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Cementless Metaphyseal Fitting Anatomic Total Hip
Arthroplasty with a Ceramic-on-Ceramic Bearing
in Patients Thirty Years of Age or Younger
Young-Hoo Kim, MD, Jang-Won Park, MD, and Jun-Shik Kim, MD
Investigation performed at The Joint Replacement Center, Ewha Womans University School of Medicine, Seoul, South Korea

Background: The number of midterm or long-term studies on the current generation of cementless total hip replacements with alumina-on-alumina ceramic bearings in patients younger than thirty years of age is limited. The purpose of this
study was to evaluate the midterm results of the cementless metaphyseal fitting anatomic total hip prosthesis in patients
younger than thirty years of age, with a particular emphasis on the prevalence of thigh pain, resorption of bone due to
stress-shielding of the proximal part of the femur, aseptic loosening, and osteolysis.
Methods: We reviewed the cases of ninety-six patients (127 hips) who had a cementless total hip arthroplasty when they
were thirty years or younger at the time of surgery. All surgical procedures were performed by a single surgeon. The most
common diagnoses were osteonecrosis (54.3%) and developmental dysplasia of the hip (20.5%). Demographic data, the
Harris hip score, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), and University of California,
Los Angeles (UCLA) activity scores were recorded. Radiographic evaluation was used to evaluate implant fixation and
osteolysis. The minimum follow-up interval was ten years (mean, 14.6 years; range, ten to sixteen years).
Results: The mean preoperative Harris hip score, WOMAC score, and UCLA activity score were 41 points, 66 points, and
3 points, respectively. At the time of final follow-up, the mean Harris hip score, WOMAC score, and UCLA activity score
were 95 points, 16 points, and 8 points, respectively. No patient had thigh pain after one year postoperatively. All of the
femoral stems and all but one of the acetabular components were well-fixed at the time of final follow-up. No hip exhibited
squeaking, ceramic fracture, loosening, or osteolysis at the time of the final follow-up.
Conclusions: These results in patients thirty years of age or younger suggest that the cementless metaphyseal fitting
anatomic total hip prosthesis provides outstanding midterm fixation and substantial pain relief well into the second decade
postoperatively. Moreover, the alumina-on-alumina ceramic bearing provides a high rate of survivorship without osteolysis.
Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

O

ne of the reasons for introducing the cementless total
hip arthroplasty was to decrease the rate of aseptic
loosening. The prevalence of aseptic loosening of the
femoral component in patients with cementless total hip replacements has been reported to be low, with revision-free
survival of almost 100% at ten years1-5. These data are in
agreement with the low prevalence of aseptic loosening of cementless total hip replacements that has recently been described in many studies6-10. Although mechanical fixation of
cementless total hip arthroplasty components was improved

markedly, the prevalence of osteolysis was increased as polyethylene wear rates increase in young patients11,12.
Strategies to reduce wear have focused on improvements in
the bearing surface. In vitro testing has confirmed that ceramicon-ceramic bearings have the lowest wear rates of all tested
couples13 and would seem best suited to the highly active and
young patients in whom long-term wear is a concern. Studies of
newer ceramic bearings in patients with early to intermediateterm clinical follow-up have described low rates of revision and
few reports of wear, periprosthetic bone loss, or osteolysis14,15.
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One study of cementless total hip arthroplasty with ceramic-onceramic bearings in patients younger than forty-five years with
an intermediate activity level demonstrated insignificant thigh
pain together with an absence of osteolysis and aseptic loosening
of the components on radiographs16.
The midterm and long-term published data on the current generation of cementless total hip arthroplasties with an
alumina-on-alumina ceramic bearing in highly active patients
younger than thirty years of age are limited. The purpose of the
current study was to evaluate the midterm results of the use of
the cementless anatomic metaphyseal fitting stem in highly
active patients younger than thirty years of age.
Materials and Methods
Patients

B

etween March 1995 and April 2001, 137 total hip arthroplasties with alumina ceramic-on-alumina ceramic bearings were performed in 106 patients who were thirty years of age or younger; thirty-one patients had a bilateral
total hip arthroplasty. Patients were excluded if they were older than thirty years
of age or had either a follow-up interval of less than ten years or other alternative procedures, including osteotomy or bone graft. A total of ten patients
(ten hips) were lost to follow-up prior to two years of follow-up. No patient
died. Therefore, 127 hips in ninety-six patients were available for clinical and
radiographic evaluation at a mean of 14.6 years (range, ten to sixteen years).
The study protocol, including the consent forms, was approved by the institutional review board at our institution. Three patients in this cohort had been
16
previously reported in another publication .
The study group comprised sixty-two male and thirty-four female
patients. The mean age (and standard deviation) at the time of surgery was 24 ±
5 years (range, nineteen to thirty years). The mean body weight was 64 ± 13 kg
(range, 44 to 111 kg), and the mean height was 167 ± 9 cm (range, 150 to 183 cm).
The mean body mass index was 26 ± 4 kg/m2 (range, 22 to 36 kg/m2). The preoperative diagnosis was femoral head osteonecrosis for sixty-nine hips (54.3%),
developmental dysplasia of the hip for twenty-six (20.5%), traumatic arthritis
for thirteen (10.2%), postinfectious ankylosis for twelve (9.5%), rheumatoid
arthritis for three (2.4%), multiple epiphyseal dysplasia for two (1.6%), and
childhood pyogenic arthritis for two (1.6%). The mean duration of follow-up
was 14.8 years (range, ten to sixteen years). The presumed cause of the osteonecrosis was alcohol abuse in forty-nine (71%) of the sixty-nine hips, idiopathic
in eleven (16%), chronic corticosteroid treatment for bronchial asthma or skin
disease in eight (12%), and posttraumatic in one hip (1%). No patient with
alcohol or corticosteroid-induced osteonecrosis had an associated severe
medical problem17-21.

Surgical Procedure
All procedures were performed by the senior author (Y.H.-K.) through a
posterolateral surgical approach to the hip. A cementless Duraloc acetabular
component (DePuy, Warsaw, Indiana) was used in all hips. These components
were press-fit after the acetabulum had been underreamed by 1 mm. One or
two screws were used for additional cup fixation in twenty-one hips (17%); the
remainder did not require any screws. An alumina ceramic liner with a 28-mm
internal diameter (BIOLOX-forte; CeramTec, Plochingen, Germany) was used
in all hips regardless of the external diameter of the acetabular component,
which ranged from 48 mm to 58 mm. The acetabular component was fixed with
an inclination angle between 40° and 45° and anteversion between 20° and 30°.
All patients received an Immediate Postoperative Stability cementless anatomic
femoral component (IPS; DePuy, Leeds, United Kingdom) with a 28-mm
alumina forte ceramic modular head (BIOLOX-forte; CeramTec). There was a
satisfactory fit of this femoral stem in all patients.
The patients were allowed to stand on the second postoperative day, and
then progressed to full weight-bearing with crutches as tolerated. They were
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advised to use a pair of crutches for six weeks and walk with a cane thereafter as
needed.

Clinical and Radiographic Evaluation
Clinical and radiographic follow-up examinations were done at three months,
22
one year, and yearly thereafter. The Harris hip score and the Western Ontario
23
and McMaster Universities Osteoarthritis Index (WOMAC) score were determined before surgery and at each follow-up examination. Patients scored
thigh pain on a 10-point visual analog scale (with 0 indicating no pain and 10,
severe pain). The level of activity of the patients after the total hip arthroplasty
was assessed with use of the University of California, Los Angeles (UCLA)
24
activity score . We defined a limp as mild if patients moved their trunk and
head <5 cm over the affected hip; moderate, when they moved 5 to 10 cm; and
severe, when they moved >10 cm prior to the stance phase of gait.
The occurrence of any clicking or squeaking sound emanating from the
ceramic-on-ceramic bearing was recorded.
The radiographs were analyzed by a research associate who had no
knowledge of the patient’s identity. A supine anteroposterior radiograph of the
pelvis with both hips in neutral rotation and no abduction was made for every
patient (see Appendix). Anteversion of the acetabular component was measured on the lateral radiograph of the hip as the angle between the horizontal
line where the film cassette rested on the x-ray table and a second line marking
the plane of the opening of the acetabular component.
Loosening of the femoral component was defined as a progressive axial
25
subsidence of >3 mm, or a varus or valgus shift of >3° . Definite loosening of
the acetabular component was diagnosed when a change in the position of the
component (>2 mm vertically and/or medially or laterally) or a continuous
radiolucent line of >2 mm on both the anteroposterior and the lateral radio26
graphs was seen . Bone ingrowth into the acetabular component was considered to have occurred when there was direct contact of the trabecular bone of
the acetabulum and the acetabular component.
The sites of any osteolysis in the acetabulum were recorded according to
27
the classification of DeLee and Charnley and those in the femur, by the
28
classification of Gruen et al. . Osteolysis was defined as any discretely localized
radiolucency that had been absent on radiographs made immediately after the
total hip arthroplasty. Proximal femoral bone resorption was graded radio29
graphically . Measurement of the linear wear of the alumina ceramic liner was
30
attempted but was below the level of detection by the method of Kim et al. .
Heterotopic ossification, if present, was graded according to the clas31
sification of Brooker et al. .

Statistical Analysis
32

Kaplan-Meier survival analysis was used to estimate the probability of retention
of the total hip replacement in relation to revision for any reason and included the
entire cohort. Ninety-five percent confidence intervals were calculated.

Source of Funding
No external funding was received for this study.

Results
Clinical Results
Hip Score

T

he mean preoperative Harris hip score was 41 points
(range, 9 to 53 points), which improved to a mean of 95
points (range, 71 to 100 points) at the time of the final followup. The mean WOMAC score was 66 points (range, 39 to 85
points) preoperatively and 16 points (range, 3 to 30 points) at
the time of the final follow-up.

Functional Outcome

Dependence on walking aids and limping had decreased substantially by the time of the final follow-up. At the latest followup, seventy-eight patients (81%) had no detectable limp, fifteen
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Osteolysis
TABLE I Clinical Results

No hip displayed femoral or acetabular osteolysis on the
radiographs.

Parameter

Preop.

Postop.

Harris hip score* (points)

41 (9 to 53)

95 (71 to 100)

Survivorship

Pain score* (points)

12 (0 to 31)

43 (38 to 44)

Function* (points)

30 (0 to 40)

52 (30 to 56)

WOMAC score* (points)

69 (39 to 85)

16 (3 to 30)

No femoral or acetabular component was revised because of
aseptic loosening. One acetabular component (0.8%) was revised because of recurrent dislocation. Kaplan-Meier survivorship analysis32 revealed that the rate of survival of the
femoral component at sixteen years was 100% (95% confidence interval, 94% to 100%), with loosening or revision
considered the end point for failure, and the rate of survival
of the acetabular components was 99% at sixteen years, with
loosening or revision considered the end point for failure.

Thigh pain (n = 96)

–

6 (6%)

UCLA activity score*
(points)

3 (1 to 4)

8 (5 to 10)

Clicking or squeaking
sound

–

None

*The values are given as the mean and the standard deviation,
with the range in parentheses. WOMAC = Western Ontario and
McMaster University Osteoarthritis Index, and UCLA = University of
California, Los Angeles.

(16%) had a mild limp that was due to a limb-length discrepancy (average, 0.7 cm), and three (3%) had a mild limp due
to pain in the ankle joints. The ability to use stairs and public
transportation, to put on footwear, and to cut toenails was
improved markedly after the arthroplasty. The mean preoperative UCLA activity score was 3 points (range, 1 to 4 points),
which improved to a mean of 8 points (range, 5 to 10 points) at
the time of the final follow-up (Table I).
Thigh Pain

The prevalence of transitory thigh pain (4 points on the visual
analog scale) was 6% (six of ninety-six patients) until six
months after the operation. No patient had thigh pain after one
year postoperatively.
Employment Status

Twenty-four (25%) of ninety-six patients changed from work
involving heavy manual labor before the operation to sedentary
work after the operation. The remaining seventy-two patients
(75%) remained in the previous occupation after the operation. All patients were advised not to participate in high-impact
sports.

Complications
A deep early postoperative infection developed in one hip (0.8%),
and open debridement and exchange of the femoral head
and acetabular liner were performed. Intravenous antibiotics

TABLE II Radiographic Results for 127 Hips
Parameter
Dorr bone type (no. [%])
A
B
C
Acetabular component
position* (deg)
Inclination
Anteversion
Femoral component
position (no. [%])
Neutral position
Varus position
Valgus position
Center of rotation*
Horizontal (mm)
Vertical (mm)

Findings

112 (88)
6 (5)
9 (7)

43 (35 to 48)
20 (15 to 23)

112 (88)
13 (10)
2 (2)
41 (34 to 48)
15 (12 to 21)

Femoral offset* (mm)

40 (38 to 83)

Radiographic Results

Abductor moment arm* (mm)

45 (38 to 85)

Loosening

Femoral neck length* (mm)

Preoperatively, the Dorr isthmus ratio33 ranged from 0.31 to
0.47. One hundred and twelve hips (88%) were Dorr type A,
six (5%) were type B, and nine (7%) were type C. As seen on
the postoperative radiographs, 112 femoral stems (88%) were
neutral, thirteen (10%) were in varus (<5°), and two (2%)
were in valgus (<5°). The average inclination and anteversion
of the acetabular component were 43° (range, 35° to 48°) and
20° (range, 15° to 23°), respectively. All hips had osseous integration of the acetabular and the femoral components (Figs.
1-A and 1-B), and no hip exhibited any aseptic loosening of
either component (Table II).

Limb-length discrepancy† (mm)

35 (31 to 38)
0.3 ± 0.5 (–1.1 to 1.3)

Radiolucent line (>1 mm) (no. [%])

0 (0)

Migration of the acetabular
component (no. [%])

0 (0)

Migration of the femoral
component (no. [%])

0 (0)

*The values are given as the mean, with the range in parentheses.
†The values are given as the mean and the standard deviation,
with the range in parentheses.
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Fig. 1-A

Fig. 1-B

Radiographs of a man with osteonecrosis of the left femoral head. Fig. 1-A A preoperative anteroposterior view of both hips, made when the patient was
twenty-eight years old, shows a collapsed left femoral head and Dorr type-A femoral bone. Fig. 1-B An anteroposterior view of both hips made fifteen years
after the hip arthroplasty shows the metaphyseal fitting stem without any distal contact between the stem and the endosteal surface of the femoral canal.
The acetabular and femoral components are solidly fixed in a satisfactory position with no evidence of osteolysis. Grade-3 calcar resorption is evident.
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were administered for six weeks with no further infection
noted.
Dislocation occurred in one hip (0.8%) on the twelfth
day postoperatively and was treated successfully with closed
reduction and the use of an abduction brace for three months.
One hip had a recurrent dislocation, and the acetabular component was revised. There was no further dislocation in these
two hips.
Fifteen (12%) of the 127 hips had a grade-1 or 2 heterotopic
ossification. No hip had a grade-3 or 4 heterotopic ossification.
Discussion
he number of midterm or long-term studies on the current
generation of cementless total hip replacements with an
alumina-on-alumina ceramic bearing in patients younger than
thirty years of age is limited. The midterm results of cementless
metaphyseal fitting anatomic total hip replacement with an
alumina-on-alumina bearing in our patients younger than
thirty years of age demonstrated an extremely low prevalence of
thigh pain and no loosening or osteolysis on radiographs.
Clohisy et al.34 noted the mean Harris hip score for their
patients twenty-five years of age or younger at the time of final
follow-up was 83 points. They speculated that functional limitations resulting from systemic disease, severe hip deformities
preoperatively, and previous hip procedures hampered the
functional status in some of their young patients after total hip
arthroplasty. In contrast, our patients had high hip scores resulting from isolated instances of unilateral or bilateral hip
disease and the absence of systemic disease, severe hip deformities preoperatively, or previous hip procedures.
The most common potential causes of thigh pain are
instability of the femoral stem and a tight distal fill by a rigid
femoral stem17-21,34,35. The low prevalence of transitory thigh
pain in our current as well as previous series16 can be attributed
to the axial and torsional stability of the stems, resulting from
rigid proximal fixation of the stem and the absence of, or
minimal, contact between the tapered polished distal part of
the stem and the inner cortex of the femur.
The mechanical fixation of a current generation of cementless total hip prostheses in young patients is quite encouraging17,21,35-38. It has been reported in the previous studies39,40 that
the IPS stem had performed well, with a low prevalence of thigh
pain or aseptic loosening. In another previous study of the IPS
stem with ceramic-on-ceramic bearings in patients younger than
forty-five years with an intermediate activity level (5 or 6 points
according to Tegner and Lysholm activity score41), no hip had a
mechanical failure. We showed in the present study that this hip
system had a low rate of mechanical failure (0% at 14.6 years)
despite a higher activity level. We believe that eight factors were
responsible for the results in this study of young patients: (1) the
proximal canal-filling design of the femoral stem (including
pronounced lateral flare, anteroposterior buildup, and short and
narrow polished distal end of the stem), (2) a surgical technique
that optimized fill, (3) the strong trabecular bone in young patients, (4) patients who were small and light, (5) the absence of
comorbidities, (6) faster mobilization than older patients, (7) the
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utilization of an alumina-on-alumina ceramic articulation, and
(8) relatively consistent and optimal alignment of the acetabular
component, avoiding impingement.
Recent studies of the third-generation alumina bearings
have found little or no osteolysis41-45. In our current as well as our
previous series16, we found no osteolysis. We postulate that extremely low wear and the scant damage of the optimally positioned articular surfaces were insufficient to cause osteolysis.
The reported prevalence of squeaking with ceramic bearings has ranged from 1% to 21%46-48. In our previous studies16, 2%
(two) of ninety-three hips had a clicking or squeaking sound.
Contributing factors to the absence of squeaking hips in the
current series may be related to the lower height and weight of the
patients and the optimal acetabular cup position.
Fracture of the alumina femoral head or acetabular liner
has been reported in the literature43,44. The absence of a ceramic
head or liner fracture in the current series is attributed to optimal cup orientation and optimal interlocking of the alumina
head and taper of the stem.
There are several strengths in this study. First, drawing
patients from a single center allows specific coordination of
surgical technique or implant use throughout the study. Second, a large volume of patients younger than thirty years of age
were treated and followed. Third, the follow-up was sufficient
to determine the prevalence of radiographic osteolysis and
loosening. Fourth, the performance of this stem and ceramic
bearing was investigated in a group of patients with a high
activity level. Finally, activity level data were collected for the
patients and can be analyzed as a risk factor for failure.
There is a limitation in this study. The performance of all
operations by a single surgeon may introduce a bias into interpretation of the data. However, our findings were similar to
other published results42-45,49. The similarity of the results between the current series and other studies appears to mitigate
single-surgeon bias.
Our results with the use of alumina-on-alumina ceramic
bearings in patients thirty years of age or younger suggest that
cementless acetabular and femoral components provide outstanding midterm fixation and substantial pain relief well into
the second decade after surgery and provide a high rate of
survivorship without evidence of osteolysis.
Appendix
A description of the clinical and radiographic evaluation
is available with the online version of this article as a data
supplement at jbjs.org. n
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