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eep infection represents one of the most devastating complications of total knee arthroplasty,
imposing heavy emotional and financial tolls
on the patient, the physicians involved, and
society as a whole. Often, the primary care physician is
the first physician a patient sees when problems with
total knee arthroplasty arise. Knowledge of the clinical
presentation of arthroplasty infection and a high level
of suspicion on the part of the primary care physician
may speed the diagnosis and treatment of infection and
ultimately improve the outcome of a patient with an
infected total knee arthroplasty.
This is the first in a 2-part series on infected total knee
arthroplasty. Part 1 provides an overview of the epidemiology for infection of total knee arthroplasty and discusses evaluation, diagnosis, and classification of infection
from a primary care physician’s perspective. Part 2 in the
series, to be published in the February 2006 issue of
Hospital Physician, discusses management of infected total
knee arthroplasty from a surgical perspective.

D

EPIDEMIOLOGY
Although most studies report a 1% to 2% incidence
of infection of total knee arthroplasty, studies have
shown an incidence as high as 12.4% in certain patient
populations.1–8 At the Mayo Clinic, 1.2% of 3000 consecutive primary total knee arthroplasties developed infection.6,9 Bengtson and colleagues1–3 reviewed data from
the Swedish Knee Arthroplasty Project, which revealed
an infection rate of 1.7% after total knee arthroplasty
performed for osteoarthritis and a 4.4% infection rate
for procedures performed for rheumatoid arthritis (RA)
in a series of 12,118 primary total knee arthroplasties.
Risk factors for infection in total joint arthroplasty
have been identified (Table). In a study by Wilson et al,8
patients with RA, skin ulceration, and a history of previous surgical procedures showed a statistically significant
increase in infection rate. There was also a trend towards
infection in obese patients, those with recent urinary
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TAKE HOME POINTS
• The key to successful management of an infected
arthroplasty is an expeditious diagnosis.
• Physicians should have a high level of suspicion for
infection in any patient presenting with problems
concerning their arthroplasty.
• A clear, concise history and appropriate radiologic
and laboratory work-up, including arthrocentesis,
are combined to make the diagnosis.
• A positive culture of joint aspirate is the most helpful finding, but it is not required to make the diagnosis.
• Empiric use of antibiotics in a painful total knee
arthroplasty is discouraged until the diagnosis has
been confirmed.
• Immediate referral to an appropriate orthopedic
surgeon is imperative once infection of a total knee
arthroplasty is diagnosed or suspected.

tract infections, and patients taking oral corticosteroids.8
In a large retrospective review, Peersman et al10 also determined an increased risk in patients with diabetes,
poor nutrition, hypokalemia, and those who smoked. Increased operative time also was found to be a risk factor.
Although infection can occur at any time, the risk is
highest within the first 3 months after the index operation. Despite the best preventative efforts, infection
inevitably will occur following total knee arthroplasty in
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Table. Risk Factors for Infection in Total Knee Arthroplasty
Medical conditions
Diabetes
Obesity
Hypokalemia
Rheumatoid arthritis
Urinary tract infection
Operative technique
Prolonged operative time (ie, > 2.5 h)
Other factors
Immunosuppressive therapy (ie, cortisone use)
Malnourishment
Smoking
Skin ulceration
Previous surgery

a certain number of patients. Although risk factors
should heighten suspicion for infection, the lack of
such risks should not cause complacency in diagnosis.
DIAGNOSIS
History and Physical Examination
A high index of suspicion is needed to diagnose
infection after total knee arthroplasty. A combination
of patient history and physical examination and various laboratory and radiographic studies is required for
diagnosis (Figure). A patient presenting with an acute,
painful, fulminate infection shortly after total knee arthroplasty is rarely observed; more commonly, infection is less obvious. Persistent, moderate pain or stiffness after total knee arthroplasty should always alert
the physician to the possibility of postoperative infection. Early diagnosis of deep arthroplasty infection is
imperative to maximize the likelihood that the prosthesis will be salvaged with débridement and retention.7 Superficial cultures of wound drainage are of
little diagnostic value and are discouraged. Joint arthrocentesis and evaluation of the aspirate with cell
count, Gram stain, and bacterial culture should be performed if infection is suspected. Observation of superficial wound problems and treatment with oral antibiotics often leads to the development of resistant deep
infection. These wound problems should be referred
to the orthopaedic surgeon, where aggressive management of refractory wound healing is recommended.
Important historical factors to consider when subacute or chronic infection is a concern include persistent
pain, postoperative wound complications, significant
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wound drainage, chronic or multiple courses of oral antibiotic treatment for wound difficulties, a history of potential hematogenous sources of infection (eg, tooth extraction, urologic procedures), and persistent knee
stiffness despite appropriate rehabilitation efforts. Although antibiotics are often started empirically, this practice should be avoided in patients with painful or stiff
total knee arthroplasties without a definitive diagnosis of
infection because such treatment complicates efforts to
both diagnose and treat deep infection once proven.
Laboratory and Radiographic Studies
Laboratory studies should routinely include a leukocyte count, erythrocyte sedimentation rate (ESR), and
C -reactive protein (CRP). Although these values are
useful, they are often nonspecific and difficult to interpret, especially in patients with RA.11 Sanzen and Sundberg12 evaluated the laboratory findings in 23 non-RA
patients with low-grade periprosthetic hip and knee
infections, and false-negative rates of 35% and 22%
were seen in ESR and CRP, respectively. However, only
1 patient had normal values for both tests, which supports using both of these laboratory studies in combination. Radiographic evaluation of sequential radiographs
to look for progressive radiolucencies or the development of focal osteopenia or osteolysis around the prosthesis is advised. Periosteal new bone formation on radiography is highly suggestive of infection.9
Radioisotope scans may also be helpful in the diagnosis of infected total joint arthroplasty. Indium-111
leukocyte scanning appears to be more accurate than
technetium-99 diphosphonate scanning alone (78%
versus 74%).13 However, combining indium-111 leukocyte scanning with technetium-99 sulfur colloid marrow scintigraphy provided 95% accuracy. RA and significant osteolysis are risk factors for false-positive results.14
The sensitivity of indium scanning appears to be dependent on the activity of the infection, with indolent and
chronic infections having higher false-negative rates.
Arthrocentesis
Despite false negative rates of up to 15% to 20%, arthrocentesis with bacterial culture and Gram stain
should be considered an essential part of the investigative process for an infected total joint arthroplasty
and may help guide the appropriate choice for antimicrobial therapy. The use of oral or intravenous antibiotics prior to aspiration will markedly decrease the likelihood that an offending microorganism will be isolated.
As such, antibiotics should be discontinued for 7 to
10 days prior to aspiration.
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History and physical examination
High index of suspicion needed
New-onset or chronic pain?
History of wound/healing problem?

Radiography

Laboratory studies
Complete blood count, erythrocyte
sedimentation rate, blood culture,
C-reactive protein

Aspiration
(patient off antibiotics for
7–10 days prior)

If results not definitive

Bone scan
Indium-111 leukocyte scan,
technetium-99 diphosphonate scan,
technetium-99 sulfur colloid marrow
scintigraphy

Other tests (if available)
Gene expression, polymerase chain
reaction, serum interleukin-6
As soon as any of the above point to possible infection
To orthopaedic surgeon

Figure. Algorithm for diagnosis of an infected total knee arthroplasty.

Underdiagnosis of joint sepsis occurs during aspiration when organisms that present in the knee are unable to be grown in culture. Weaknesses in the culture
process and in the laboratory diagnosis of infection
have recently prompted interest in other forms of diagnoses. The use of polymerase chain reaction to more
accurately diagnose periprosthetic infection is currently under review. Very promising results have been reported.15 Serum interleukin-6 as an infection marker
has also been investigated. Di Cesare et al16 have shown
that an elevated serum level is valuable in the diagnosis
of periprosthetic infection.
CLASSIFICATION OF INFECTION
Periprosthetic infection is classified based on the
onset of infection after the initial index procedure.
The use of a classification system is helpful in guiding
appropriate management. Initially, Coventry17 described a 3-stage classification system based on timing
of presentation and the presumed mode of infection,
and this system has been recently updated and modi-
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fied by Segawa et al18 as well as Tsukayama et al.19
Tsukayama included 4 categories based on clinical presentation.
Type 1 infection is determined by a positive intraoperative culture. In a report by Tsukayama et al,20 31 of
97 patients (106 infections) who were initially thought to
have aseptic failures were diagnosed with deep infection
based on positive intraoperative cultures (a minimum of
2 of 5 cultures were considered positive for infection).
Intraoperative culture results must be interpreted in
conjunction with preoperative examination as well as
laboratory studies and frozen section histology findings.
If positive culture results are deemed to be truly positive,
appropriate antibiotic therapy should be initiated.
An infection that occurs in the immediate postoperative period (ie, within 1 month postsurgery) is considered type 2 infection. Type 2 infection is usually evident
on history and physical examination, with patients reporting wound complications and/or superficial cellulitis around the time of the index procedure. The etiology of type 2 infections may be wound colonization at
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the time of surgery, infected hematomas, or the spread
of superficial infection. Many of these infections may be
preventable with appropriate preoperative antibiotics
and careful operative technique. Type 2 infections are
subcategorized into superficial (A) and deep (B).
Type 3 infections are typically presumed to be caused
by hematogenous spread to a previously asymptomatic
and aseptic joint replacement. There may be a history of
associated febrile illness or acute infection (eg, urinary
tract infection, pneumonia), followed by deterioration
in joint function. Invasive or semi-invasive procedures,
such as colonoscopy, dental procedures, or local treatment of cutaneous infections, may be reported. These
infections are more common in patients who are immunocompromised, patients who have recurrent episodes of bacteremia (eg, intravenous drug abusers), or
those requiring repeat chronic urinary catheterization.
Single episodes of bacteremia, such as with dental manipulations,21–26 respiratory infection, remote prosthetic
infection, open skin lesions, endoscopy, or contaminated operations, are often associated with type 3 prosthetic
joint infections.
Type 4 infections are referred to as late chronic and
are diagnosed more than 4 weeks after the index operation. Type 4 infections may originate during the index surgical procedure, but due to a small inoculum or
a low virulent organism, the onset of symptoms may be
delayed. These patients typically present with a gradual
deterioration in their knee function and overall function as well as an increase in pain. In addition, clear systemic or local findings consistent with definitive infection may not be present, making them difficult to
diagnose. There may be a history of prolonged wound
drainage at the time of the index procedure, a delay in
discharge from the hospital, or previous prescriptions
for ongoing courses of antibiotics that may have temporarily improved the patient’s symptoms.
TREATMENT
Once infection has been diagnosed, the patient
should be referred to an orthopaedic surgeon for definitive treatment. Although not always possible, the goal
of treatment is eradication of infection and a painless,
well-functioning total knee arthroplasty. In general, the
6 treatment options for an infected total knee arthroplasty include: (1) antibiotic suppression, (2) open
débridement, (3) resection arthroplasty, (4) arthrodesis,
(5) amputation, and (6) single-staged or 2-staged resection and reimplantation of another prosthesis. These
treatment options will be explained in more detail in
Part 2 of this article to appear in the February 2006 issue
of Hospital Physician.

CONCLUSION
Infection of a total knee arthroplasty remains a devastating complication associated with this procedure.
The primary care physician must have a high index of
suspicion in evaluating these patients and be able to
optimize the timeliness of diagnosis. A thorough history and physical examination as well as the appropriate
laboratory (ie, blood culture, ESR, CRP) and radiographic studies are essential to the evaluation of suspected total knee arthroplasty infection. It is imperative to diagnose the infection quickly and initiate
treatment immediately. Once infection is suspected,
the patient should be referred to an orthopaedic surgeon for treatment.
HP
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