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Squeaking Hips

By William L. Walter, MBBS, FRACS, PhD, Tim S. Waters, FRCS(Tr&Orth), Mark Gillies, PhD, Shane Donohoo, BEng,
Steven M. Kurtz, PhD, Amar S. Ranawat, MD, William J. Hozack, MD, and Michael A. Tuke, HNC, ME

Introduction

eramic-on-ceramic bearings for total hip arthroplasty

were pioneered by Boutin in France during the 1970s".

The first generation of alumina ceramic experienced
unacceptably high fracture rates®. In the 1980s and 1990s, ad-
vances in ceramic manufacturing produced alumina compo-
nents of higher density and smaller grain size, substantially
reducing the risk of fracture. The use of ceramics proliferated
throughout Europe, although concerns about fracture, raised
in the United States, resulted in its classification as a Class-II1
medical device by the U.S. Food and Drug Administration
(FDA). These circumstances, coupled with the consequences
of ceramic fracture, led to the dominance of polyethylene
bearings for hip arthroplasty in the United States at the end of
the twentieth century.

However, in the middle to late 1990s, concern about
osteolysis secondary to polyethylene wear prompted a reeval-
uation of alternate bearings. The fracture rate of second-
generation alumina was reported by ceramic producers to be
reduced to a figure on the order of 1 in 10,000. The wear resis-
tance of ceramic bearings was known to be superior to the
conventional polyethylene of the day, which at that time was
not highly cross-linked and was still sterilized with gamma ra-
diation in air. By the mid-1990s, therefore, several manufac-
turers had launched multicenter, prospective, randomized
trials through the FDA for ceramic-on-ceramic bearings. At
the turn of the millennium, as these trials were reaching com-
pletion, an international producer of zirconia ceramic, St.
Gobain Desmarquest, announced its withdrawal from the
medical market because of unacceptably high fracture rates
associated with changes in its manufacturing process. Al-
though Desmarquest’s withdrawal in 2001 involved a differ-
ent ceramic, the FDA responded with strong scrutiny of the
alumina ceramic manufacturers. Compliance with height-
ened regulatory requirements delayed FDA approval for the
use of ceramic bearings in the United States until 2003. Before
2005, squeaking was not recognized as a clinically important

complication of ceramic bearings in any of the trials being
conducted for the FDA.

Over the past four years, the squeaking phenomenon
has become well documented but is as yet poorly under-
stood. The prevalence has been reported to range from un-
der 1% to 10%*’ and has been reported in abnormal
circumstances such as mismatched ceramic couples’, after a
ceramic liner fracture™’, and in a case of cup malposition
with severe impingement'. An increased risk of squeaking
has been demonstrated with acetabular component malposi-
tion as well as with younger, heavier, and taller patients’.
Some authors have suggested that the noise is a result of vi-
bration where the neck of the femoral component impinges
on the edge of the acetabular component'. However, it may
also occur in properly matched ceramic bearings with an
ideal acetabular component position and in the absence of
neck-to-rim impingement**.

Reproduction of this effect has been reported in vitro™.
In rare cases, the squeaking has been intolerable to the patient,
prompting revision. Thus, squeaking has emerged as a new
and previously unanticipated clinical failure mode for ceramic
bearings in the twenty-first century.

In this paper, we report data that have been progres-
sively accumulated from a series of studies undertaken by our
group to investigate the mechanisms of noise production as-
sociated with ceramic-on-ceramic bearings. We compared de-
mographic data between patients with squeaking hips and
those with silent hips. Radiographic analysis was used to com-
pare component placement, and an analysis of retrieved
squeaking bearings showed the pattern of wear in these hips.
Finite element analysis provided us with a model to better un-
derstand the mechanics of squeaking, and through acoustic
and modal analysis we have been able to suggest the origin of
the noise. The long-term goals of our research are to develop
an understanding of the mechanisms of squeaking, to provide
an approach to its investigation and treatment, and to develop
countermeasures for squeaking in the future.
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SQUEAKING Hips

TABLE | Demographic Data on Thirteen Patients with Ceramic-on-Ceramic Total Hip Replacements That Squeaked Compared

with All Other Patients with a Primary Total Hip Replacement

Squeaking Hip

Other Primary Total Hip

Replacements* (N = 13) Replacements* (N = 2384) P Value
Height (cm) 179 (165-186) 169 (137-198) 0.0003
Weight (kg) 90 (60-110) 76 (40-130) 0.001
Age (yr) 56 (35-79) 65 (18-95) 0.01

*The values are given as the mean, with the range in parentheses.

Which Hips Squeak?
Demographic and Radiographic Analyses
One of our first investigations into the squeaking phenom-
enon was an effort to understand whether patient-related
and surgical factors were associated with noise production.
We previously reported on a group of squeaking hips’, each of
which was matched with a control for primary diagnosis, im-
plant type, sex, age (within twelve months), height (within 2
cm), weight (within 5 kg), and date of surgery (within six
months). Control patients came from our prospectively accu-
mulated database of 2397 patients with ceramic-on-ceramic
bearings.

The anteversion and inclination of the acetabular com-
ponent were calculated on radiographs. Eleven patients also
had a computed tomography scan performed of the squeaking
hip (Fig. 1). If the acceptable ranges are defined to be between
15° and 35° of anteversion and between 35° and 55° of inclina-
tion, only six (35%) of the seventeen squeaking hips were in
the acceptable range, whereas sixteen (94%) of the seventeen
control hips were in the acceptable range (p = 0.0003). There-
fore, if the acetabular orientation is outside this range, the hip
is twenty-nine times (95% confidence interval, 3 to 279) more

likely to squeak. However, a similar analysis in another group
of patients found no increased prevalence of component mal-
position in squeaking hips compared with controls’.

The demographic data demonstrated that squeaking
hips are more likely in taller, heavier, and younger patients
(Table I).

Retrieval Analysis

In order to further explain the relationship between acetabular
component malposition and squeaking, we studied bearings
retrieved from squeaking hips, in particular looking for evi-
dence of edge loading"”. We analyzed twelve alumina ceramic-
on-ceramic bearings collected by eleven different surgeons in
three different countries. There were four different designs of
femoral components and four different designs of acetabular
components. Eleven acetabular components had an elevated
metal rim that was proud of the ceramic and one did not. All
bearings were manufactured from third-generation alumina
ceramic (BIOLOXforte, CeramTec, Plochingen, Germany).
Three bearings had a 36-mm diameter; seven, a 32-mm diam-
eter; and two, a 28-mm diameter. All hips were revised for
noise or noise and pain. Seven of the twelve patients were

Fig. 1

A computed tomography scan of bilateral ABG Il ceramic-on-ceramic hip replacements (Stryker Howmedica Osteonics, Allendale, New Jersey). In the
previously reported case of this patient*, the right hip had excessive acetabular anteversion and it squeaked with walking. The left hip with ideal an-
teversion did not squeak. (Reprinted, with permission, from: Walter WL, O’Toole GC, Walter WK, Ellis A, Zicat BA. Squeaking in ceramic-on-ceramic

hips: the importance of acetabular component orientation. J Arthroplasty. 2007;22:496-503.)
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SQUEAKING HIPS

TABLE Il Material Properties of Titanium Alloy and Alumina Ceramic

Elastic Poisson
Material Modulus (MPa) Ratio Density (g/cm?)
Ti6AI4V 115 0.3 4.42
Al203 390 0.3 3.97

men, and their average age was forty-eight years (range,
twenty-six to sixty-five years). The original hip arthroplasty
was done through a modified Hardinge approach in five hips
and through a posterior approach in seven hips. The activity
that produced the squeak was walking in ten hips and bending
in one hip, and was unknown in another hip. The bearings
were retrieved after an average of twenty-three months (range,
eleven to sixty-one months) in service.

Wear length and width were measured with a digital cal-
iper, and the rim of the titanium acetabular shell was studied
for signs of impingement. We used a Roundtest machine
(RA300; Mitutoyo, Andover, United Kingdom) to measure the
depth of the wear scar, allowing us to calculate the volume.
The clearance was measured on nine of the twelve bearings
and on a control group of twelve bearings from a previously
reported series".

All twelve squeaking retrievals showed evidence of edge-
loading wear. The median wear rate per year was 2.9 mm’
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Fig. 2
Box plot comparing the volumetric wear rate of the squeaking
retrievals®® with that of a historical control*.

(range, 0.1 to 21.0 mm’®) on the femoral heads and 3.4 mm’
(range, 0.2 to 20.6 mm®) on the acetabular components. This
is much higher than a median of 0.1 mm® and 0.04 mm’, re-
spectively, for the thirty-three silent retrievals previously
reported™ (Fig. 2). The mean clearance was 94 pm (range, 61
to 153 um) in the squeaking retrievals and 72 um (range, 59 to
87 um) in the silent control group. This difference was not sig-
nificant (p = 0.23).

The numbers were too small to compare the wear
among the 36-mm, 32-mm, or 28-mm bearings. There was no
chipping or fracture of any of the ceramic components. Seven
of the twelve implants also had evidence of impingement of
the femoral neck against the elevated metallic rim or the ce-
ramic insert or both (Figs. 3-A and 3-B). Closer inspection of
the backside of the ceramic inserts revealed evidence of move-
ment of the ceramic inserts within the titanium shell in several
squeaking retrievals (Figs. 3-C and 3-D).

Finite Element Analysis of Edge Loading

Although impingement was present in a majority of the
squeaking retrievals, it does not appear to be necessary for
squeaking to occur. The common factor is edge-loading wear,
which may well be a critical mechanism. Furthermore, the
backside evidence of liner tilting in the shell prompted further
questions. To evaluate edge loading further, we conducted fi-
nite element analysis”’. Computed tomography scans of an in-
tact pelvis were obtained from the Visible Human Data Set
(VHD; National Library of Medicine, Bethesda, Maryland).
Slices were taken at a 1-mm thickness with no interslice dis-
tance through the entire pelvis. The computed tomography
files were then read into a contour extraction program and
saved into an IGES (Initial Graphics Exchange Specification)
file format, which was imported into Patran (MSC Software,
Los Angeles, California) to develop the pelvic geometry. The
pelvis was meshed with ten-noded, modified tetrahedral ele-
ments. The model was reconstructed with a 54-mm titanium-
alloy generic acetabular shell and a 28-mm alumina ceramic
liner, similar to the implants used in the case shown in Figure
1. The acetabular shell and ceramic liner were meshed with
use of eight-noded hexahedral elements. The shell-liner mod-
ular taper junction incorporated an 18° angle. The implant
contact conditions (Lagrangian multiplier) allowed the liner
and shell to slide with a friction coefficient of 0.9. Tied contact
conditions were applied between the acetabular shell and the
bone representing bone ongrowth. Bone material properties
were extracted from the computed tomography files by taking
the Hounsfield value and the coordinates, and mapping to the
element in the model, allowing us to calculate the Young mod-
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ulus for each element. Material properties for the shell and
liner were based on published values® for titanium alloy and
alumina ceramic (Table II).

Fixed boundary conditions were applied at the pubis
and sacrum. Loading was applied over twenty nodes in a
semielliptical manner at the outer edge of the liner to simulate
edge loading at the toe-off position of the gait cycle. Two dif-
ferent conditions were tested, representing the two different
alignments on the right and left sides of the case shown in Fig-
ure 1, that is, 45° of inclination and either 42° or 24° of ante-
version.

The results of the analysis show that there is a stiffness
incompatibility between the acetabular shell and the liner. The
shell tends to deform, uncoupling the shell-liner taper system.

SQUEAKING Hips

The liner tends to tilt out of the acetabular shell opposite the
applied load (Figs. 4-A and 4-B). With 42° of anteversion,
there was 40 pm of separation of the surfaces opposite the
load, and, with 24° of anteversion, there was only 4 pm of sep-
aration. It is this separation that may allow the acetabular shell
to become an oscillator and emit a squeaking sound. The next
section investigates this further.

What Is It That Squeaks?—Acoustic Analysis
queaking noises in hip replacements result from a forced
vibration that comprises a driving force and a dynamic
response'.
The driving force is a frictional driving force and results
from the high friction seen in hard-on-hard bearings when

Fig. 3-A

Fig. 3-B

Figs. 3-A through 3-D Previously described in a case report®, these components were retrieved from a patient after sixty months because of

pain and squeaking. (Reprinted, with permission, from: Murali R, Bonar SF, Kirsh G, Walter WK, Walter WL. Osteolysis in third-generation alu-

mina ceramic-on-ceramic hip bearings with severe impingement and titanium metallosis. J Arthroplasty. 2008 Apr 2. E pub ahead of print.)

Fig. 3-A There is evidence of impingement of the neck of the femoral component against the retrieved acetabular shell. Fig. 3-B Opposite the

point of impingement on the rim, there is edge loading of the ceramic insert and a corresponding area of wear on the femoral head (the wear

area has been colored with a blue surgical marking pen).

Fig. 3-C

Fig. 3-D

Fig. 3-C Closer inspection of the backside of the ceramic insert shows titanium metal transfer onto the edge. Fig. 3-D The titanium metal
transfer onto the edge corresponds to a scored line (identified between the arrows) inside the titanium shell, evidence of tilting of the ceramic
insert in the titanium shell.
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Fig. 4-A
Figs. 4-A and 4-B Finite element analysis of edge loading. Fig. 4-A The liner is in its normal position. Fig. 4-B The liner is “tilting” within the
shell during edge loading.

there is a loss of fluid film lubrication”" (Fig. 5). Fluid film
lubrication requires a rather delicate balance of a number of
factors, including sliding speed, lubricating fluid viscosity,
bearing roughness, clearance, and contact pressure”®. A

SQUEAKING HIPS

Fig. 4-B

breakdown of fluid film lubrication may result from edge
loading (a reduction in contact area), third bodies (such as ce-
ramic debris) in the articulation'’, damage to the articular sur-
face (increased roughness), mismatched bearing diameters®,

severe ideal
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Fig. 5

This graph illustrates the Stribeck curves for different bearing combination materials. Under ideal in vivo conditions, we assume that a ceramic-on-

ceramic (CoC) bearing will be operating with fluid film lubrication with a coefficient of friction of around 0.06'®. Metal-on-polyethylene bearings, on

the other hand, operate under conditions of boundary lubrication with a coefficient of friction of around 0.04'*%, and an increase in contact pres-

sure in this situation does not lead to an increase in the coefficient of friction®. In ceramic articulations, a loss of fluid film lubrication may result in

a coefficient of friction as high as 0.7 or 1.0*°. MoM = metal on metal.
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A screen capture of the acoustic analysis software. In the spectral view at the top of the image, the squeak can be seen as a series of parallel

lines. A fast Fourier transform of this squeak shows a harmonic series of frequency peaks with a fundamental at 1546 Hz. This is evidence of

resonance.

or perhaps other causes. Finite element analysis demonstrated
that, with edge loading, the shell deforms and the shell-liner
system uncouples, with the liner tilting in the shell. The fric-
tion of the movement between the liner and the shell is an-
other potential driving force.

The dynamic response is resonance of a part of the de-
vice (the oscillator) at a frequency that is influenced by the
natural frequency of the part”. By measuring the frequency of
squeaking hip replacements and comparing it with the natural
frequency of the component’s parts, we can determine which
part or parts could potentially be the oscillator.

In Vivo Acoustic Analysis

In order to determine the frequency and nature of the sound
emitted from squeaking hips, we performed an in vivo acous-
tic analysis®. Sound recordings from thirty-one patients with
squeaking ceramic-on-ceramic hips were collected with use
of a digital video camera recorder (DCR-DVDI101E; Sony
Electronics, San Diego, California) with an external micro-
phone (MCE 87; beyerdynamic, Heilbronn, Germany) with a
frequency response that ranges from 50 Hz to 18,000 Hz. Re-
cordings from other institutions were made with use of a va-
riety of devices. Sound files were captured on a personal
computer as 16-bit monophonic files at a sample rate of
48,000 Hz and were analyzed with acoustic software (Adobe
Audition 1.5; Adobe Systems, San Jose, California). Each re-
cording was previewed in the spectral view mode, which al-
lows easy visual identification of the squeak. In addition, all

sound recordings were played to listen for the squeak. Once a
squeak was identified, we performed a fast Fourier trans-
form, which allowed the major frequency components of the
squeaking to be easily measured (Fig. 6). We were able to de-
termine the frequency range of the recording device by ob-
serving the frequency range of the background noise on the
recording. We found that if a squeak was audible on the re-
cording, we had no difficulty determining its frequency, re-
gardless of the quality of the device used to make the
recording or the amount of background noise.

The demographic profile of the patients was similar
to that described above. They had a mean age of fifty-four
years (range, twenty-three to seventy-nine years), a mean
height of 171 cm (range, 152 to 186 cm), and a mean weight
of 79 kg (range, 52 to 111 kg). There were seventeen female
and fourteen male patients. All bearings were alumina ce-
ramic with a variety of titanium shells and cementless or
cemented stems. Ethics committee approval for this project
was obtained from our institution and from the referring
institutions, and informed consent was obtained from the
patients.

The typical Fourier transform pattern was a harmonic
series with a fundamental frequency between 400 Hz and 7500
Hz. Each patient had at least one characteristic fundamental
frequency that recurred with each squeak. Three patients who
were recorded on two separate occasions, separated by three,
eight, and eleven months, had identical frequency signatures
on both occasions.
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Fig. 7
Modal analysis of a thin-walled generic acetabular shell resonating in
the (2,0) mode.

Modal Analysis
The harmonic series seen on the acoustic analysis is evidence
that squeaking sounds are produced by resonance. In order to
improve our understanding of how the parts resonate, we per-
formed a modal analysis. Generic three-dimensional models
of a titanium-alloy anatomic femoral stem with a 12-mm dia-
physeal diameter and a 28-mm ceramic femoral head were
generated in Patran, and we used several different acetabular
component models, including the acetabular component de-
scribed above. The femoral stem was meshed with use of
ten-noded tetrahedral elements and eight-noded hexahedral
elements with use of the material properties shown in Table I1.
Boundary conditions were applied to the components

12000 -

10000

SQUEAKING HIPS

to replicate the in vivo environment as closely as possible. A
modal analysis was performed for the femoral stem with the
femoral head attached. A modal analysis was performed for
the acetabular shell and liner combined with contact bound-
ary conditions to simulate a fully matched taper junction,
contact occurring only at the mouth of the acetabular shell
and contact only occurring at the base of the taper junction.
The acetabular shell and ceramic liner were also analyzed as
separate pieces. All modal analysis was performed with use of
ABAQUS software (ABAQUS, Pawtucket, Rhode Island) with
twenty natural frequencies extracted for each analysis run.

The results of the modal analysis showed multiple possi-
ble modes of resonance for the femoral stem and head. These
were different combinations of bending and twisting in differ-
ent planes. There were no relevant modes seen with the com-
bined acetabular shell and ceramic liner because the ceramic
liner effectively locked the rim of the shell, preventing reso-
nance except at very high frequencies well above the audible
range.

The acetabular shell as a separate piece resonated in an
elliptical configuration known as the (2,0) mode, which is
typical of wine glasses and bells (Fig. 7). The ceramic liner as a
separate piece also resonated in the (2,0) mode but at a sub-
stantially higher frequency because of the material and geo-
metric differences.

Alumina ceramic and titanium alloy have similar densi-
ties (3.9 g/cm’ and 4.4 g/cm’, respectively) but very different
elastic moduli (390 GPa and 115 GPa, respectively). Further-
more, the ceramic inserts have a similar thickness but a
smaller diameter than the titanium shells, resulting in higher
natural frequencies.

In Vitro Determination of Natural Frequencies

Modal analysis suggested that resonance of the ceramic com-
ponents would occur only at frequencies above the human au-
dible range and that resonance of the metal parts would occur
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Graph representing the frequency of titanium shells resonating in the (2,0) mode. This design of titanium shell is typical in that the external diame-
ter of the shell (which corresponds to the size in millimeters) changes by 2 mm every size, but the internal diameter changes every second size.
Therefore, the thickness alternately increases and decreases usually by 1 mm. This results in a saw-tooth pattern.



109

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 90-A - SUPPLEMENT 4 - 2008

20000
< 15000 X -
L X
é 10000
(0} & x x x
3 X
8 X
= 5000 < ¥ % X
% x X X s
x % X X g
o i f);\ %XQ %xb‘ erb(
(\o‘\ o v v >
Fig. 9

Natural frequencies for this titanium stem are shown with and without
a ceramic head attached. Attachment of the head makes very little dif-
ference to the frequency, although only the lower modes could be de-
tected in some cases.

at frequencies within the audible range. Furthermore, it sug-
gested that resonance of the combined ceramic insert and tita-
nium shell would not be within the audible range. To test this
hypothesis, we performed an acoustic analysis. The natural
frequency of hip replacement components was determined ex-
perimentally with an impulsive stimulus and a simple acoustic
emission analysis. We tested titanium femoral stems and ce-
ramic femoral heads, both assembled and unassembled, and
modular ceramic and titanium acetabular components, which
included testing the titanium shell and the respective ceramic
inserts, both assembled according to the manufacturers’ in-
structions and unassembled.

We captured the sound onto a personal computer with
the same external microphone used for the in vivo acoustic
analysis, and the frequency was determined with use of Adobe
Audition. We tested four different designs of acetabular com-
ponents and four different femoral components. A range of

titanium titanium

SQUEAKING HIPS

sizes for each component was tested according to availability
from our retrieval collection.

No resonance was detected in the audible range in any
of the modular ceramic and titanium acetabular components
when they were correctly assembled. No resonance was de-
tected in the audible range in any of the ceramic liners or ce-
ramic heads when they were tested unassembled.

Audible resonance was detected in all of the titanium
shells when they were tested unassembled. The fundamental
frequency of the titanium shell ranged from 4300 Hz to 9800
Hz, with higher modes extending into the higher frequencies.
The thinner and larger shells tested had the lower frequency.
We found a saw-tooth pattern of frequency variation as a re-
sult of changing shell thickness with increasing size (Fig. 8).

The titanium femoral components have a minimum fre-
quency of approximately 1500 Hz and multiple natural fre-
quencies in the human audible range between 2 kHz and 20
kHz (Fig. 9).

In the case of ceramic-on-ceramic bearings, the natural
frequency of the ceramic parts is 220 kHz, and therefore reso-
nance of these parts is not likely to play a role in squeaking.
The natural frequencies, however, of the titanium shells and
metallic femoral components are much lower and more likely
to be factors (Fig. 10).

Discussion

his paper presents a progressive accumulation of data

from a series of studies that have been undertaken to un-
derstand the mechanisms of noise production associated with
ceramic-on-ceramic hip bearings. We have demonstrated that
squeaking in ceramic-bearing hip arthroplasty components is
related to patient factors, surgical factors, and component fac-
tors. Squeaking occurs in younger, heavier, and taller patients.
We found a higher prevalence of acetabular component mal-
position in squeaking hips, and edge loading appears to be a
causative factor. Finite element analysis revealed a stiffness

ceramic ceramic

stem shell liner head
100000 l

N
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o
5 10000 I
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Fig. 10

Graph of the natural frequencies of total hip replacement components. These frequencies, which were recorded

in air, are modulated in vivo. The damping effect of the viscoelastic tissues tends to lower the frequency.
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mismatch between the shell and liner, which may cause the
liner to tilt out of the shell and allow the shell to oscillate, pro-
ducing an audible squeak. Acoustic analysis and modal analy-
sis showed that the natural frequencies of the titanium
acetabular and metallic femoral components are related to the
actual squeaking noise in the clinical setting, suggesting that
resonance occurs in the metallic, not the ceramic, parts.

Our analysis suggests that squeaking is due to a forced
vibration with a frictional driving force and a dynamic re-
sponse. The high levels of friction produced by hard-on-hard
bearings when there is a breakdown of fluid film lubrication
provide more energy to the system than can be dissipated in
the usual way (as heat or subaudible noise). Under the right
conditions, the metallic parts amplify this vibratory driving
force into an audible event. A number of patient, surgery, and
implant-related factors must combine to produce this phe-
nomenon. Some, but not all, of the factors contributing to
squeaking are within the control of the surgeon. Careful place-
ment of the acetabular component, checking for possible
neck-to-rim impingement in extension external rotation and
in flexion internal rotation, may help to prevent edge loading.
Care must be taken to prevent tilting of the ceramic insert in
the taper at the time of insertion. Soft-tissue balancing of ce-
ramic hip replacements may be important and, on occasion, it
may be necessary to reduce the bulk of the anterosuperior
capsule if it is thickened and causing posterior subluxation in
flexion.

If a patient presents with a squeaking ceramic hip, we
first exclude ceramic breakage with a computed tomography
scan because a broken ceramic insert can cause squeaking™'
and it may not be obvious on plain radiographs. The com-
puted tomography scan also provides an accurate measure of
the acetabular component anteversion. If the noise itself is in-
frequent, and occurs only with a specific activity, then revision
surgery may not be necessary. We would counsel the patient
and follow them closely. However, if the noise itself is trou-
bling, if there is gross component malposition, if there is im-
pingement, or if the patient has symptoms of pain, then we
recommend revision surgery. At the time of surgery, com-
ponent malposition and soft-tissue impingement can be
corrected and the bearing can be revised to another ceramic-
on-ceramic, metal-on-metal, or polyethylene bearing.

We focused on edge loading because it seems to be the
dominant causative factor in our patients, but there are un-
doubtedly other causes. Other studies have found no in-
creased prevalence of acetabular component malposition in
patients with squeaking hips, and, in those patients, the
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squeak did not seem to be limited to a specific activity, sug-
gesting a different mechanism*”. Incorrect seating of the
liner at the time of surgery may allow the shell to resonate,
and damage to the articular surface may provide the severe
condition. Ceramic fragments have been aspirated from
squeaking hips, suggesting that third bodies may be respon-
sible’. Others have speculated that neck-to-rim impinge-
ment or clearance mismatch may be a cause'. There will
undoubtedly prove to be a variety of different mechanisms
by which the necessary conditions of high friction and low-
frequency dynamic response can be met.

Further work is required to improve our understanding
of the squeaking phenomenon. More in-depth clinical analysis
will provide additional insight into the in vivo conditions that
produce squeaking. We propose further finite element analysis
to compare the performance of different acetabular compo-
nent designs under edge-loading conditions, and a more so-
phisticated acoustic analysis may reveal further insights.
Perhaps there will be design changes and modifications to sur-
gical technique that can be adopted to mitigate this problem.
Ceramic-on-ceramic bearings are an attractive option because
of the extremely low wear rates” and low prevalence of
osteolysis’ and, for these reasons, they remain our bearing of
choice, especially in the young active patient. m
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