, the Cerafit1 alumina-on-alumina

THA provided similar midterm survival in the older and

younger groups. Cup loosening was the main concern in

both groups. Failure of a HAP-coated cup is more fre-

quently associated with dysplasia than with the patient’s

age, even when screws and a small cup are used. The

preoperative diagnosis seems more important than age for

outcome. Continued followup will be required to determine

if the alumina-on-alumina bearings in young patients result

in less osteolysis and loosening. As we have no power

analysis, we consider this a preliminary study to generate

hypotheses.
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