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Abstract

The diagnosis of a deep infection complicating total hip arthroplasty is not difficult
in most patients. When the diagnosis is not evident on the basis of the medical his-
tory, physical examination, routine blood work, and plain radiographs, indium-
111–labeled leukocyte scintigraphy can be diagnostic. New immunologic
techniques may allow differentiation of aseptic loosening from septic loosening of a
painful total hip arthroplasty. Once the diagnosis of a deep infection about a total
hip arthroplasty has been established, there are several treatment options. Oral
antimicrobial therapy combining rifampin with a fluoroquinolone may prove to be
an attractive alternative to surgical intervention in the treatment of some staphy-
lococcal infections. If the causal microorganism is considered to be less virulent and
does not elaborate glycocalyx, a one-stage procedure for reconstructing the hip with
a cemented total hip arthroplasty incorporating antibiotics that are cidal to the
microorganism has been successful in as many as 90% of patients. If the causal
microorganism is considered to be virulent, a two-stage procedure with a prolonged
interval between the Girdlestone resection arthroplasty and the second-stage recon-
structive procedure is the treatment of choice.
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Total hip arthroplasty has been a
remarkably successful operation,
restoring function and alleviating
pain in the vast majority of patients.
The incidence of postoperative
complications has been unusually
low. The most common complica-
tions include aseptic loosening, dis-
location, thromboembolic disease,
and postoperative sepsis. In recent
years, osteolysis secondary to par-
ticulate debris of both high-density
polyethylene and metal has super-
seded aseptic loosening secondary
to use of polymethylmethacrylate
as the primary complication.

Incidence

Deep postoperative wound infec-
tions complicating total hip arthro-

plasty were common when the pro-
cedure was introduced by Sir John
Charnley in the early 1960s. The
infection rate at that time ranged
from 7% to 10%1,2 (Table 1).  Improve-
ments in operating room discipline
(e.g., limiting the number of person-
nel, decreasing traffic, improved bar-
rier draping, and use of sterile
suction systems) and surgical tech-
nique (e.g., performing the proce-
dure more rapidly) and more careful
preoperative evaluation of patients
have reduced the incidence to 0.5%
or less.1 With more intensive effort,
specialized centers have further
reduced the incidence of infection
following total hip arthroplasty in
patients with primary osteoarthrosis
to 0.06%.1,2

Unfortunately, this reduction in
the incidence of deep postoperative

sepsis to such low levels has not
been translated to the general com-
munity hospital. The Health Care
Finance Association has reported
the incidence of postoperative
infection in the entire country to be
greater than 1% in the Medicare
patient population.11

Diagnosis and Treatment
Overview

In my experience, the diagnosis of
deep sepsis about a total hip arthro-
plasty can be made on the basis of
the clinical history and physical
examination in approximately 25%
of patients. In 50% of patients, the
diagnosis of deep sepsis may require
the use of extensive laboratory
investigations, including radiogra-
phy, nuclear imaging, examination
of peripheral blood for determina-
tion of the erythrocyte sedimenta-
tion rate (ESR) and the C-reactive
protein level, and aerobic and anaer-
obic incubation of clinical material
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obtained by aspiration of the joint.
In the remaining 25% of patients, the
exact diagnosis eludes detection by
these commonly performed proce-
dures.  Histologic and microbiologic
examination of tissue obtained by
open biopsy can be used to establish
the diagnosis.  Newer molecular
techniques for biologic and im-
munologic study appear to be
promising.

While some believe that the use of
specialized operating rooms is cen-
tral to optimal treatment, prelimi-
nary analysis of a randomized,
prospective study of a horizontal,
unidirectional airflow system sug-
gests that attention to detail in the
preoperative assessment of the
patient, operating room discipline,
and the prophylactic administration
of antimicrobial agents are probably
the most critical factors in the further
reduction of the incidence of deep
postoperative sepsis.2,9 Although
there has been discussion of the

superiority of one class of antimicro-
bial agents over another, the data
from carefully studied patient popu-
lations suggest that first- and sec-
ond-generation cephalosporins and
semisynthetic penicillinase-resistant
penicillins are equally effica-
cious.1,11,12

The appropriate treatment of a
deep wound infection about a total
hip arthroplasty remains controver-
sial. A two-stage technique with
total extirpation of the prosthetic
components followed by delayed
reconstruction has been the primary
technique in North America.  Buch-
holz et al13,14 popularized a one-stage
technique in which the components
were surgically excised and the hip
was reconstructed with antibiotic-
impregnated bone cement during
the same procedure.  While antibi-
otic therapy alone has been reserved
for patients considered too ill to
withstand a major surgical proce-
dure, newer techniques that have

evolved may make such treatment a
viable alternative.  All three of these
approaches utilize extensive health-
care resources and are extremely
expensive.

Classification

Postoperative wound infection fol-
lowing total hip arthroplasty has
been categorized into three stages on
the basis of when the symptoms
begin and the clinical cause of the
infection. Stage I infections include
the classic fulminant postoperative
infection, the infected hematoma,
and the superficial infection that
progresses to a deep infection.  The
indolent infection that usually
becomes apparent 6 to 24 months
postoperatively constitutes a stage II
infection.  Infections that develop in
a previously asymptomatic total hip
arthroplasty 2 or more years postop-
eratively and that are believed to be
hematogenous in origin are stage III
infections.

Stage I Infections (Acute
Postoperative Infections)

When purulent material drains from
a red and swollen postoperative
wound in a febrile patient (stage I
infection), the diagnosis of postoper-
ative sepsis can be easily established.
However, such clinical manifesta-
tions of infection are encountered in
a minority of the patients with an
infected total hip arthroplasty.

The major challenge encountered
is differentiating a superficial from a
deep infection in a patient with per-
sistent postoperative serous drainage
from the wound or from drain sites
(Fig. 1).  There are no diagnostic, lab-
oratory, radiographic, or scinti-
graphic techniques that permit this
differentiation during the immediately
postoperative period.  Determining
whether an early postoperative infec-
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tion emanates from beneath the fascia
can be difficult, even with direct
inspection of the wound (e.g., when
the patient is returned to the operat-
ing room for debridement of a drain-
ing wound or decompression of a
hematoma).  When no defect in the
fascia is identified in the operating
room, it can be assumed that the
infected hematoma is superficial, and
opening the fascia is therefore not
surgically indicated.

Occasionally, a patient with a
painful total hip arthroplasty and
radiographic evidence of loosening
6 to 18 months postoperatively will
have a medical history of drainage
after surgery.  Such a history can be
of paramount importance, provid-
ing sufficient information for the
surgeon to pursue a variety of
investigative diagnostic techniques
to establish the presence or absence
of sepsis before revision total hip
arthroplasty.  My recommended
protocol is to routinely obtain an
ESR and a C-reactive protein level
as screening tests for a low-grade
infection.  If the patient does not
have a collagen disease and the ESR
and C-reactive protein concen-
tration are elevated, indium-
111–labeled autologous white
blood cell (WBC) imaging is per-
formed.  If the indium study
reveals evidence of sepsis, aspira-

tion and arthrography are per-
formed.  If a causal microorganism
is not recovered from the aspirate,
aspiration should probably be
repeated.  If a second aspiration is
not useful in identifying the causal
microorganism and a one-stage
procedure is planned, considera-
tion should be given to a limited,
open biopsy to recover the causal
microorganism, determine whether
it elaborates glycocalyx, and iden-
tify its susceptibility pattern.

Stage II Infections (Delayed
Deep Infections)

The patient who has a well-healed
wound and a painful total hip
arthroplasty, especially the patient
who has had some pain from the
time of surgery, represents a diag-
nostic dilemma for the orthopaedic
surgeon. The pain may be caused by
aseptic mechanical loosening of one
or both components of the arthro-
plasty.  Alternatively, it may repre-
sent a low-grade, indolent infectious
process (stage II infection).  In a
patient without a history of fever,
chills, or postoperative wound
drainage, pain about a total hip
arthroplasty can be caused by vari-
ous pathologic conditions, including
low-grade sepsis.

Radiographic Evaluation
A radiolucent line about the bone-

cement interface of one or both com-
ponents frequently will be seen on
routine radiographic examination of
the hip.  Unfortunately, such radio-
lucent lines usually do not permit
differentiation of aseptic from septic
loosening.  Endosteal erosions about
the femoral canal are common radio-
graphic findings, but can occur with
both aseptic and septic loosening.

Rarely, a patient will have lacy
periosteal new-bone formation
about the femoral cortex on plain-
radiographic examination.  In my
experience, when seen with or with-
out evidence of loosening of the
femoral component, it is pathogno-
monic of a deep infection.  It usually
occurs at the junction of the metaph-
ysis and the diaphysis on the medial
side of the proximal femur.  How-
ever, with the implantation of long
stems during revision arthroplasty,
it can also be seen along the medial
aspect of the distal metaphysis.
Unfortunately, this pathognomonic
sign occurs in only 1% to 2% of
patients with infections about hip
implants.

Laboratory Evaluation
The hemoglobin level, peripheral

leukocyte count, differential count,
serum C-reactive protein level, and
ESR frequently are normal or equiv-
ocal.  In my experience, up to one
fourth of patients with a painful total
hip arthroplasty have a normal ESR.
Sanzén and Carlsson15 have noted
that neither the C-reactive protein
level nor the ESR is universally ele-
vated in patients with infection
about a total hip arthroplasty.  They
also suggested that both laboratory
studies be performed routinely.  Fur-
thermore, one fifth of the patients
who undergo total hip arthroplasty
have a collagen disease that can
increase the ESR.

Bauer and Saltarelli16 recently
compared the serum C-reactive pro-
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Fig. 1 Hip wound in a 48-
year-old man 7 days after
revision total hip arthro-
plasty.  Erythema, ecchymo-
sis, and a small amount of
bloody drainage from the
proximal aspect of the
wound are evident.  Surgical
debridement in the operating
room revealed an infected
deep hematoma. The wound
healed uneventfully after
debridement and parenteral
antimicrobial therapy.



tein level with the ESR in patients fol-
lowing total hip arthroplasty.  They
found that the serum C-reactive pro-
tein level returned to normal more
quickly and was more accurate in
identifying patients with a deep
infection.  If this observation is cor-
roborated by studies in other major
centers with large volumes of hip
surgery, determination of the C-reac-
tive protein level should replace the
ESR in the evaluation of the patient
with a painful total hip arthroplasty
as a screening test for the presence of
a low-grade infection.  However, as
noted above, Sanzén and Carlsson
recommend using both studies.

Hip Arthrography and
Aspiration

Arthrography of the hip can
demonstrate pocketing of the
radiopaque medium in the area of
the pseudocapsule, which suggests
infection (Fig. 2).  Unfortunately, this
finding is uncommon.  One must be
careful in the interpretation of the
arthrogram, as some patients with
arthrographic evidence of loosening
of a total hip arthroplasty are
asymptomatic.

Arthrography provides an oppor-
tunity to aspirate joint fluid.  Aerobic
and anaerobic incubation of the hip
aspirate permits recovery of the
causal organism in two thirds of
cases of infected total hip arthro-
plasty.  Furthermore, if pocketing of
the dye is observed within the
pseudocapsule, there is a high likeli-
hood of a deep infection.

While arthrography and aspira-
tion can provide important informa-
tion about the status of a painful
total hip arthroplasty, their routine
use is not cost-effective and should
be avoided.17 I reserve arthrography
and aspiration for the evaluation of
patients with noninflammatory
arthritis and a painful total hip
arthroplasty who have an elevated
ESR or an elevated C-reactive pro-
tein concentration.

Scintigraphic Evaluation
For more than two decades,

orthopaedic surgeons have at-
tempted, with variable results, to
use scintigraphic examination in
their evaluation of the patient with a
painful total hip arthroplasty.
Scintigraphy has gradually become
more reliable with the evolution of
new diagnostic materials.

Indium-111–labeled autologous
WBC scintigraphy has superseded

differential imaging with tech-
netium and gallium.18,19 It is not
only more specific but also more
accurate in distinguishing aseptic
from septic loosening of painful
arthroplasties.  In a prospective
study of 42 patients with suspected
low-grade musculoskeletal infec-
tions, In-111–labeled WBC scintig-
raphy correctly identified the
presence or absence of sepsis in 37
patients (88%).18 In the same study,
differential technetium and gallium
scintigraphy was accurate in only 26
patients (62%) (P,0.001). The cost-
effectiveness of In-111–labeled WBC
scintigraphy depends on its selec-
tive application.  As mentioned pre-
viously, I do not use In-111–labeled
WBC scintigraphy unless the
patient has an elevated ESR or
C-reactive protein concentration.
In a canine total hip model,
In-111–labeled WBC scintigraphy
was found to distinguish accurately
among aseptic loosening, septic
loosening, and a securely fixed
arthroplasty in 14 of 15 dogs.20

General surgeons have found
imaging with technetium-99m
methylene diphosphonate–labeled
leukocytes to be effective in the eval-
uation of abdominal abscesses.21

Although some researchers have
suggested that this imaging tech-
nique is applicable to the muscu-
loskeletal system,22 its use in the
patient with a painful total hip
arthroplasty has been disappoint-
ing.  In a study of 29 patients who
were treated surgically, I found this
technique to be associated with an
unacceptably high rate of false-posi-
tive images, especially in the evalua-
tion of patients with a Girdlestone
resection arthroplasty who were
being evaluated for hip reconstruc-
tion with a two-stage technique.  The
sensitivity of technetium-labeled
leukocyte imaging was 86%, the
specificity was 65%, and the accu-
racy was 74%.  While the predictive
value of a negative examination was
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Fig. 2 Arthrogram of a 51-year-old man
with a painful, cemented total hip arthro-
plasty reveals pocketing of the dye in the
pseudocapsule. Routine radiographs
revealed a circumferential radiolucent line in
Charnley-DeLee zones I, II, and III with lytic
erosion of the proximal femur, particularly
about the greater trochanter. There were
additional lytic lesions on the table-down
lateral view at the bone-cement interface at
the junction of the middle and distal thirds
of the femoral component.  Cloudy fluid was
aspirated, and both polymorphonuclear
leukocytes and Gram-positive bacteria were
noted on analysis.



93%, the predictive value of a posi-
tive examination was only 63%.
Although an advantage of tech-
netium-labeled leukocyte scanning
is its ease of use for the nuclear radi-
ologist, with less exposure to blood
products by the nuclear radiology
laboratory personnel, this scinti-
graphic examination does not com-
pare favorably with In-111–leukocyte
scintigraphy.

New Scintigraphic Modalities
There are two new diagnostic

scintigraphic agents currently
undergoing Food and Drug Ad-
ministration (FDA)-controlled
evaluations in the United States.  In-
111–labeled immunoglobulin G
(IgG) is a new agent that can be used
for the diagnosis of low-grade sepsis
about a painful implant (Fig. 3).23,24

While this technique is new in the

United States (but will receive FDA
approval in the near future), experi-
ence in Europe suggests that it will
enhance the diagnosis of muscu-
loskeletal infections if there is no
inflammatory reaction from particu-
late debris.

Unfortunately, the most frequent
differential diagnosis in the patient
with a painful total joint arthro-
plasty includes both aseptic loosen-
ing and low-grade infection.  In a
preliminary FDA-controlled study, I
did not encounter false-positive
images in patients with aseptic loos-
ening of total joint arthroplasties.
False-positive images were encoun-
tered in one patient with a retained
sponge and in two patients with a
Girdlestone resection arthroplasty.
This study suggests that the particu-
lar polyclonal antibody being used in
the United States may obviate the

problem encountered in Europe
with an earlier version of the anti-
body or a different antibody.
In-111–labeled IgG scintigraphy
will require further study to deter-
mine whether it can differentiate
these two conditions.  It does, how-
ever, appear to hold promise in the
diagnosis of a low-grade infectious
process about an orthopaedic
implant.

Another new scintigraphic agent
currently undergoing FDA evalua-
tion is Tc-99m monoclonal antibody.
The early experience with this agent
suggests that it may be more accu-
rate than the In-111–labeled IgG
polyclonal antibody.  Both of these
diagnostic agents will need wide-
spread application in a variety of
environments before their overall
efficacy and cost-effectiveness can
be evaluated.
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Fig. 3 Images of a 60-year-old man with a painful revision total hip arthroplasty who experienced prolonged drainage (3 weeks) after the
primary procedure.  A, Anteroposterior radiograph reveals a cementless total hip arthroplasty 18 months after surgery.  There are erosions
of the lateral femoral cortex about the distal third of the femoral stem.  The patient complained of groin and thigh pain predominantly with
weight-bearing but also with rest and during the night.  His ESR (Westergren) was 40 mm/hr.  B, An image obtained with In-111–labeled
IgG (polyclonal) reveals increased uptake about the proximal femur and acetabulum, consistent with low-grade sepsis. Two species of
Staphylococcus epidermidis were isolated from a hip aspirate: one was β-lactamase–positive, glycocalyx-negative, and methicillin-susceptible; the
other was β-lactamase–positive, glycocalyx-negative, and methicillin-resistant.  C, Anteroposterior radiograph obtained 18 months after
a two-stage reconstruction.  Six months after Girdlestone resection arthroplasty, the hip was reconstructed with a cementless total hip arthro-
plasty with hydroxyapatite coating on the proximal third of a calcar-buildup femoral component.  The patient has returned to normal activi-
ties without pain, and the prosthetic-cement interfaces appear stable without erosions or other evidence of an ongoing infectious process.
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Histologic and Microbiologic
Evaluation

In a few patients, all preoperative
examinations will fail to differenti-
ate mechanical from septic prob-
lems. A limited open biopsy of areas
with radiographic evidence of ero-
sion of the endosteal surfaces of the
acetabulum and femur can prove
helpful. Tissue for both pathologic
(histologic) and microbiologic (aero-
bic and anaerobic incubation) exam-
ination can be diagnostic.  In some
cases, the final diagnosis can be
based on histologic examination of
multiple frozen-section deep-tissue
specimens obtained from the
pseudocapsule and the femoral and
acetabular membranes during surgi-
cal treatment of the painful arthro-
plasty.

In addition, adjacent surgical spec-
imens should be sent to the microbi-
ology laboratory for aerobic and
anaerobic incubation to confirm the
pathologic diagnosis. It is important
to send several specimens to both
laboratories.  I routinely send three
specimens—one from the pseudo-
capsule, one from the membrane
between the bone and the acetabular
component or acetabular bone-
cement interface, and one from the
membrane between the femoral com-
ponent and the femur or the femoral
bone-cement interface and the femur.
If the pathologic and microbiologic
findings do not correlate, the avail-
ability of both microbiologic and his-
tologic data about adjacent tissues
provides the surgeon with additional
information on which to base deci-
sions.  For example, the isolation of
Staphylococcus epidermidis in the adja-
cent tissue specimen without the
presence of polymorphonuclear
leukocytes, which would reflect a for-
eign-body reaction, suggests that the
microorganism is a contaminant.

Only rarely does one encounter
histologic evidence of an infectious
process without bacterial growth on
either the aerobic or the anaerobic

media. Frequently in such cases, the
patients received antimicrobial ther-
apy before the surgical procedure.  If
the results of microbiologic analysis
are to be of value in the decision-
making process, antimicrobial ther-
apy must be withheld until clinical
material has been analyzed by the
microbiology laboratory.

Immunologic and Molecular
Diagnostic Techniques of the
Future

Circulating mononuclear cells
from patients with aseptic loosening
of a cemented total hip or knee
arthroplasty have been demon-
strated to have a T-cell response
with concomitant elaboration of
cytokines during in vitro exposure
to polymethylmethacrylate particles
measuring less than 10 mm; this
response is statistically different
(P,0.05) from that encountered in
patients with painless, functioning
total joint arthroplasties.25 Prelimi-
nary studies also suggest that
patients with aseptic loosening have
a different response from those with
septic loosening:  the patients with
sepsis displayed elevated inter-
leukin-2 levels (P,0.003); the
patients with aseptic loosening had
elevated levels of gamma interferon,
but this elevation was not statisti-
cally significant (P = 0.15).  These
preliminary results suggest a role for
immunologic techniques in accu-
rately differentiating aseptic from
septic loosening.  While further
studies remain to be performed, this
may prove to be the best method to
use in cases in which the diagnosis is
not obvious from routine studies.
Recent laboratory investigations
have suggested that certain subsets
of the T-cell repertoire respond to
musculoskeletal infections and may
be different from those that respond
to aseptic loosening.  If such findings
are confirmed with clinical experi-
ence, this may be the ideal diagnos-
tic test.

Another new technique, poly-
merase chain reaction, relies on the
identification in the tissues of DNA
fragments from microorganisms
that have been phagocytosed and
partially digested.  When the frag-
ments are amplified, the genetic
code of the causal microorganism
can be identified.  This technique is
exquisitely sensitive. A negative test
may be the most important finding
at this time because most, if not all,
surgical wounds are contaminated
at the time of surgery; thus, bacterial
DNA remnants would not be sur-
prising.

Stage III Infections  (Late
Hematogenous Infections)

Diagnosis of stage III infections
poses little difficulty.  The patient
will frequently have had a recent
surgical treatment, dental manipula-
tion, or remote infection.  The infec-
tious process will be heralded by the
classic symptoms, including the
acute onset of pain with a febrile
response.  Laboratory evaluation
will reveal elevations of the ESR and
C-reactive protein concentration, as
well as elevation of the peripheral
WBC count with a shift to the left.
Purulent material can be obtained by
means of aspiration.

Microbiology of the
Infected Total Hip
Arthroplasty

During the past decade, multidrug-
resistant microorganisms have been
isolated with increasing frequency
from postoperative infections com-
plicating cardiovascular, thoracic,
and general surgical procedures.
For this reason, some cardiovascular
surgeons have recommended the
prophylactic administration of a
combination of a second-generation
cephalosporin and an aminoglyco-
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side to combat resistant Staphylo-
coccus organisms.26 Others have
suggested the routine use of van-
comycin in patients receiving any
type of biomedical implant.

The microbiologic characteristics
of infections following total joint
arthroplasty have also changed in
recent years, but in a different fash-
ion from those attributed to cardio-
vascular thoracic surgery.  In my
experience in the past 3 years, the
overall distribution of the microor-
ganisms recovered from 105 patients
with an infected total joint arthro-
plasty has not changed from that pre-
viously documented over the
previous two decades (Table 2).
Gram-positive isolates were recov-
ered from almost three fourths of the
patients.  However, when one stud-
ies the microbiologic findings in
greater detail, the patterns of resis-
tance were quite distinct from those
reported by other surgical subspe-
cialists.  Staphylococcus epidermidis
has become the most frequently iso-
lated causal organism, recovered
almost twice as frequently as Staphy-
lococcus aureus. While methicillin
resistance was uncommon among
the isolates of S epidermidis recovered
during the past 3 years (occurring in
only 17% of cases), the vast majority
of the isolates (93%) elaborated β-
lactamase, which would render them
resistant to any of the antimicrobial
agents containing a β-lactam ring.  In
contrast, half of the isolates of S
aureus were found to be methicillin-
resistant, and 100% of the isolates
tested elaborated β-lactamase.

Although one can postulate that
the extensive prophylactic adminis-
tration of a first-generation cephalo-
sporin over the past 15 years may be
responsible for the emergence of the
β-lactamase–producing causal
organisms, there appears to be no
need to make drastic alterations in
the antimicrobial agents adminis-
tered prophylactically.  I have docu-
mented that the incidence of

postoperative sepsis following pri-
mary total hip arthroplasty has been
reduced to less than 0.5% in patients
with idiopathic coxarthrosis.2 This
reduction in deep sepsis following
this commonly performed surgical
procedure reflects many changes
that have taken place over two
decades, and the prophylactic
administration of antimicrobial
agents continues to be one of the

more critical aspects of therapy
implemented by orthopaedic sur-
geons.  However, the reduction in
the incidence of deep sepsis by one
to two orders of magnitude from the
time of the introduction of total hip
arthroplasty into the United States
appears to have come at the price of
the emergence of a new type of resis-
tance, namely, the elaboration of
enzymes that render the causal
organism resistant to commonly
administered agents that have a rel-
atively high degree of safety.  Even
in view of this change in resistance,
there appears to be no need to
change the type of antimicrobial
agent administered prophylactically
during surgery.  The low incidence
of postoperative sepsis detailed
above suggests that there is no need
to alter the use of an antistaphylo-
coccal agent.

Another subtle form of resistance
involves the creation of a biofilm
layer, which is a collection of exoge-
nous host factors, microorganisms,
and extracellular microbial products
that promotes development and per-
sistence of orthopaedic implant-
related infections.27 It has been
known for some time that the viru-
lent organism S aureus produces
extracellular products that play a
role in infection.  Fibronectin and
plasma proteins appear to combine
with S aureus to assist in the ad-
herence of the microorganism to
biomaterials, including polymethyl-
methacrylate, chrome-cobalt alloys,
titanium, and high-density polyeth-
ylene.  The adherence of S aureus
organisms to orthopaedic implants
decreases their susceptibility to
killing by polymorphonuclear leu-
kocytes.

Staphylococcus epidermidis organ-
isms and other coagulase-negative
staphylococci are also capable of
elaborating an extracellular polysac-
charide, which is referred to as gly-
cocalyx, or slime.  This extracellular
glycoprotein provides a binding
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mechanism for these microorgan-
isms to adhere to orthopaedic
implants.  Interestingly, glycocalyx
does not have virulent properties in
the absence of a foreign body or
dead tissue that can behave as a for-
eign body.  In the evaluation of the
105 patients with infections of a total
joint arthroplasty referred to above,
52% of the isolates of S epidermidis
and 28% of the isolates of S aureus
elaborated glycocalyx.

The mechanism by which glyco-
calyx creates resistance to antimicro-
bial therapy has been thought to
involve either (1) inhibition of the
penetration of the antimicrobial
agent through a thick material by the
chemical composition of the biofilm
or (2) inactivation of the inhibitory
or cidal activity of the antimicrobial
agent by the microenvironment of
the biofilm or the metabolic state of
the microorganism within the
biofilm.  Recent in vitro studies doc-
umented that antimicrobial agents
such as vancomycin and rifampin
could penetrate biofilm and achieve
bactericidal concentrations at the
surface of implants.28 Nevertheless,
these agents were not capable of
sterilizing an implant with 72 hours
of treatment, even though in vitro
susceptibility testing indicated that
the causal microorganism was sus-
ceptible to both.

This information suggests that
alteration of the microenvironment
or an altered state of bacterial metab-
olism is responsible for the resis-
tance afforded to the bacteria that
elaborate biofilm.  Furthermore, it
supports the difficulty that can occur
when laboratory studies report the
inhibitory effect of antimicrobial
agents with reference to planktonic
bacteria (free-living individual
organisms).  The sessile forms of
bacteria found in biofilm (which
attach themselves to surfaces) are
generally more resistant than their
planktonic counterparts to killing by
antibiotics.  It has been proposed

that the “biofilm-eradicating con-
centration” would be a more appro-
priate indicator in estimating in vitro
antimicrobial activity than the more
traditional minimal inhibitory con-
centration.

If the causal microorganism elab-
orates glycocalyx, it is highly likely
that microorganisms will remain
after surgical extirpation of the total
hip arthroplasty and debridement of
the hip.  At the present time, it seems
warranted to avoid a one-stage
reconstruction in a patient with an
infected total hip arthroplasty in
whom a glycocalyx-elaborating
microorganism has been isolated.
While we do not know for certain, as
the appropriate testing was not per-
formed in the past, glycocalyx may
be responsible for the reported 20%
to 25% incidence of recurrence fol-
lowing one-stage reconstructions.9

Thus, it is imperative that the sur-
geon obtain microbiologic informa-
tion before proceeding with a
proposed one-stage procedure in the
treatment of a patient with an
infected total hip arthroplasty.  This
necessitates the isolation of the
causal microorganism by means of
either a hip aspiration or a limited
open biopsy to obtain clinical mater-
ial for aerobic and anaerobic incuba-
tion.  The microbiology laboratory
should also be asked to determine
whether the isolated staphylococci
elaborate glycocalyx.

The test for glycocalyx, which is
based on the procedure of Chris-
tensen et al,29 is easily performed in
the microbiology laboratory.  Sev-
eral colonies of the organism to be
tested are inoculated into 5 mL of
trypticase soy broth, and the culture
is incubated at 35°C for 48 hours
without shaking.  The contents of the
test tube are then aspirated and
replaced with safranin stain for 2
minutes. The safranin solution is
aspirated, and the inside wall of the
test tube is examined for the pres-
ence of the stain, which indicates the

elaboration of glycocalyx by the
microorganism under study.

Treatment

Antimicrobial Therapy
Suppressive antibiotic therapy

without concomitant surgery has
been used in the past for patients
with significant medical problems
considered to be at too high a risk for
surgical treatment of an infected
total hip arthroplasty.  Goulet et al30

introduced the concept of antimicro-
bial therapy alone in the treatment of
a select group of such patients who
they believed could not medically
tolerate either a one-stage or a two-
stage arthroplasty.  Although they
reported that 50% of 36 patients
treated with this technique retained
their prosthetic devices for at least 3
years, they subsequently found that
generalized sepsis later developed in
some patients.  Tsukayama et al31

found that this technique failed in 10
of 13 patients followed up for 2 or
more years.  

More recent reports from
researchers in Europe suggest that a
combination of rifampin and fluoro-
quinolone administered for a mini-
mum of 6 months can be efficacious
in a patient with an infected total
hip or knee replacement.  Widmer et
al32 and Drancourt et al33 indepen-
dently reported the successful treat-
ment of such infections with
rifampin plus either ofloxacin or
ciprofloxacin without concomitant
surgery in up to two thirds of their
patients. Unfortunately, the clini-
cians who performed these two
studies failed to follow up all of
their patients for a minimum of 2
years on completion of the antimi-
crobial therapy.  Thus, the final
results are likely to be less optimistic
than those reported after the prelim-
inary observations. While the num-
ber of patients treated to date is
small and the follow-up is unaccept-
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ably short, the results are impres-
sive, deserving an extended multi-
center clinical trial.

Surgical Treatment
The surgical treatment of the

infected hip prosthesis varies with
the type (i.e., the stage) of the infec-
tion.  In most cases, surgical extirpa-
tion of the prosthetic components is
necessary to eradicate the infection.
Infected hematomas are an excep-
tion.  Aggressive surgical debride-
ment of both superficial and deep
hematomas and administration of
specific parenteral antimicrobial
therapy can lead to resolution of the
infection and also salvage a func-
tional joint.

Most other types of deep infection
must be treated with surgical
removal of all foreign bodies and
debridement of the wound, fol-
lowed by 4 weeks of specific par-
enteral therapy.  McDonald et al34

recently demonstrated that patients
with a relatively more virulent infec-
tion (Table 3) who received 4 weeks
of specific parenteral therapy had a
lower incidence of recurrent sepsis
with delayed reconstruction than
did patients who received less than
28 days of such therapy (1 of 13
patients versus 3 of 7 patients
[P,0.06, log-rank test, Kaplan-Meier
actuarial survival curves]).  In
patients with infections with less vir-
ulent organisms, a relationship
between the duration of therapy and
the incidence of recurrent sepsis
with reconstructive arthroplasty
was not observed.

One-Stage Surgical Treatment
Buchholz and Gartmann14 intro-

duced the one-stage exchange ar-
throplasty.  This procedure includes
excision of the infected components,
surgical debridement, and immedi-
ate reconstruction with a cemented
total hip arthroplasty.  The basis of
this procedure is the addition of
antibiotics in powdered form to

polymethylmethacrylate (acrylic
bone cement).  Buchholz et al13

reported an extensive experience
with this technique in 1981, noting
successful eradication of infection in
449 of 583 patients.

Garvin et al35 recently reported
their experience with the one-stage
procedure performed with the use of
gentamicin-impregnated Palacos
acrylic cement (Merck, Darmstadt,
Germany) as treatment of infections
in 211 arthroplasties in 204 patients.
Of the 211 arthroplasties, 76 were
definitely infected.  At the minimum
2-year follow-up, 19 of 21 hips (90%)
in 21 patients were considered to
have been successfully treated.  In
contrast to the philosophy of Buch-
holz et al13 that all patients with an
infected total hip arthroplasty
should be treated with a one-stage
procedure, these 21 patients were
highly selected and thought to have
a less virulent infection.

As previously stated, the success
of this technique may be influenced
by the ability of staphylococci to
elaborate glycocalyx.  Thus, in addi-
tion to the preoperative isolation of

the microorganism and the identifi-
cation of its susceptibility pattern,
the microbiology laboratory should
test for the ability of the causal organ-
ism to form a biofilm.  If the causal
organism does not elaborate glycoca-
lyx and is susceptible to antibiotics
that can be incorporated into acrylic
bone cement, a one-stage procedure
may be the appropriate treatment for
a patient with an infected total hip
arthroplasty (Fig. 4).

Two-Stage Surgical Procedure
The two-stage technique has been

the treatment of choice in the United
States for the past two decades.
McDonald et al34 reported that their
initial experience with a two-stage
procedure was that it was successful
in approximately 85% of the patients
treated.  If all of the polymethyl-
methacrylate is carefully removed,
antibiotics are administered for at
least 4 weeks, and there is an interval
of 1 year between the Girdlestone
resection arthroplasty and the recon-
struction, the percentage of patients
without recurrent infection will
increase.  In my recent experience
with a two-stage procedure, which
included careful surgical removal of
all of the polymethylmethacrylate
and the administration of parenteral
antimicrobial therapy for 4 weeks,
the treatment was successful in 94%
of cases (unpublished data).

Some surgeons have found that
the surgical implantation of antibi-
otic-loaded polymethylmethacry-
late beads into the wound at the time
of closure can enhance the eradica-
tion of the remaining microor-
ganisms.36 A prospective study
addressing this technique has not
yet been performed.  Initially, it was
recommended that the beads be
pulled from the wound one per day
beginning 2 weeks after surgery.
This has proved to be painful for the
patient, leading many surgeons to
leave the beads in place until the
time of reconstruction.  Surgical
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excision of the beads at the time of
reconstruction of the hip can be dif-
ficult and is tedious.

Once the infectious process has
been arrested after the Girdlestone
resection arthroplasty, the patient
must wear a 2.5-inch heel lift and use
crutches for ambulation.  Thus, it is
not surprising that many patients
seek hip reconstruction as soon as
possible.  The ideal timing of the sec-
ond stage remains to be defined.  For

example, should the interval between
resection arthroplasty and hip recon-
struction be longer for patients with
more virulent infections?  Unfortu-
nately, a database of sufficient size to
address this question does not yet
exist.  My preference for dealing with
this problem has been to perform
reconstruction 3 or more months
after resection arthroplasty in
patients with less virulent infections,
but to delay reconstruction for at least

1 year in patients with more virulent
infections.  Others have reported suc-
cess with shorter intervals between
the Girdlestone resection arthro-
plasty and reconstruction of the hip.
The In-111–labeled autologous WBC
scintigraph must be negative and the
ESR must be normal before proceed-
ing with the second stage.

It is frequently necessary to
implant a long-stem femoral compo-
nent to achieve interdigitation of the
polymethylmethacrylate within the
femur.  Depending on the degree of
destruction of the acetabulum by the
infectious process before the Girdle-
stone resection arthroplasty, struc-
tural allografts may be necessary to
achieve a mechanically stable
acetabular component during the
reconstructive procedure (Fig. 5).

There is little data available on
which to judge the advantages of
mixing antibiotics with the poly-
methylmethacrylate used for fixa-
tion in a two-stage reconstruction of
an infected total hip arthroplasty.14

Most surgeons place the antibiotic in
Simplex P (Howmedica, Rutherford,
NJ) rather than in Palacos acrylic
cement.  Palacos affords both a
higher local concentration of the
antibiotic and a more sustained
release.  Simplex P is more com-
monly used in the United States
because it is easier to inject, which is
especially useful when multiple
batches are necessary to cement the
femoral component.  Thus, while
Palacos has theoretical advantages
for a two-stage reconstruction of an
infected total hip arthroplasty when
antibiotic-impregnated polymethyl-
methacrylate is thought to be advan-
tageous, Simplex P may be the wiser
choice, because the cement can be
injected in a low-viscosity state.

Duncan and Beauchamp37 have
described another technique, which
obviates the patient’s having to ambu-
late with a short and difficult-to-con-
trol extremity in the interval between
resection arthroplasty and reconstruc-
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Fig. 4 Anteroposterior radiographs of a 66-year-old woman with severe weight-bearing
pain.  A bipolar arthroplasty of the left hip had been performed as the definitive treatment
of an acute intracapsular hip fracture.  The operative wound healed without drainage.  A,
Image obtained 15 months after surgery, when the patient complained of pain both at rest
and with weight-bearing activities.  Her ESR (Westergren) was 32 mm/hr.  Group D Strep-
tococcus (Enterococcus) organisms were isolated from a preoperative aspiration specimen.
The radiograph reveals a radiolucency about the distal stem of the femoral component, with
healing and periosteal new-bone formation.  B, Postoperative anteroposterior radiograph
obtained 3 years after one-stage treatment of the enterococcal infection with tobramycin and
erythromycin incorporated into Palacos acrylic cement.  There is no clinical evidence of an
ongoing infectious process.  The patient was extremely active without pain.



tion.  These investigators implant an
articulated spacer, which is con-
structed from antibiotic-impregnated
Palacos acrylic cement about a femoral
stem and polyethylene acetabulum.
The initial experience with this tech-
nique is small and limited to one cen-
ter, but it is quite promising.

With the introduction of the unce-
mented total hip arthroplasty and
the less-than-optimal results follow-
ing revision cemented total hip
arthroplasty (for aseptic mechanical
loosening), it was only natural for
reconstructive arthroplasty with
uncemented components to be

extended to patients with a resection
arthroplasty performed as treatment
of an infection (Figs. 3, C, and 5).  Of
course, such procedures must be
performed in a delayed or staged
fashion.  The optimal timing of
reconstruction to avoid recurrent
sepsis remains unknown.  McDon-
ald et al34 noted that procedures per-
formed less than 1 year after resec-
tion arthroplasty were associated
with recurrent sepsis in 7 of 26
patients (26.9%), compared with
only 4 of 56 patients (7.1%) in whom
reconstruction was performed 1 or
more years after resection arthro-

plasty (P,0.01).  However, the data-
base was not sufficiently large to
identify the ideal time for recon-
struction after a Girdlestone resec-
tion arthroplasty.

In my own experience, 16 of 17
patients with an infected total hip
arthroplasty were successfully
treated with the use of uncemented
components for reconstruction.  In
the past 6 years, an additional 44
patients have been successfully
treated with this technique and fol-
lowed up for at least 2 years.  Sepsis
recurred in only 1.  Thus, 59 of 61
patients (97%) have undergone suc-
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Fig. 5 Images of a 50-year-old man with a painful cemented total hip arthroplasty 10 years after surgery.  Group D Streptococcus (Entero-
coccus) and S epidermidis (β-lactamase–positive, glycocalyx-positive, and methicillin-susceptible) organisms were recovered from a preoper-
ative aspirate and from intraoperative tissue specimens.  He was treated with a two-stage technique.  A, Preoperative anteroposterior
radiograph reveals a circumferential radiolucent line in Charnley-DeLee zones I, II, and III measuring 1 to 2 mm.  The acetabular component
has migrated cephalad since the early postoperative radiographs.  There is erosion of the proximal femur, but the cement mantle about the
femoral component shows minimal erosion about the bone-cement interface.  B, Anteroposterior radiograph obtained following Girdlestone
resection arthroplasty.  The proximal femur was found to have been destroyed by the resection arthroplasty down to the level of the lesser
trochanter.  C, Anteroposterior radiograph obtained 1 year after a cementless total hip arthroplasty, which was performed 12 months after
the Girdlestone resection arthroplasty.  A calcar-replacement femoral component was used to correct the leg-length inequality and, in con-
junction with strut allografts, to reinforce the thin proximal femur.

A B C



cessful reconstruction with this tech-
nique.  In contrast, a recent review of
this technique by several surgeons,
albeit from a single institution, was
not able to demonstrate any differ-
ence in the incidence of recurrent
sepsis after reconstruction of the
Girdlestone resection arthroplasty
with either a cementless or a
cemented arthroplasty.38

Three-Stage Reconstruction
Unfortunately, most patients

who have undergone extirpation of
a total hip arthroplasty and surgi-
cal removal of the acrylic bone
cement have little remaining tra-
becular bone.  Quite frequently,
even the gross osseous architecture
has been significantly distorted.
Such problems have led to the
development of a three-stage
arthroplasty involving the follow-
ing steps: (1) surgical extirpation of
the device and debridement of the
wound, followed by 4 weeks of spe-
cific parenteral antimicrobial ther-
apy; (2) a bone-grafting procedure
on the acetabulum and proximal
femur with use of a mixture of
autologous iliac bone graft and
allograft bone 3 to 12 months after
the resection arthroplasty; and (3)
the implantation of porous-
ingrowth prosthetic devices into
the femur and acetabulum once the
bone graft has become incorpo-
rated and has matured.

The concept of a three-stage
reconstruction of the infected hip
arthroplasty developed incremen-
tally.  The initial experience with
uncemented femoral components
implanted into femoral canals dam-
aged by aseptic loosening sug-
gested that press-fit stems could
function satisfactorily in environ-
ments devoid of the cancellous
bone usually encountered in a pri-
mary total hip arthroplasty.  In the
young patient with considerable
bone loss from an infection about a
cemented total hip arthroplasty,

the introduction of structural allo-
grafts precipitates apprehension,
especially since the recent report of
high failure rates by Jasty and Har-
ris.39 However, reconstruction of
the anatomy can permit more con-
ventional restoration of hip func-
tion in otherwise healthy young
patients who have normal life
expectancies.  Because the amount
of bone graft that can be harvested
from each patient is limited, it
seems reasonable to combine auto-
genous and allograft bone in par-
ticulate form.  Limited clinical
experience suggests that it requires
6 to 12 months for this bone to be
vascularized and to mature suffi-
ciently to support a prosthesis.
Even in a healthy bone bed, this
combination of graft materials has
been noted to be quite soft 6
months after implantation.  Prelim-
inary experience indicates that at
least 9 months should elapse after
implantation of bone grafts before
insertion of the prosthetic devices.

Although these techniques are
new and may require custom pros-
theses, the preliminary experience
indicates that a pain-free functional
arthroplasty is provided.  If bone
ingrowth can be achieved through
the use of simultaneous bone graft-
ing or a separate preparatory bone-
grafting procedure, the prosthetic
devices can be securely anchored to
the acetabulum and femur.  This
should provide long-term mechani-
cal stability.  If sepsis recurs with the
implantation of these large foreign
bodies, bone ingrowth will not
occur.  Removal of the foreign bod-
ies can be accomplished without the
destruction of bone that so fre-
quently occurs with efforts to surgi-
cally remove retained acrylic bone
cement.

Cost Considerations
The treatment of a patient with

an infected total hip arthroplasty
utilizes an extensive array of hospi-

tal resources to successfully eradi-
cate the infectious process and
restore function to the involved
extremity.  Septicemia can develop
during the initial surgical debride-
ment, which can be a prolonged
procedure with extensive blood
loss.  In my experience over the past
3 years, the hospital provides
$50,000 worth of nonreimbursed
medical care when a two-stage tech-
nique is used in the treatment of
patients with total hip arthroplasty
infections, even when patients with
fixed-reimbursement insurance are
mixed with those who have indem-
nity health-care insurance.  Since
patients with total hip arthroplasty
infections are commonly referred to
major medical centers for treatment,
referral centers have assumed a
large financial loss.  With the
changes that are occurring in the
health-care industry, such losses are
unacceptable.  A one-stage tech-
nique will reduce this loss for the
hospitals, but at what cost to the
patient?

Orthopaedic surgeons need to
know whether the limited experi-
ence reported by Garvin et al35 will
translate into broader experience.
Alternatively, should we continue
with the two-stage technique, for
which the success rate has been
pushed to 94%?  There is a need for a
national database, as no one surgeon
or group of surgeons has sufficient
experience to address the multitude
of clinical and financial questions
about the treatment of infected total
hip replacements.

Summary

The incidence of deep postoperative
wound infections complicating total
hip arthroplasty has decreased sig-
nificantly with improvements in
operating room discipline and surgi-
cal technique, more assiduous pre-
operative assessment of the patient,
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