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Abstract

Polyethylene wear and subsequent osteolysis are
major obstacles to the long-term success of total hip
arthroplasty (THA).

We conducted a study to determine the incidence
of loose acetabular components that did not show
frank signs of loosening on either plain radiography or
computed tomography (CT), or radiographically silent
loosening (RSL). In this retrospective study, we evalu-
ated patients who underwent revision THA and were
evaluated with plain radiography and CT between 2000
and 2012. Any patient with imaging that showed'signs
of component movement was excluded.

Of the 104 patients who met the study inclusion
criteria, 17 (16.3%) met the criteria for RSL of the
acetabular shell. Patients with RSL presented at a
similar age (P = .961) and with a similar sex profile
(P =.185).compared with patients with stableacetabu-
lar components and were more likely to present with
pain (P = .0487).

Acetabular components may be loose evenifithere
is no evidence of component migration on radiographic
studies. Surgeons should be aware of the incidence of
RSL and the potential of RSL to affect patient care and
potential surgical options.

the treatment of osteoarthritis of the hip. In numerous

studies, modern implants have shown survivorship of
more than 90% at 10 years."? Polyethylene wear and subse-
quent osteolysis are major obstacles to the long-term success
of THA.**® Polyethylene wear particles are phagocytized by
macrophages, inducing an inflammatory response that can
ultimately lead to osteolysis of the bony architecture surround-
ing the bone—implant interface.®” As modern implants often
rely on direct implant-to-bone ingrowth to maintain fixation,
wear at this junction can lead to aseptic component loosening
and ultimately require revision surgery.®'® Osteolysis can be
diagnosed with plain radiography or computed tomography

T otal hip arthroplasty (THA) is an excellent option for

(CT)." CT is more sensitive than plain radiography for the
diagnosis of osteolysis and is better able to determine the size
and location of osteolytic lesions.'*"

Although diagnosis of osteolysis is well defined in the lit-
erature, what is more challenging is radiographic diagnosis of
aloose acetabular component." The most commonly described
criteria for loosening are presence of a complete radiolucent
line of more than 2 mm in width at the bone—implant interface
and any progressive tilting or migration of the component.'*'*
CT-based criteria for component loosening remain largely un-
defined, though Egawa and colleagues'® showed that acetabular
osteolysis.involving less than 40% of the total cup surface is not
associated with component loosening. Although a patient may
show signs ofjosteolysis on postoperative imaging, this finding
does not negessitate immediate revision surgery."” Osteolysis
may be monitored clinically and followed radiographically to
determine when intervention is necessary."”

The goals of revision surgery are to eliminate the wear gen-
erator and bone=graft lytic lesions, wheremeeded torhelp main-
tain the bone—~implant interface.” The timing of such surgery is
important, as the surgeon must balance therisk for gross com-
ponent migration against the morbidity and mortality associated
with acetabular component revision.' This is in contrast to the
settings of infection, periprosthetic fracture, recurrent instabil-
ity, and component fracture/loosening, in which revision is ur-
gently indicated and the case cannot be managed conservatively.

We conducted a study to determine the incidence of loose
acetabular components without radiographic or clinical find-
ings that would necessitate urgent revision THA. Radiographically
silent loosening (RSL) was defined as an acetabular component
that was loose at time of revision surgery but that did not
show frank signs of loosening on either plain radiography or
CT. Although these patients make up a small minority of the
revision population, knowing the incidence of RSL can help
raise surgeon awareness of this potentially dangerous situation.
We further sought to determine whether patients with RSL
present with different demographic characteristics or clinical
symptoms than patients with stable acetabular components.

Materials and Methods
In this retrospective, case—control, institutional review board—
approved study, we evaluated patients who had undergone
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revision THA and had preoperative plain radiographs and CT
images. We identified patients by International Classification of Dis-
eases, Ninth Revision (ICD-9) codes (00.70, 00.71, 00.72, 00.73,
80.05, 81.53, 84.56, 84.57) and searched for those cases treated
between 2000 and 2012.

Inclusion criteria were confirmed revision THA and con-
firmed plain radiography and CT of the THA performed before
revision. When osteolysis was diagnosed by plain radiography,
CT was ordered to determine the extent of bony lesions or to
evaluate for eccentric head position or component malposition.
Last, all patients included in the study had a detailed operative
report clearly indicating acetabular component stability at time
of revision. Acetabular component stability at time of surgery
was determined according to the criteria defined by Berger and
colleagues.”” Cups were evaluated for gross motion during both
hip dislocation and during edge loading of the component after
thorough scar and capsular débridement.

Patients who did not have CT performed before revision
surgery were excluded from the study. These patients had been
diagnosed by clinical history and/or plain radiography. Cases
revised for periprosthetic infection or periprosthetic fracture
were also excluded. Patients with metal-on-metal bearings
were excluded, as were any cases revised from hemiarthro-
plasty to THA, as well as cases revised for recurrent dislocations
or component malposition.

All plain radiographs and CT images were ¢valuated by the
orthopedic surgeon who performed the revision and by a ra-

diologist. Images were inspected for signs of gross component

migration, tilting, and concentric lucency of the bone—implant
interface. Patients with imaging that showed signs of compo-
nent movement or migration (as seen by the attending surgeon
or the radiologist) were excluded. Patients with radiographic
evidence of femoral stem loosening were also excluded, as
they had an indication to undergo revision arthroplasty. The
remaining patients were then stratified into 2 groups: those
with stable acetabular components at time of revision and those
with loose acetabular components. Stable acetabular shells
showed no gross motion of the implant with dislocation, edge
loading with an impactor, or pulling with a Kocher clamp after
débridement and screw removal."*'” The 2 groups were then
compared with respect to age, sex, and most common present-
ing symptoms and diagnoses. Fischer exact test and Student ¢
test were used to statistically compare the groups.

Results

Overall, 393 patients underwent revision arthroplasty for
the diagnoses (ICD-9 codes) indicated (Figure). One hun-
dred eighty-nine patients (48.1%) had CT performed before
revision. Of these 189 patients, 85 were excluded for diag-
noses that were evident on either plain radiography or CT,
that necessitated urgent revision, or for procedures beyond
the 'scope of/the study (Table 1). CT showed a loose cup in
28 patients; 6 of these cups were also seen on CT. Thirteen
patients were diagnosed with a loose femoral stem, 10 with a

393 patients underwent revision

204 excluded because'no CT

THA between 2000 and 2012

Y

189 patients with CT scan per-

Y

scan performed

85 excluded for radiograph- or CT-based

formed prior to revision THA

Y

104 patients with no signs of com-
ponent migration or movement on
CT or plain radiographs

Y

diagnosis, urgent need for revision, or for
procedure beyond scope of study

87 patients with stable acetabular
components at time of revision

surgery surgery

17 patients with loose acetabular
components at time of revision

16.3% rate of RSL

Y

Figure. Study inclusion and exclusion criteria. Of initial 393 patients, 104 were included in study. Seventeen had diagnosis of radio-
graphically silent loosening of acetabular component. Abbreviations: CT, computed tomography; RSL, radiographically silent loosening;

THA, total hip arthroplasty.
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periprosthetic infection, and 8 with a periprosthetic fracture.

One hundred four patients (54 men, 50 women) met the
study inclusion criteria. Mean age was 65.1 years. Of these
104 patients, 87 (83.7%) had a stable acetabular shell at time
of revision surgery; the other 17 (16.3%) were diagnosed with
RSL of the acetabular shell. Osteolysis was the most common
diagnosis (89.4%) in the overall population, and pain was the
most common complaint at time of presentation (66.6%). Lack
of symptoms was the second most common presentation at

Table 1. Reasons for Study Exclusion of 85 Patients
With Computed Tomography Imaging Performed
Before Hip Revision

time of revision (19.2%) (Table 2). Patients without symp-
toms underwent revision surgery because of concern about
impending compromise of the bone—implant interface and
progressive osteolysis.

The 2 groups (stable vs unstable acetabular shells) were
not significantly different with respect to age (P = .961) or
sex distribution (P = .185). All patients in the RSL group were
diagnosed with osteolysis radiographically, and 15 (88%) of
17 patients presented with pain as the primary complaint,
compared with only 54 (62%) of 87 patients in
the group with stable shells. Patients with RSL
were significantly more likely to present with
pain as the primary complaint (P = .0487).
Nineteen patients in the stable implant group

Reason

Computed tomography-based diagnosis of:
Loose acetabular component
Loose femoral component

Urgent need for revision surgery for:
Periprosthetic infection
Periprosthetic fracture
Recurrent dislocation
Polyethylene liner dissociation
Metal hypersensitivity reaction
Catastrophic wear of femoral head through acetabular shell

Procedure beyond scope of study
Hemiarthroplasty converted to total hip arthroplasty
Revision of cage construct
Resurfacing revision
Hip.arthrodesis take-down and conversion to total hip arthroplasty.
Revision for heterotopic ossification
Revision forjwear around all-polyethylene cup

Patients, n and only 1 patient in the RSL group were as-
ymptomatic, but this was not statistically sig-
28 nificant (P = .185) when compared against all
13 other diagnoses.
10 Discussion

8 We defined RSL as an acetabular component
6 that was loose at time of revision surgery but
3 that did not show frank signs of loosening on
2 either plain radiography or CT. Patients with
L RSL and the surgeons who treat them are in a
difficult position. In the setting of osteolysis,
6 patients can be treated with serial radiographic
4 imaging and clinical monitoring to determine
1 if and when revision arthroplasty should be
Y performed./“Howeverygiven, thetcomplexity
! and risks'associated with revision THA{ sur-
! geons should be aware that'the acetabular shell

Table 2. Demographics, Diagnosis, and Symptoms: All Patients
vs Patients With Stable and Unstable Acetabular Components

may Qi€cessitate revision even if it does not ap-
pear to be frankly unstable on radiographic
imaging.'®

Of the 393 patients who underwent revi-

Patient Group

sion THA at our institution, 48.1% were evalu-

Stable Acetabular Loose Acetabular

ated with CT. Eighty-five of the 189 patients

All Component Component who underwent CT were diagnosed with ra-
(N =104) (n=87) (n=17) P diographic loosening, or were diagnosed as
Age,y needing urgent revision THA in the setting of
Mean 65.1 65.1 65.3 961 loose components, periprosthetic infection,
SD 136 12.9 17 - periprosthetic fracture, or catastrophic im-
e e SR S . plant failure. Of the remaining 104 patients,
Sex, % female 48.1% 44.8% 64.7% 185 17 (16.3%) met the diagnosis of RSL of the
Dlagno&s .......................................................................................... acetabular component. The most common
Osteolysis 93 76 17 204 complaint was pain, and the most common
Polyethylene wear 7 7 0 _ diagnoses were osteolysis and polyethylene
Abductor deficiency 4 4 0 — wear. Age and sex were not associated with
Sym ptoms ........................................................................................ increased likelihood of RSL.
Pain 69 54 15 04872 Our study has several limitations. We de-
None 20 19 1 185 fined the radiographic diagnosis of loose ac-
Instability 9 8 1 >.99 etabular components as components showing
Mechanical symptoms 5 5 0 — frank migration, tilting, or a 2-mm concentric
Hip weakness 1 1 0 — lucency on plain radiography or CT. Although

aStatistically significant.
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lar components, more sensitive radiographic measures have
been described.'® We also excluded patients with recurrent
dislocations and metal-on-metal prostheses, as these cases in-
crease the metal artifact on CT and limit the ability to evaluate
the bone—implant interface. Metal artifact remains an ongoing
challenge to use of CT for post-THA imaging. However, tailored
imaging protocols are helping to eliminate metal artifact. Bone
scan was not used to evaluate for possible component loosen-
ing. Although sensitivity and specificity are about 67% and
76%, respectively,”” Temmerman and colleagues® also found
poor intraobserver reliability (0.53) for bone scans in the set-
ting of uncemented acetabular components. Last, our study
did not evaluate the bony ingrowth patterns that corresponded
to stable or unstable fixation and did not evaluate the volu-
metric size or anatomical location of the osteolytic lesions on
CT. Careful assessment of these variables is clinically relevant
when trying to determine if revision arthroplasty is warranted.

Although we used relatively simple radiographic criteria
to define loose components, more sensitive and specific tech-
niques have been described for both plain radiography and CT.
Moore and colleagues® described 5 radiographic signs of bony
ingrowth; when 3 or more were present, sensitivity was 89.6%
and specificity 76.9%. Mehin and colleagues® suggested that
osteolysis involving more than 50% of the circumference of
the shell on a standard pelvic radiograph might/equire revi-
sion arthroplasty. However, more recent studjes have found
that anteroposterior and lateral radiographs‘are less able to
evaluate the anterior and posterior rims of the bone—implant
interface, and it is this ingrowth area that may be the most
crucialfor, stable osseointegration. !4

CT has expanded our ability to evaluate the bone—implant
interface in/3 dimensions. Egawa and colleagues'® described
using CT to evaluate thefsurface area involved with osteolysis
and found that less than 40% involvement of the surface area
generally corresponded to well-fixed components. Further-
more, they found that osteolysis generally creates lesions in-
ferior and superior to the acetabular component and less often
involves the anterior and posterior rims, which may be more
important for stable fixation. The authors noted that volumetric
analysis and CT were not as cost-effective as plain radiography
and were more time- and skill-intensive.

Osteolysis itself remains a common indication for revi-
sion THA. However, the most appropriate procedure remains
controversial. Mallory and colleagues* recommended explant-
ing all acetabular shells in the setting of revision arthroplasty.
They indicated that full assessment of the bony pelvis and any
lytic defects was possible only with the wide exposure gained
by acetabular component removal. More recent studies have
begun to justify isolated component revision in the setting
of well-fixed acetabular shells. Studies by Maloney and col-
leagues,'® Park and colleagues,”® and Beaulé and colleagues™
have shown excellent outcomes with retention of well-fixed
acetabular shells and removal of the wear generator in the
setting of osteolysis. Haidukewych' wrote that the goals in
addressing osteolysis in revision THA are to eliminate the
wear generator, débride osteolytic lesions, and restore bone
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stock. Surgeons should weigh the benefits of component re-
tention and isolated liner exchange against the morbidity as-
sociated with explantation and preparation for implanting a
new component. Good outcomes have been achieved with
isolated component exchange, but surgeons should be aware
that instability remains the most common complication after
isolated liner exchange.?

The majority of our patients with RSL presented with com-
plaints of pain and the diagnosis of osteolysis. One patient who
had the diagnosis but was clinically asymptomatic was found
to have a loose acetabular shell at time of revision surgery.
Given the increased morbidity associated with acetabular com-

A surgeon who detects RSL before gross
migration or movement of the acetabular
component may be better able to plan
for revision arthroplasty before a
catastrophic event that may necessitate
arlarger, more complex procedure.

ponentrevision, this patient’s condition represents a dangerous
combination of RSL and clinically asymptomatic component
loosening. By raising awareness about RSL and its incidence, we
should be abletotincrease ourability tordetect RSia A surgeon
who detects RSL before gross migration or movement,of the
acetabular component may be better able'to'plan for revision
arthroplasty before a'catastrophic'event that may necessitate a
larger, more complex procedure. With the number of patients
who require revision THA continuing to rise, surgeons should
be aware of the incidence of RSL and the potential of RSL to
affect patient care and potential surgical options.
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