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Abstract

Background Dislocation is a common complication after
total hip arthroplasty (THA). Although the etiology of
dislocation is multifactorial, longer-term changes in muscle
such as atrophy may influence the risk of prosthetic dis-
location. Biological differences in wear products generated
by different bearing surfaces may influence differences in
the appearance of periarticular muscle after THA; however,
such bearing-associated differences to our knowledge have
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not been studied in vivo, and few studies have evaluated
bearing-associated differences in dislocation risk.
Questions/purposes (1) Is there a correlation between the
postoperative risk of dislocation at revision and the bearing
surfaces of the primary arthroplasty? (2) Is there a higher
extent of fatty muscle atrophy on CT scan in hips with
osteolysis (polyethylene hips) as compared with hips
without osteolysis (ceramic-on-ceramic hips)? (3) Are
these two abnormalities (bone osteolysis and fatty atrophy)
associated with a decrease of mesenchymal stem cells
(MSCs) in bone and in muscle?

Methods We retrospectively evaluated 240 patients (240
hips) who had a THA revision (98% of which, 235 of the
240, were isolated acetabular revisions) and a normal
contralateral hip. All patients had received the same
implants for the primary arthroplasty (32-mm head) except
for bearing surfaces (80 hips with ceramic-on-ceramic, 160
with polyethylene). No differences were noted between the
groups in terms of age, sex, body mass index, proportion of
patients who had a dislocation after the index arthroplasty
but before the revision, and proportion of the patients with
stem loosening in addition to acetabular loosening. Indi-
cations for revision generally were cup loosening. The
revisions in the hips with polyethylene bearings generally
had more acetabular bone loss, but the position of the
center of the cup and the orientation of the cup were similar
after reconstruction in the two groups. Before revision,
osteolysis, muscle atrophy, and fatty degeneration were
evaluated on CT scan and compared with the contralateral
side. Bone muscle progenitors were evaluated by bone
marrow MSCs and satellite cells for muscle. At revision,
all the hips received the same implants with the same head
diameter (32 mm) and a standard liner. Revisions were
performed between 1995 and 2005. The followup after
revision was at a mean of 14 years (range, 10-20 years) for
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ceramic revision and 12 years (range, 10-20 years) for
polyethylene hips, and there was no differential loss to
followup between the groups.

Results  More hips with polyethylene liners at the time of
index arthroplasty dislocated after revision than did hips
with ceramic liners (18% [29 of 160] compared with 1%
[one of 80]; odds ratio, 17.5; 95% confidence interval,
2.3363-130.9100; p = 0.005). For the 80 hips with cera-
mic-on-ceramic, no osteolysis was detected before
revision; there was no muscle fatty degeneration of the
gluteus muscles on CT scan or histology. For the 160 hips
with polyethylene liners, osteolytic lesions on the acetab-
ulum and femur were observed in 100% of the hips. The
increased atrophy of the gluteus muscles observed on CT
scan correlated with the increase of osteolysis (r =0.62; p =
0.012). The surgical limbs in the patients with polyethylene
hips as compared with ceramic-on-ceramic hips demon-
strated a greater reduction in cross-sectional area
(respectively, 11.6% compared with 3%; odds ratio, 3.82;
p < 0.001) and radiological density (41% [14.1/34.1]
compared with 9%; odds ratio, 6.8; p = 0.006) of gluteus
muscles when compared with the contralateral normal side.
(41% compared with 9%; odds ratio, 6.8; p = 0.006).
Conclusions Ceramic bearing surfaces were associated
with fewer dislocations after revision than polyethylene
bearing surfaces. The reasons of the lower rate of dislo-
cation with ceramic-on-ceramic bearings may be related to
observed differences in the periarticular muscles (fat atro-
phy or not) with the two bearing surfaces.

Level of Evidence Level 111, therapeutic study.

Introduction

Ceramic-on-ceramic (CoC) primary THA has demon-
strated decreased osteolysis [8, 18, 31] and decreased
capsule atrophy [21] with a decreased risk of late dislo-
cation in an earlier study from our group [16] as compared
with polyethylene (PE) hips. We also remarked [16, 17]
that at the time of revision, muscles of CoC hips had less
structural changes than muscles of PE hips. However, little
is known about muscular changes after THA and it is not
known whether these changes are related to the bearing
surfaces and to the nature of the debris particles. We also
noted that the risk of dislocation was decreased after
revision of CoC when compared with the risk after revision
of hips with osteolysis related to PE wear.

Although atrophy of the muscles has been described in
patients with osteoarthritis of the hip [1, 27] and after THA
[24], to our knowledge, no studies have evaluated longer-
term changes to the radiographic appearance and histo-
logical qualities of the periarticular musculature after THA.

Muscle atrophy is indicated as a loss of volume and con-
ventionally measured by a reduced cross-sectional area
[27] on CT scan. However, an additional loss of contractile
muscle is fatty muscle atrophy (or infiltration) described
first in shoulder muscles [14] and indicated by a reduced
radiological density [12, 13] assessed in Hounsfield units.
Although the etiology of dislocation is multifactorial,
longer-term changes in muscle such as atrophy may
influence the risk of prosthetic dislocation. Biological dif-
ferences in wear products generated by different bearing
surfaces may influence differences in the appearance of
periarticular muscle after THA; however, such bearing-
associated differences in hip musculature to our knowledge
have not been studied in vivo, and few studies have eval-
uated bearing-associated differences in dislocation risk
[16].

Our aim therefore was to evaluate the quality of the
muscle mass in the long term after THA with different
bearing surfaces. We specifically asked the following
questions: (1) Is there a correlation between the postoper-
ative risk of dislocation at revision and the bearing surfaces
of the primary arthroplasty? (2) Is there a higher extent of
fatty muscle atrophy on CT scan in hips with osteolysis (PE
hips) as compared with hips without osteolysis (CoC hips)?
(3) Are these two abnormalities (bone osteolysis and fatty
atrophy) associated with a decrease of mesenchymal stem
cells (MSCs) in bone and in muscle?

Patients and Methods

We retrospectively evaluated 240 patients (240 hips) who
had a THA revision (98% of which [235 of the 240] were
isolated acetabular revisions) and a normal contralateral
hip. Revisions were performed between 1995 and 2005. All
patients had received the same implants (Ceraver Osteal,
Roissy, France) for the primary arthroplasty (32-mm head)
except for bearing surfaces (80 hips with CoC, 160 with
conventional PE). The indications for each bearing surface
were at the discretion of the surgeon. No differences
(Table 1) were noted between the groups in terms of age,
sex, body mass index, proportion of patients who had a
dislocation after the index arthroplasty but before the
revision, and proportion of the patients with stem loosening
in addition to acetabular loosening. The mean age at sur-
gery was 65 years (range, 54—84 years). The indication for
revision was cup loosening.

Acetabular defects were more severe in PE hips: most of
them were Paprosky III; the acetabular defects in ceramic
hips were typically Paprosky II. As a consequence, Ker-
boull cross plate devices and allograft were used more
frequently in revision of PE hips than in ceramic hips. The
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Table 1. Demographic data of the two groups of patients

Demographic Ceramic-on-ceramic Polyethylene p value
(80 hips) (160 hips)
Age at primary hip (mean years; range) 44 (28-55) 48 (26-57) 0.43
Age at revision (mean years; range) 66 (56-80) 64 (54-84) 0.36
Sex (men; number) 59 men (74%) 114 men (71%) 0.24
BMI (mean kg/mz; range) 23 (16-28) 21 (17-27) 0.16
Previous hip procedure None (exclusion criteria) None (exclusion criteria) NA
Hip dislocation before (number) 2 (2.5%) 8 (5%) 0.42
Time (years) between primary and revision arthroplasty 12 (4-25) 15 (9-20) 0.74
Injection None (exclusion criteria) None (exclusion criteria) NA
Activity level Not exactly know but not high Not exactly known but not NA

(rather normal)

high (rather normal)

BMI = body mass index; NA = not available.

position of the center of the cup and the orientation of the
cup were similar after reconstruction in the two groups.
After revision the position of the center of rotation and the
abduction acetabular angle were similar in the two groups
(mean angle 48° £ 10° in the PE group versus 50° + 13° in
the alumina group; p = 0.24); the acetabular anteversion
measured on CT scan was also similar (mean angle 22° £+
8° in the PE group versus 27° £ 11° in the CoC group; p =
0.16); and the leg length discrepancy acquired with cup
loosening was reestablished to the original value by
reestablishing the center of rotation in a similar manner in
both groups. The femoral anteversion was not measured
but did not change after revision because the number of
stem revisions was very low. We performed stem revision
when stem loosening was present; in this series there was
one hip with stem loosening and revision in the CoC group
and four with stem loosening and revisions in the PE group
(p = 0.55). Surgery was performed with a posterolateral
approach under general anesthesia. At revision, all the hips
received the same implants with the same head diameter
(32 mm) and a standard liner. The cup diameter sizes were
similar (p = 0.04) in both groups: mean 52.4 mm (range,
48-56 mm) for the PE groups and mean 52.8 mm (range,
48-58 mm) for the CoC groups. The 32-mm alumina head
was always anchored through the same Morse taper (14—16
mm; 5°-42°). Therefore, all patients had the same head-
neck ratio. The acetabular component was a PE cup or an
alumina cup and was always cemented. Both components
were fixed with cement (Palacos G; Heraeus Medical
Gmbh, Hanau, Germany) containing antibiotics (gentam-
icin). No bracing or casting was performed in any patient.

Number of Dislocations After Revision

The followup routine time was at 3, 6, and 12 months and
then annually thereafter. At each visit, patients had clinical
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and radiological evaluation. From the charts, we deter-
mined whether there were any dislocations (posterior or
anterior) or revisions for recurrent dislocation or loosening.
We routinely evaluated patients, in person or by means of a
standardized letter or telephone questionnaire, at 2 to 3
months postoperatively and then at each subsequent 1-year
interval until rerevision or death. In the ceramic group (80
hips), six hips (7.5%) were lost to followup before 10 years
(between 6 and 10 years) and three (3.8%) patients had
died (between 3 and 10 years). In the PE group (160 hips),
15 (9.3%) hips were lost to followup before 10 years (be-
tween 7 and 10 years) and eight (5%) patients had died
(between 5 and 10 years) indicating no differential loss to
followup (p = 0. 40) between the groups. The followup
after revision was 14 years (range, 10-20 years) for cera-
mic revision and 12 years (range, 10-20 years) for PE hips.
At each time point, we asked patients about whether
they had dislocation of the hip. We did not consider a
sensation of subluxation of the hip to be sufficiently
specific to represent an episode of hip instability. We
considered only those events that required either a closed
or open reduction. Electrodiagnostic testing (muscles) and
study of sensory and motor conduction velocities were only
performed for patients with postoperative dislocation.

Evaluation of Osteolysis and Muscle Atrophy

CT was performed for every patient with the patient in a
supine position. CT scan was performed preoperatively
and at the most recent followup. Hips were scanned from
8 cm proximal to the acetabular component to a point
distal to the end of the femoral implant. The maximum
thickness of the cuts ranged from 1 to 3 mm. To cal-
culate the volume of the osteolysis, lesions were
identified and traced on each axial cut with use of a
semiautomated edge-detection module (Adobe Photoshop;
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Fig. 1 The CT scan demonstrates the variability of the density of the
muscle.

Adobe Systems Software Ireland Ltd, Dublin, Ireland).
The areas of the lytic lesions were then calculated from
each tracing by determining the number of pixels per
square millimeter. The volume between adjacent cuts was
calculated by averaging the areas between adjacent cuts
multiplied by the thickness of the cuts. Summation of the
volumes on each of these cuts was used to determine the
total volume of bone loss resulting from lysis as previ-
ously described [18]. Muscle cross-sectional area and
radiological density (Fig. 1) were assessed bilaterally in
the gluteus maximus, medius, and minimus. For the area,
the surface was measured in millimeters squared. Radi-
ological density was identified and quantified by use of
standard Hounsfield unit (HU) thresholds [12, 13], which
represent the physical properties of tissues expressed in
numerical form (skeletal muscle —29 to 150 HU; intra-
muscular fat —190 to —30 HU). These methods are
highly reliable with reported intra- and interclass coeffi-
cients of variation between 0.2% and 4.8% [12, 13]. To
guarantee the same transverse evaluation level at each
time point, the anatomically correct height was adjusted
on the coronal planes in the scout at the CT scan
workstation. Muscle cross-sectional area and radiological
density were compared with the contralateral side without
arthroplasty. On histology objective quantification of
skeletal muscle, lipid staining was performed by using
the oil red O soluble dye, which stains neutral lipid with
an orange-red tint. Muscle lipid content was measured as
the area occupied by lipid staining, and lipid accumula-
tion (LA) was calculated as follows: LA = total area
occupied by lipid droplets of muscle fiber /total cross-
sectional area of a muscle fiber.

Evaluation of the Number Stem Cells in Bone
and in Muscle

For bone, bone marrow was collected at the beginning of
surgery from the ilium corresponding to the hip under
revision under general anesthesia just before hip skin
incision. The needle was rinsed with a heparin solution
introduced by hand in the iliac crest at a distance from the
osteolysis and three aliquots were aspirated. The number of
total nucleated cells was determined by counting marrow
smears on a hemocytometer and then normalizing the
counts to the volume of marrow aspirated. The number of
colony-forming unit fibroblasts was determined as an
indication of the number of MSCs present in the bone
marrow aspirate before processing and in the bone marrow-
derived cell concentrate. The assay has been described
previously [15, 16]. For muscle, four biopsies were
obtained from the gluteus medius and gluteus maximus at
surgery; one muscle biopsy was for evaluation of fatty
infiltration; and one biopsy muscle sample was examined
by light microscopy after staining with hematoxylin-eosin,
periodic acid Schiff, and Masson’s trichrome to check fatty
degeneration. The second biopsy was for evaluation of
satellite cells. Approximately 50 mg of the biopsy sample
was mounted in optimum cutting temperature and frozen in
isopentane cooled in liquid nitrogen; mononuclear cells
isolated from muscle biopsies were then stained with an
antibody against desmin, a muscle-specific marker. Slides
were incubated at 4 °C. Mononuclear cells were then
cytostained with Pax7 [26-30].

Statistics

Continuous descriptive statistics used means = SD or
range, percentages within groups, median values, ranges,
and 95% confidence intervals where appropriate. Qualita-
tive data between the two groups were compared with use
of the chi-square test or Fisher’s exact test and quantitative
data with the Mann-Whitney test. The level of significance
was set at p < 0.05 in all analyses.

Results

More hips with PE liners at the time of index arthroplasty
dislocated after revision than did hips with ceramic liners
(18% [29 of 160] compared with 1% [one of 80]; odds ratio
[OR], 17.5; 95% confidence interval [CI], 2.3363—
130.9100; p = 0.005). For the 80 hips with CoC as the
primary bearing surface, one dislocation (1%) was
observed during followup. For the 160 hips with PE liners
as the primary bearing surface, the risk of dislocation after
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Table 2. Mean values (SD) of preoperative cross-sectional area (CSA) in millimeters squared and of radiological density in Hounsfield units
(HU) in the healthy hip (without arthroplasty) and in the CoC and PE hips with arthroplasty before revision*

Parameters Healthy side CoC hip Difference p value
CSA (mm?)
Gluteus maxiumus 3756 (648) 3632 (637) 3% 0.64
Gluteus medius + minimus 4832 (542) 4785 (534) 1% 0.82
Density (HU)

Gluteus maxiumus 32.4 (10.3) 29.5 (9.8) 9% 0.07
Gluteus medius + minimus 36.8 (11.3) 32.6 (10.2) 11% 0.06
Parameters Healthy side PE hip Difference p value

CSA (mm?)
Gluteus maxiumus 3854 (732) 3435 (681) 11% 0.02
Gluteus medius 4+ minimus 4952 (793) 4438 (702) 10% 0.02
Density (HU)
Gluteus maxiumus 342 (11.5) 20.1 (9.3) 41% 0.001
Gluteus medius + minimus 38.5 (12.3) 25.9 (10.4) 33% 0.001

* Gluteus medius and gluteus minimus were not individualized for measurements; CoC = ceramic-on-ceramic; PE = polyethylene.

Fig. 2 This biopsy demonstrates the normal aspect of the muscle
(gluteus maximus) (Stain, hematoxylin-eosin; original magnification,
x100).

revision was 5% at 1 month, 10% (16 hips) at 1 year, and
18% (29 hips) at 10 years. No neurologic lesions were
observed on the electromyelogram. Revision for recurrent
dislocation was performed in 13 hips (8%).

No osteolysis was observed in the CoC hips, whereas all
of the PE hips demonstrated some osteolysis; increasing
amounts of osteolysis were associated with increasing
amounts of muscle atrophy observed on CT scan. The
increase in the fatty atrophy of the gluteus muscles corre-
lated with the increase of osteolysis (r = 0.62; p = 0.012).
For hips with PE, osteolytic lesions on acetabulum and
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Fig. 3 This biopsy of the gluteus maximus muscle demonstrates fatty
infiltration of the muscle (30% of fat degeneration) (Stain, hema-
toxylin-eosin; original magnification, x50).

femur were observed in 100% of the hips with a volume of
osteolysis ranging from 5 to 90 cm® (mean, 35 cc); the
surgical limbs in the patients with PE hips demonstrated
reduced cross-sectional area compared with the contralat-
eral normal side (Table 2); this reduction was more severe
than in the gluteus maximus of patients with CoC hips
compared with the contralateral normal side (respectively,
11.6% [449 of 3854] compared with 3% [124 of 3756];
OR, 3.82; 95% CI, 3.1214-4.6962; p < 0.001). There also
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was a reduced radiological density (Table 2) in the gluteus
maximus of PE hips with the contralateral normal side as
compared with CoC hips (41% [14.1/34.1] compared with
9% [2.9/32.4]; OR, 6.8; 95% CI, 1.7178-26.6543; p =
0.006). Muscle fatty infiltration determined in vivo with
CT scan was associated with muscle LA determined in
muscle biopsy specimens. Increased LA assessed micro-
scopically was observed both in the gluteus medius
(containing some PE debris), but also in the gluteus max-
imus without PE debris of patients with PE hips (Figs. 2,
3). Lipid contained within muscle fibers as determined with
staining of lipid was negatively associated with muscle
density (r = —0.43, p = 0.001). Roughly each HU reduced
density was equivalent to a 1% increase in LA when as-
sessed microscopically. There was an increased LA in the
gluteus maximus of PE hips as compared with CoC hips
(15.4%; range, 4.2%-36% compared with 3.1%; range,
0.8%—6.2%; OR, 5.7; 95% CI, 1.5970-20.3861; p = 0.007).
Dislocations (Table 3) were observed in hips with severe
osteolysis and with severe reduced radiological muscular
density. Values stratified by osteolysis amount revealed
that fat infiltration was greater in those with advanced
osteolysis (p = 0.01).

In patients with PE hips, a decrease of bone marrow
MSCs and muscle satellite cells was observed compared
with CoC hips. The mean difference in the concentration of
bone marrow MSCs per 1.0 mL of bone marrow aspirates
of the iliac crest was 788 (range, 280-1200; 95% CI,
234-1245; p < 0.001); the mean values in the CoC group
were 1002 £ 324 MSCs/mL (range, 1430-732 MSCs/mL)
and in the PE group 214 + 128 MSCs/mL (range, 18-310
MSCs/mL). The mean difference in the number of satellite
cells/g was 49,910 (range, 21,000-82,000; 95% CI,
26,000-82,000; p < 0.001). The mean number of satellite
cells/fg in the CoC group was 62,540 (range,
41,500-102,490) and in the PE group 12,630 (range,
8760-24,300). These decreases of MSCs (mean, 788;
range, 80-1200; 65%) and satellite cells (mean, 49,910;
range, 21,000-82,000; 79%) in the PE group (as compared
with the CoC group) correlated with the increase of oste-
olysis (respectively, r = —0.34; p = 0.021 and r = —0.56;
p =0.028), the decrease of muscle density (respectively, r =

0.48; p < 0.001 and r = 0.62; p < 0.001), and the increase
of fat infiltration on histology (respectively, r = —0.51;
p <0.001 and r = —0.67; p < 0.001).

Discussion

Dislocation is a common complication after THA.
Although the etiology of dislocation is multifactorial,
longer-term changes in muscle such as atrophy may
influence the risk of prosthetic dislocation. Biological dif-
ferences in wear products generated by different bearing
surfaces may influence differences in the appearance of
periarticular muscle after THA. However, no one has
looked at muscle changes and bone changes related to
different bearing surfaces to see whether the bearing used
at the index arthroplasty was associated with a difference in
likelihood of dislocation after revision. We have investi-
gated CT-based measures of skeletal muscle adiposity in
patients undergoing THA presenting different bearing
surfaces (CoC or PE), evaluated the risk of dislocation after
revision in these patients according to their bearing sur-
faces and muscular status before revision, and analyzed
bone and muscle progenitors around the hip of these
patients. We found that ceramic surfaces used in THAs at
the index arthroplasty were associated with fewer dislo-
cations after revision THA as compared with PE bearing
surfaces. This difference may be related to the reduced
amount of fatty atrophy observed in the periarticular
musculature in patients whose index THA included a CoC
bearing compared with those with ceramic-on-PE bearings.

We note several limitations to our study. First, ours was
a retrospective study of a nonrandomized patient popula-
tion. Thus, our study is a study of association, not
causation, and not all important variables have been con-
trolled for; the difference in dislocation risk could be a
function of bone loss, for example, which differed sub-
stantially between the groups. Likewise, activity level was
not controlled for or even measured. These factors, and
others, could well have influenced the findings. Second, the
small patient cohort may limit the generalizability of the
study, although we had adequate power to identify the

Table 3. Osteolysis (mean volume in cc; range), muscle density in Hounsfield units (mean; range), and cross-sectional area (CSA) of the gluteus

maximus muscle in millimeters squared (mean surface; range)

Parameter No dislocation (131 hips) Dislocation (29 hips) p value
Osteolysis (cc) 15 (5-45) 70 (50-90) 0.001
Muscle density (HU) 26 (22-32) 10 (9-18) 0.001
CSA (mm?) 3640 (3200-4900) 3124 (2834-3642) 0.07

HU = Hounsfield units.
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findings of interest. Third, measurement of skeletal muscle
adiposity based on a standard CT image after surgical
approach may be difficult. However, we were at a distance
(several years) from the initial primary arthroplasty, and
studies using CT have reported coefficients of variation
between 1.5% and 2.5% for tissue cross-sectional area and
1% for muscle attenuation [13]. This study was also limited
in that the femoral stem anteversion was not assessed
systematically on preoperative CT scan, but the positioning
of the stem was analyzed on the postoperative CT scan of
patients with dislocation and we did not found abnormal-
ities. The femoral head sizes (32 mm) and the acetabular
components were similar in the two groups. There was a
risk that some patients had rupture of the gluteus medius
tendon, which affects elderly women and often has a sud-
den onset [11, 20]. These ruptures are clearly seen at
revision and we excluded these patients (six patients).
Another bias could be the inclusion of patients with nerve
injury or spinal disease. We excluded these patients but did
not perform electromyelography preoperatively for each
patient. Electrodiagnostic tests were performed only in
patients with postoperative dislocations and although they
were difficult to interpret because the patients had difficulty
in performing hip abduction by adequately contracting the
gluteus medius muscles, these tests excluded neurogenic
distress.

The major findings of this study are the extent of
knowledge regarding the risk of dislocation after revision.
Although the dislocation risk has been previously reported
to vary depending on the component revised [2, 6, 7, 22,
23], our results support the idea that the risk is also related
to the bearing surface of the primary arthroplasty. We
tested only two bearing surfaces (CoC and PE), but another
study [25] has also demonstrated high risk (28% [nine of
32]) of dislocation after revision of metal-on-metal.

We found that CT scans were able to demonstrate
reduced density corresponding to fatty muscle degenera-
tion associated with increased osteolysis and also to predict
the risk of postoperative dislocation in the case of revision.
To our knowledge, this question of the relationship
between muscle quality and dislocation after revision has
not been evaluated before.

It is well known that skeletal muscle has a close rela-
tionship with bone mass, starting in the embryonic period.
Developmentally, osteoblasts and muscle cells derive from
a common mesenchymal precursor [3-5, 9, 19]. There is a
positive correlation between muscle strength and bone
mass. It appears that in case of osteolysis, there is osteol-
ysis-associated reduced bone regenerative capacity with a
decrease of MSCs and that this is accompanied by a
reduced muscle mass and increased fatty degeneration. The
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cause of the reduced regenerative capacity of bone and
muscle in PE hips is unknown. The possible mechanism
was evaluated by an experimental study [10] demonstrating
that contact PE particles inhibit the osteogenic activity of
osteoprogenitor cells in a murine model, which may result
in reduced periprosthetic bone regeneration. Future studies
should evaluate the effect of PE particles on satellite cells
of humans.

In conclusion, the use of alumina-on-alumina bearing
surfaces at the index arthroplasty was on murine associated
with a lower frequency of dislocation after revision THA as
compared with alumina-on-PE bearing surfaces. The reasons
for the lower rate of dislocation with CoC bearings may be
related to observed differences in the periarticular muscles
(fat atrophy or not) with the two bearing surfaces. Our
research suggests that there could be a new focus in ceramic
component research, beyond wear and tribology to better
understand the role of bearing surface debris on muscular
atrophy. Experimental studies could evaluate first whether
contact PE particles and ceramic particles have different
effects on the activity of satellite muscle cells of humans.
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