Case in Point

Asymptomatic but
Time for a Hip Revision

William T. Sheahan, MD; and Hari K. Parvataneni, MD

As the number of primary total hip arthroplasties has increased and
the average age has decreased, regular follow-ups can help
patients avoid more significant revision procedures.

otal hip arthroplasty (THA)
is considered to be one of the
most successful orthopedic
interventions of its genera-
tion.! In 2010, 332,000 THAs were
performed in the U.S.? Although
used to correct advanced joint dis-
eases in the elderly, the THA pro-
cedure has become increasingly
common in a younger population
for posttraumatic fractures and con-
ditions that lead to early onset sec-
ondary arthritis such as avascular
necrosis, juvenile rheumatoid arthri-
tis, hip dysplasia, Perthes disease,
and femoro-acetabular impingement.
Current hip replacements are
expected to function at least 10 to
20 years in 90% of patients.’ As in-
creasing numbers of young patients
have these procedures and as seniors
continue to live longer, patients will
outlast their implants. Younger and
more active patients have a higher
rate of revision, because the lon-
gevity of the prosthesis is usually a
function of usage.> The number of
revision THAs is projected to in-
crease 137% by 2030.*
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Hip resurfacing has been devel-
oped as a bone preserving surgical al-
ternative to THA. The first system for
use in the U.S. received FDA approval
in 2006, but concerns about the metal
on metal bearing surfaces, high fail-
ure and revision rates, and early cata-
strophic modes of failure compared
with THAs has resulted in the recall
of many of these devices. Hip resur-
facing may offer some advantages
compared with those of a THA in a
carefully selected population, but its
use will not be further discussed in
this case study’

Periprosthetic osteolysis and
aseptic loosening are 2 of the long-
term consequences of THA.® Bone
loss is felt to be secondary to a bio-
logic reaction to particulate debris
from implants.® Some patients,
especially those with loosening,
complete wear, or fracture, will
be symptomatic with pain. How-
ever, wear and osteolysis is a silent
disease unless there is mechanical
failure. Other patients may not ex-
perience discomfort. Radiographic
studies may reveal significant
changes, which warrant the recom-
mendation for a hip revision.

Hip revision surgery has 3 major
purposes: relieving pain in the af-

fected joint, restoring the patient’s
mobility, and removing a loose or
damaged prosthesis before irrevers-
ible harm is done to the joint. It’s
anticipated that most primary care
providers (PCPs) will encounter pa-
tients who seek advice on the need
for a revision hip arthroplasty.

This case will present an asymp-
tomatic patient who underwent a
THA in 1997 at age 37, to address
developmental dysplasia of the hip
(DDH) and was advised to undergo
a revision hip arthroplasty due to ab-
normal radiographic findings at age
55 years. A discussion will follow
that includes a brief review of the his-
tory of THA, the materials and bear-
ings commonly used, the presenting
symptoms or radiographic changes
that signal the need for a revision,
and the current options available for
a patient such as this.

CASE REPORT

A man aged 55 years presented to a
new orthopedic surgeon for his first
orthopedic appointment in 10 years.
The patient had a left metal-on-poly-
ethylene (M-on-PE) THA 18 years
prior due to early onset secondary
degenerative joint disease from DDH.
The patient’s M-on-PE THA was a
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Figure 1. X-rays of a Female Patient

A, 2009 X-ray revealed significant wear of the acetabular liner. B, 2014 X-ray revealed that patient’s femoral head had broken through the acetabular
component. C, 2014 X-ray showed massive bone loss that required a complex revision and bone grafting.

titanium acetabular socket and fem-
oral stem with a cobalt-chromium
alloy femoral head and a polyethyl-
ene liner. The patient remained phys-
ically active with an exercise routine
consisting of walking, swimming,
and weight training.

The patient’s orthopedic his-
tory was notable for a right knee
arthroscopy for intervention due
to a torn medial and lateral menis-
cus, and birth history was notewor-
thy for a breech presentation. The
physical exam was unremarkable
except for a slight leg length dis-
crepancy, but the patient did not
exhibit a Trendelenburg gait.

Plain X-rays and a computed to-
mography (CT) scan showed eccen-
tric PE wear and superior migration
of the femoral head, which was in-
dicative of significant PE liner wear.
No significant osteolysis or peripros-
thetic loosening was observed on the
X-rays or CT scan. He was advised
that a hip revision procedure would
need to be done, optimally, within
the next 6 months to a year.

DISCUSSION

Hip dysplasia represents a broad
group of disorders and generally
means abnormal development of

the hip joint. The term is most com-
monly used to refer to DDH with
inadequate coverage of the femoral
head. In one study, 25% of hip re-
placements performed in patients
aged < 40 years were due to under-
lying hip dysplasia.”

Developmental dysplasia of the
hip occurs more often in children
who present in the breech position.®
One theory argues that packaging
issues in utero may account for the
increased incidence of DDH.? The
earliest recorded attempts at hip re-
placement occurred in Germany, in
1891, when ivory was used to re-
place the femoral heads of patients
whose hip joints had been destroyed
by tuberculosis.!

The orthopedic surgeon Sir
John Charnley, who worked at
the Manchester Royal Infirmary, is
considered the father of the mod-
ern THA.! His low friction arthro-
plasty, designed in the early 1960s is
identical, in principle, to the M-on-
PE prosthesis used today.! The PE
liner used was ultrahigh molecular
weight polyethylene (UHMWPE).!

Due to the early success of the
Charnley prosthesis, the M-on-PE
prosthesis became the most widely
used. Although PE is the most stud-

ied and understood of all acetabular
liner materials, it will eventually wear
and shed debris. Acetabular cup wear
is the most frequent reason for mid-
to-long-term revisions, especially in
young and active patients.'® More ac-
tive patients shed more debris.> The
PE debris instigates the release of in-
flammatory mediators, which results
in chronic inflammation and tissue
damage that erodes the supporting
bone and can lead to implant loosen-
ing or fracture.®

Ongoing studies seek to opti-
mize and improve properties of the
UHMWPE and to develop alterna-
tive bearings. After FDA approval in
1999, highly cross-linked polyethyl-
ene liners (HXLPE) rapidly became
the standard of care for THAs, at
least in the U.S." Highly cross-linked
polyethylene liners are created from
UHMWPE through a process of
cross-linking by exposure to gamma
radiation, and subsequent heat treat-
ment to neutralize free radicals and
limit oxidative degradation.'?

In one study, the 5-year annual
linear wear rate for a HXLPE liner
was only 45% of that seen with the
UHMWPE liner, although the quali-
tative wear pattern was the same."
In a study that followed patients for

40 - FEDERAL PRACTITIONER -

FEBRUARY 2016

www.fedprac.com



7 years postoperatively, the mean
steady-state wear rate of the HXLPE
was 0.005 mm/y compared with
0.037 mm/y for UHMWPE."* In a
long-term study (a minimum follow-
up of 10 years) of 50 patients who
were aged < 50 years and underwent
THA using HXLPE liners, there was
no radiographic evidence of osteoly-
sis or component loosening, and liner
wear was 0.020 = 0.0047 mm/y.!?

In 2005, second-generation
HXLPE liners were introduced clini-
cally and have been shown to fur-
ther reduce wear in vitro compared
with both UHMWPE and first-gen-
eration HXLPE liners. Callary and
colleagues calculated that the wear
rates between 1 year and 5 years
were all < 0.001 mm/y."”>

The use of ceramic for THAs
began in 1970, and ceramic heads
on polyethylene (C-on-PE) liners
and ceramic-on-ceramic (C-on-C)
bearings have been in continual use
for > 30 years in Europe. Premarket
FDA approval based on European
data was granted in 1983; however,
the manufacturer voluntarily re-
moved it from the market because
of a high incidence of stem loosen-
ing (> 30% within 3 years in some
series).'® FDA approvals came much
later for C-on-PE (1989) and C-on-
C (2003) bearings.

Ceramic is the hardest implant ma-
terial used, and it can be concluded
from many clinical and laboratory
reports that C-on-PE and C-on-C
combinations confer a potentially sig-
nificant reduction in wear on THA
bearings.'® Ceramic hips initially had
2 concerns: catastrophic shattering
and squeaking. Current ceramic hips
have been substantially improved,
and some experts feel shattering has
been essentially eliminated.'® Other
experts note that ceramic brittleness
remains a major concern.'” Squeak-
ing remains a problem for some, but it
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usually abates over time.
No study has correlated
squeaking with impend-
ing failure or increased
pain or disability.

While C-on-C bearings
are now felt to be a good
implant for young active
patients, these bear-
ings have generally not
resulted in significantly
lower wear rates and
fewer revisions.'® High
rates of wear and osteoly-
sis have been sporadically
documented over the
35-year history of ceramic implants.'®
The FDA approved the first ceramic-
on-metal total hip replacement system
on June 13, 2011.

Metal-on-metal (M-on-M) im-
plants have been used by some for
decades, although they were not
approved by the FDA until the late
1990s. However, some device recalls
have brought negative attention to
M-on-M implants.' It was felt that
they would generate less wear debris
than PE, but reports of pseudotumors
(from inflammatory mediators) and
metallosis have significantly tem-
pered enthusiasm for these prod-
ucts.?*?! The wear rates are very low,
estimated to be only 0.01 mm/y, but
concerns about the carcinogenetic
potential of systemically increased
metal ions remains a possible and
much debated concern.!'*?># In Janu-
ary 2013, FDA issued a safety com-
munication on M-on-M implants.

Many experts feel that modern
ceramic or metal on second-gener-
ation HXLPE represents the gold
standard and the most predictable
bearing choice for young, active
patients.'® Others feel that the op-
timal choice of bearing surfaces in
THA, particularly in the younger
and more active patient, remains
controversial.**

Figure 2. Postoperative Metal Debris

Follow-Up

Intermittent orthopedic monitor-
ing is recommended for all patients
who have undergone a THA. The fre-
quency of hip X-rays on follow-up
appointments is left to the orthope-
dic surgeon. After the initial recovery,
serial images every 2 to 5 years can
identify progressive failure, and an-
nual X-rays may be used for closer
follow-up in high-risk patients.

Patients who experience disloca-
tions, fractures, infections, or pain
usually maintain close orthopedic
follow-up. Significant wear of the
prosthesis damages the socket; os-
teolysis can cause irreversible bone
loss, fracture, and loosening. Massive
acetabular bone loss is very difficult
to reverse and creates major recon-
struction challenges.

Figure 1A is a 2009 X-ray of a
woman aged 44 years who under-
went a THA after a motor vehicle
accident in 1997 and who was ad-
vised to have a revision THA when
seen in 2009. The X-ray revealed sig-
nificant wear of the acetabular liner.
Unfortunately, the patient was lost
to follow-up, and when she returned
5 years later, she had severe pain
and was unable to walk. Figure 1B
shows that the patient’s femoral head
had broken through the acetabular
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d
showed the magnitude of osteolysis.

component. She had massive bone
loss that required a complex revision
and bone grafting. (Figure 1C). Op-
erative findings included severe metal
debris from socket damage (Figure 2).
Asymptomatic patients can gen-
erate significant wear and debris
and may experience osteolysis. A
revision hip arthroplasty may be
needed to prevent long-term dam-
age. Routine surveillance can detect
these issues and allow intervention
at a time when the simplest revi-
sion could be performed. Eccentric
alignment of the femoral head in
the acetabular cup suggests wear
or breakdown of the liner and in-
creases the likelihood of instability
or dislocation. In advanced cases,
plain radiographs may show oste-
olysis in the surrounding bone.
Figure 3A is an X-ray of a man
aged 71 years who had undergone
THA 21 years earlier and had com-
plied with routine follow-up. When
his X-rays showed significant wear
of the liner and some osteolysis, he
was able to undergo a simple revi-
sion (Figure 3B).
Three-dimensional CT is useful
for quantifying the presence and se-
verity of osteolytic lesions, because
plain radiographs may underestimate
the amount of bone loss that is pres-

A, Preoperative X-ray showed significant wear of the liner and some osteolysis. B, simple hip revision. C, 3-dimensional computed tomography

ent.” The CT in Figure 3C shows
the magnitude of osteolysis that was
underestimated by the preoperative
plain X-rays (Figure 3A). Computed
tomography scans are crucial for sur-
gical planning in the setting of severe
acetabular bone loss.

There is a wide spectrum of signs
and symptoms that can occur in the
setting of acetabular component fail-
ure. Pain is a common presenting
symptom. Groin pain can represent
acetabular failure; thigh pain may
be correlated to femoral component
failure.” The clinical patient pre-
sentation ultimately depends on the
underlying cause: an infection, poly-
ethylene wear, instability, or aseptic
loosening.” Leg-length discrepancy,
joint deformity, location of prior inci-
sions, functional status, and baseline
neurologic status should be evaluated
and documented during the preop-
erative evaluation as well.”

CASE STUDY REVISION OPTIONS

The X-rays and CT scans for this
case study patient showed that he
was a possible candidate for the
simplest revision surgery; an iso-
lated liner exchange and replace-
ment of the femoral head. When
the original surgery was performed
(1997), the only FDA approved PE

liner was UHMWPE. To justify iso-
lated liner exchange, the modular
acetabular metallic shell also should
be well-fixed and appropriately ori-
ented.?® This is evaluated both pre-
operatively and intraoperatively.

If found to be well fixed with an
appropriate orientation and lock-
ing mechanism, the UHMWPE liner
could be replaced with a HXLPE
liner and a larger metal femoral
head for improved wear and stabil-
ity. Acetabular revision is indicted
for an asymptomatic patient who
has progressive osteolysis, severe
wear, or bone loss that would com-
promise future reconstruction.

CONCLUSIONS

Over the past several decades, THA
has become recognized as an effective
treatment option for the reduction of
pain and disability associated with
hip joint disease and is associated
with successful clinical outcomes.
The most frequently noted recom-
mendations for trying to increase the
life expectancy of an artificial hip
replacement include maintaining a
normal weight, keeping leg muscles
strong, and avoiding repetitive squat-
ting and kneeling.

As the number of primary THAs
has increased and the average age of

42 - FEDERAL PRACTITIONER -

FEBRUARY 2016

www.fedprac.com



those undergoing a primary THA has
decreased, the need for revisions has
risen. Reviews have demonstrated
that the most common causes for
early total hip revision, regardless of
component, included infection, in-
stability/dislocation, and fracture,
whereas wear is the most common
reason for mid to late revisions.

The wear of all materials used has
been shown to be greatest in the most
active patients.

Studies continue to identify ways
to potentially prevent or reverse os-
teolysis from wear debris. Alendro-
nate therapy has been shown to
prevent and treat PE debris-induced
periprosthetic bone loss in rats.” It
also was successfully used in a case
report of an asymptomatic woman
aged 39 years who had rapid PE wear
and aggressive periprosthetic oste-
olysis within just 2 years of a bilateral
THA.?® Other areas of research on
decreasing osteolysis in THA recipi-
ents include trials with mesenchymal
stem cells, bone morphogenic pro-
teins, and gene therapy.®

In the U.S., 46,000 revisions
were performed in 2004 and this
number is expected to more than
double by 2030.* Primary care pro-
viders are sure to encounter pa-
tients who will be in need of a hip
revision procedure. It's important
for them to make sure that their pa-
tients who have undergone a THA
are periodically seen for orthopedic
follow-up. Despite the long history
of primary THAs, there is still not
a single technique and material to
suit all patient characteristics.! Un-
fortunately, the same currently ap-
plies to hip revision procedures. @
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