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Dong Woo Lee, MD, Sung Kwan Hwang, MD

Department of Orthopedics, Yonsei University Wonju College of Medicine, Wonju, Korea

Purpose: This study assessed the short term clinicoradiological results of primary total hip arthroplasty using
third generation ceramic-ceramic articulation Accolade TMZF femoral stems.
Materials and Methods: Two hundred and seventy two patients (294 hips) with primary total hip arthroplasty
using third generation ceramic-ceramic articulation Accolade TMZF femoral stems who had been followed-up
for a minimum of 3 years were included. Clinicoradiological results were analyzed and postoperative
complications were observed.
Results: At final follow-up, mean Harris hip score was increased from 52 to 94 points. On radiogical evaluation,
the average acetabular inclination was 42 degrees and the average acetabular anteversion was 15 degrees.
Neither osteolysis nor loosening were observed around the acetabulum or proximal femur. Among 294
acetabular cups, 293 cups (99.66%) achieved stable fixation. Regarding the 294 femoral stems, 286 (97.28%)
had bony fixation, 7 (2.38%) had fibrous fixation, and none were found to have unstable stem fixation. Proximal
bone resorption was observed in 17 hips (5.78%; only Grade 1) and radiolucent lines were observed in 88 hips
(29.93%), however, all were around the distal smooth portion of the stems. Postoperative complications included
dislocation in 6 hips (2.04%), heterotopic ossification in 3 hips (1.02%), ceramic fractures in 4 hips (1.36%),
superficial infection in 1 hip (0.34%), and squeaking in 8 hips (2.72%).
Conclusion: The short term clinicoradiological results of primary total hip arthroplasty using third generation
ceramic-ceramic articulation and Accolade TMZF femoral stems together with Secur-Fit acetabular cups were
satisfactory. However, problems such as ceramic fractures and squeaking after arthroplasty were observed.
Additional studies are necessary in order to develop methods that may reduce or eliminate these complications.
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INTRODUCTION

Total hip arthroplasty is a widely used method for
reconstructing hip joints that have suffered diseases- or
trauma-related injuries. However, studies on developing
alternative materials for articulation have been conducted
to prevent osteolysis (caused by wear debris that occurs
between two bearing surfaces), aseptic loosening, and
other problems that have a negative impact on the
longevity of bearing articulation in conventional
arthroplasty. To address these problems, cross-linked
polyethylene, metal-on-metal articulation, and ceramic-
on-ceramic articulation have been used. The primary
advantage of using ceramic-on-ceramic articulation is
low friction articulations with excellent wear resistance.
Moreover, ceramic-on-ceramic articulation is known to
have almost no risk of adverse reactions caused by wear
particles due to a minimum coefficient of friction, and is
therefore currently considered as the most ideal
articulation with excellent biocompatibility. Although
advances in ceramic techniques, manufacturing
processes, and the use of third-generation ceramic-on-
ceramic articulation have been associated with
successful results attributable to enhanced durability and
wear properties, the use of ceramic materials with
brittleness remains controversial due to fracture
potential, component damages, and “squeaking”1). The
aim of the current study was to analyze and report
clinicoradiological results and complications following
the performance of primary cementless total hip
arthroplasty using Accolade TMZF femoral stems
(Howmedica Osteonics-Stryker, Cork, Ireland) and
Secur-Fit peripheral self-locking (PSL) acetabular cups
(Howmedica-Osteonics-Stryker) from November 2002

to July 2010 with a minimum follow-up of 3 years.

MATERIALS AND METHODS

1. Subjects

This study included 294 hips from 272 patients that
could be followed-up for at least 3 years among 367
hips from 337 patients that underwent cementless total
hip arthroplasty using ceramic articulation, Accolade
TMZF femoral stems, and Secur-Fit cups due to hip-
joint disease or trauma from November 2002 to July
2010. Subjects were 181 men and 91 women, and the
male-to-female ratio was 2:1. Mean follow-up was 5.2
years (range, 3-11 years), and the mean patient age was
55 years (range, 21-86 years). In preoperative diagnosis,
184 cases were assessed as avascular necrosis, 58 as
primary and secondary osteoarthritis, 44 as fracture, 3 as
Legg-Calvé-Perthes disease sequalae, 2 as congenital
acetabular dysplasia, and 3 as infection sequalae (Table 1).

2. Surgical Methods and Postoperative Care

Subjects were given antibiotics for 5 preoperative
days. The posterior approach was used in all total hip
arthroplasty patients by placing them in the lateral
position. Accolade TMZF femoral stems and Secur-Fit
PSL ceramic cups (Stryker Orthopaedics) were used in
all surgical procedures. Postoperative adduction and
medial rotation of the hip was restricted due to the risk
of dislocation by thoroughly instructing all patients. On
the first postoperative day, ambulation training was
initiated using ambulation assist devices such as a
walker after standing exercise on a tilt table, in addition

Table 1. Patient Demographic Characteristics

Data

Age (range), yr 55 (21-86)
Sex (M:F), n 181:91
Average F/U period, yr .5.2
Preoperative diagnosis (hip), n 294

Avascular necrosis 184
Osteoarthritis 058
Fracture 044
LCP sequalae 003
Congenital anomaly 002
Infection sequalae 003

Total of 294 hips in 272 patients, November 2002-July 2010.
M: male, F: female, F/U: follow-up, LCP: Legg-Calvé-Perthes disease.
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to quadriceps femoris muscle strengthening. The
drainage tube was removed once drainage was less than
100 mL (after 2-3 postoperative days on average). All
patients began standing and ambulation training on the
1st postoperative day regardless of the presence of the
drainage tube. Partial weight-bearing was performed
using a walker or crutches until the 7th postoperative
day, after which full weight-bearing was allowed in
patients without preoperative gait disturbance from the
1st postoperative week.

3. Clinicoradiological Assessment

Clinical results were evaluated on the 3rd and 6th
months postoperatively, at the 1st year pre- and
postoperatively, and every following postoperative year
until the 11th postoperative year by measuring thigh
pain and Harris hip scores. Hips with a score >90 points,
>80 points, ≥70 points, and <70 points were defined as
having excellent, good, fair, and poor results,
respectively. Outpatients were asked to choose from a
visual analogue scale (VAS) of 1-10 to determine their
degree of thigh pain. The current study used VAS scores
obtained at the final follow-up. The Dorr classification2)

was used to assess the preoperative quality of the
femoral bone. Based on radiographs, the stability and
osteolysis around the acetabular cups and femoral stems
were assessed. Conditions of femoral stem fixation were
classified into bony ingrowth, stable fibrous ingrowth,
and unstable fixation according to radiolucent lines and
stem movement using the classification system
described by Engh et al3). The presence and degree of
changes in bones around the femoral stems were
evaluated based on spot welds on both the medial and
distal cortical hypertrophy, the stress shielding of the
proximal femur, osteolysis, and radiolucency around the
stem. Changes in bone positions of the femoral stems
were determined according to the classification system
described by Guren et al4). Loosening of the femoral stem
was defined as vertical subsidence of more than 2 mm or
valgus and varus deformities in the stem. Movement of
the acetabular cup was compared using radiographs
taken in the immediate postoperative period and at the
final follow-up based on the anterior and posterior views
of the hip. According to the method of Dorr et al.2), the
distances between the acetabular component and
Kohler ’s line and the teardrop were measured.
Acetabular cup inclination angles were measured using

the method of Callaghan et al. 5),  and acetabular
anteversion was measured using the method of
Boardman et al6). Osteolysis around the acetabular cup
was presented as DeLee and Charnley7) zones. The
acetabular cup was defined as loosening if there was
movement in the position of the cup of more than 2 mm
vertically, medially, or laterally, if the radiolucent lines
were widened more than 2 mm in the anterior, posterior,
or lateral radiographs of the acetabular cup, or if the
inclination angle changed by more than 5 degrees. We
identified the presence of complications including
infection, dislocation, fractures in the ceramic head and
liner, heterotopic ossification, and squeaking.

RESULTS

1. Clinical Assessment

The average Harris hip score improved from 52 points
(minimum 22, maximum 68) preoperatively to 94 points
(minimum 72, maximum 99) postoperatively. There were
245 excellent cases (83.33%), 43 good cases (14.63%), 6
fair cases (2.04%), and no poor cases (0%). Three
patients (1.02%) complained of thigh pain with scores of
3, 5, and 3 points, respectively, on the 10-point VAS.

2. Radiological Assessment

1) Stability of the acetabular cups
The average acetabular inclination was 42 degrees

(range, 34-60) and the average acetabular anteversion
was 15 degrees (range, 7-16). In the final follow-up, 294
hips (100%) showed stable fixation. Of these, 293 hips
(99.66%) had no osteolysis or loosening around the
acetabular cups with the exception of 1 case with
penetration of the acetabular metal cup after a ceramic
liner fracture. There was no horizontal or vertical
movement of acetabular cups. Although radiolucent
lines with a width <2 mm were observed in 24 hips
(8.16%), all 24 acetabular cups were found to be stable.

2) Fixation and stability of the femoral stems
According to the classification system of Engh et al.3)

regarding femoral stem fixation, bony ingrowth was
observed in 287 cases (97.62%) and stable fibrous
ingrowth was observed in 7 cases (2.38%). No cases of
postoperative unstable fixation were observed at the final
follow-up. Stress shielding bone resorption in the
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proximal femur was found in 17 hips (5.78%, all Grade 1)
according to Engh’s criteria8). Radiolucent lines detected
in 88 hips (29.93%) around the femoral stems were all <2
mm thick. Additionally, all were found around the distal
part of the stem without porous coating in Gruen zones 3,
4, and 5. There were 3 cases (1.02%) that showed varus
and valgus <1 mm in the distal femoral stem. Widened
interfaces >2 mm, defined as loosening, were not seen.
There were no cases with fracture or vertical subsidence
of more than 2 mm in the femoral stems.

3. Complications

Six hips (2.04%) with postoperative dislocation were
managed using closed reduction and hip abduction
orthosis. Patients wore a brace for an average of 3
months. According to the classification system
described by Brooker et al.9), heterotopic ossification
was detected in 3 (1.02%) hips (2 hips Grade 1, 1 hip
Grade 2). However, there were no reports of pain or
observations suggestive of significant restrictions in the
range of movement of the hip. Ceramic liner fracture
was observed in 4 hips (1.36%), and acetabular cup
revision was performed in 1 case (0.34%) with
penetration of the acetabular metal cup after ceramic
liner breakage. Favorable clinical results were
demonstrated after revision. Squeaking was detected at a
relatively high frequency (8 cases, 2.72%). Superficial
infection occurred in 1 case (0.34%), and the patient was
treated with wound cleansing, removal of dead cells,
and use of antibiotics (Table 2).

DISCUSSION

Total hip arthroplasty has demonstrated good results
in concert with the continuous development of
articulation materials, improvements in structural
design, and advancements in surgical techniques10). The

leading causes of total hip arthroplasty failure are
osteolysis and loosening of the artificial hip joints
caused by fine wear particles from the artificial
articulations. Ceramic-on-ceramic articulation has
favorable biological response and an extremely low
coefficient of friction that minimizes the occurrence of
wear debris particles and osteolysis11). The current study
used Accolade TMZF femoral stems12,13) and Secur-Fit
acetabular cups made of a beta titanium alloy with a 25%
higher flexibility and a 20% higher tensile strength than
those of the Ti-6Al-4V titanium alloy. Several previous
studies have already reported satisfactory Harris hip scores
in total hip arthroplasty with cementless tapered-wedge
femoral stems14). Parvizi et al.15) reported satisfactory
results at a mean Harris hip score of 92.1 in 129 hips
with taperloc femoral stems including a case of revision
surgery through a long-term follow-up. The current
study also obtained a comparable outcome from a mean
preoperative Harris hip score of 52 points (minimum 22,
maximum 68) which increased to a mean follow-up
Harris hip score of 94 points (minimum 72, maximum
99). The frequency of thigh pain was found to be low in
tapered-wedge femoral stems16,17), and may have been
attributable to successful osteointegration and primary
stability, as weight bearing of the femur is evenly
distributed from the proximal part to the distal part with a
gradual decrease of stiffness in femoral stems around the
distal portion of stems18). A low incidence of thigh pain
was observed (3 cases, 1.02%) after insertion of tapered-
wedge femoral stems in the current study (Fig. 1).

Stress-shielding of the proximal femur results in bone
resorption when stress is reduced in femoral stems
around the femur postoperatively, as the stress from
weight-bearing is restricted from the proximal part. This
occurs in cases of incomplete osteointegration of the
femoral stem in the proximal femur, fixation at the distal
part, or use of metal femoral stems with a high degree of
stiffness19). In the current study, a relatively lower

Table 2. Surgical Complications

Complication Data

Dislocation 6 (2.0)
Failure of ceramic liner 4 (1.4)
Heterotopic ossification 3 (1.0)
Squeaking sound 8 (2.7)
Infection 1 (0.3)

Total of 294 hips.
Values are presented as number (%).
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frequency of stress-shielding was observed in 17 hips
(5.78%). Reduced stress shielding is thought to be the
result of compression fixation using tapered-wedge
femoral stems with the lower hardness of beta titanium
and facilitated osteointegration with the proximal
femoral stem. A relatively high osteolysis rate leading to
failure of total hip arthroplasty has been verified in
conventionally designed femoral stems. Studies
conducted by Kim and Kim20), and Woolson and
Maloney16) reported osteolysis in 38 femoral stems
(32.76%) among 116 porous coated anatomic femoral
stems, and in 15 femoral stems (21.73%) among 69
Harris-Galante-porous femoral stems. Therefore, the
need for new designs and materials for femoral stems
has been demonstrated, and a tapered-wedge design has
been newly developed. In tapered-wedge femoral stems,
osteolysis of the proximal part is caused by the sheath of
the proximal femoral stem, as well as osteointegration
due to peripherial bone tissues and bone growth.
However, the incidence of osteolysis of the distal part is
rare21). Despite the occurrence of osteolysis, it is thought
to be limited to the proximal part22). Instability of
femoral stems was not detected in the current study and
favorable results of cementless tapered-wedge femoral

stems were comparable to those of previous studies.
“Squeaking” has recently become one of the most

controversial complications associated with total hip
arthroplasty using ceramic-on-ceramic articulation.
Until recently, squeaking was attributed to wear caused
by material instability of ceramic articulations prior to
the third generation, the elevated metal rim around the
acetabular cup used to secure alumina ceramic liners of
the cup, and neck impingement. The frequency of
squeaking has been reported to range between 0.48-21%
in ceramic-on-ceramic articulation23). Moreover, it has
been reported to occur due to wear caused by fine glass
particles from neck impingement of Trident acetabular
cups (Stryker, Mahwah, NJ, USA)24,25). Due to the
progression of fine wear, the possibility of squeaking
remained for second generation components and has
also been reported for third-generation ceramics17,24,25), as
they can be affected by abnormal or unevenly applied
force due to improper postoperative position of the
acetabular cup and ceramic head, subluxation26), bearing
mismatch27), microseparation damage of the ceramic
head and fluid film of the articulation due to wear
debris26), the patient’s body mass index, or certain
activities of the hip28). By using Accolade TMZF femoral

FFiigg..  11.. (AA) This anteroposterior radiography shows avascular necrosis of the femoral head in a 47-year-old male. (BB) The
immediate postoperative radiography shows good positioning of the prosthesis. (CC) After 6 years, the radiograph shows no
osteolysis around the right acetabular and femoral component, and stable components with proper bony ingrowth.

A B C



www.hipandpelvis.or.kr 89

Dong Woo Lee et al. Primary THA Using Third Generation Ceramic-Ceramic Articulation

stems, the current study allowed for variety in the length
of the femoral neck according to the trapezoidal neck
design and stem size to reduce femoral neck impingement
with the metal rim around the acetabular cup. However,
squeaking was detected in 8 cases (2.72%), which was
relatively high and required long-term follow-up. As no
pain was reported in all cases, these patients are still
under follow-up will be further monitored.

Ceramic head and liner fractures are the second most
commonly reported complication, followed by
squeaking, in ceramic-on-ceramic articular surfaces.
Recent advances in manufacturing techniques and
processes have enabled the production of smoother
ceramic surfaces, and the frequency of fractures has
been reduced to 0.04% along with improvements in
stiffness and designs29). However, the frequency of
ceramic head and liner fractures has increased in concert

with the increased demand for total hip arthroplasty
using ceramic articulations. Repeated impingement
between the neck of the femoral stem and the ceramic
liner of the cup is thought to be one of the main causes
of ceramic fractures. Therefore, a way to decrease
impingement has been proposed and involves
maintaining a low ratio between the head and neck
diameters using the design of the femoral stem neck
with a small circular diameter and a 28 mm ceramic
head30). In addition, neck length has been identified as
another cause of ceramic fracture. Specifically, a short-
neck ceramic head has been reported to be vulnerable to
fractures due to a thin ceramic head with larger mating
surfaces between the trunion of the femoral stem and the
ceramic head and their relatively deeper insertion as
compared to the standard, long-neck ceramic head31). On
the other hand, the incidence of ceramic head fracture has

Table 3. Failure of Ceramic Liners

Age* (yr)/sex
Primary

BMI (kg/m2) Cup size (mm) Head size (mm) Neck length
Activity at

diagnosis time of failure

65/M AVN 26.3 54 28 Short Riding a bicycle
53/M AVN 18.5 52 28 Short Unknown
47/M Fracture 24.5 42 28 Standard Traffic accident trauma
42/M Traumatic OA 26.56 52 28 Long Working in a field

* Age at time of primary arthroplasty.
M: male, AVN: avascular necrosis, BMI: body mass index, OA: osteoarthritis.

FFiigg..  22.. (AA) This immediate postoperative radiography shows total hip arthroplasty with the Accolade hip system in a 47-year-
old male. (BB) After 2 years, the radiography shows ceramic fracture and dissociation, as well as some alumina chips around
the neck of the stem. (CC) The ceramic head and liner were replaced.

A B C
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been reported to be higher in a ceramic head with a long-
neck due to stress created below the stem resulting in
expanded tension force from the inner side to the upper
part due to a shallow mating surface with the internal
ceramic head32). Impingement has been implicated as the
main cause of ceramic fractures in Asians with a wide
range of motion in the hip. Koo et al.33) suggested that
ceramic head fractures could be caused by design
problems, short necks, scratched femoral heads, and
high physical activity levels. Min et al.34) also proposed
that repeated impingement between the neck of the
femoral stem and the ceramic liner could lead to liner
breakage in Asians with an excessive range of
movement in the hip due to sitting with crossed legs,
squatting, and kneeling. Toni et al.35) postulated that liner
breakage could also occur on the other side of the
impingement due to micro-dislocation or subluxation. In
the current study, there were 4 hips (1.36%) with
ceramic liner breakage. Of these fractures that occurred
in 3 patients, one was sustained during farming work,
another during cycling, and one had no known cause.
These cases are thought to be attributable to
impingement caused by an excessive range of motion or
wear debris. The other case of fracture was ascribed to
injury from car accident trauma. One case (0.34%) with
penetration of the acetabular metal cup after ceramic
liner breakage demonstrated stable fixation after
performance of acetabular cup revision and head and
liner revision. Revisions were conducted in 3 hips
(1.02%) with head and liner fractures (Table 3) (Fig. 2).

CONCLUSION

The results of the current study demonstrated more
stable and improved clinicoradiological outcomes in
cementless total hip arthroplasty using third generation
ceramic-on-ceramic articulation Accolade TMZF
femoral stems with a minimum follow-up of 3 years as
compared to those of previous studies that used cross-
linked polyethylene or metal-on-metal articulations.
However, ceramic liner fracture and squeaking were
detected at a relatively higher frequency of 1.36% (4
hips) and 2.72%, respectively, among the most
controversial complications. Therefore, additional
studies are necessary in order to further investigate these
complications and reduce their frequency.
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