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2. Abbreviations

ASA American Society of Anesthesiologists

BMI body mass index, kg/m2

CDC Centers for Disease Control and Prevention

CI confidence interval

CNS coagulase-negative staphylococci

CRP C-reactive protein

HR hazard ratio, calculated using Cox regression analysis

ICD-10 International Classification of Diseases, 10th review

NNIS National Nosocomial Infections Surveillance System

OA osteoarthritis

OR odds ratio, calculated using binary logistic regression analysis

p probability

PJI prosthetic joint infection

RA rheumatoid arthritis

SSI surgical site infection

TKR total knee replacement

UKR unicondylar knee replacement
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3. Abstract

Total knee replacement (TKR) is among the most effective surgical interventions,

and its role in the management of late stage arthritis is well established. Although

TKR is considered a safe procedure, prosthetic joint infections (PJI) complicate

approximately 1% of primary TKRs. Because removal of the infected prosthesis and

prolonged antibiotic treatment are usually required for treatment, PJI causes a

considerable burden both for the patient and for the health care system and may lead

to compromised clinical outcome. The incidence of PJI has declined from the

figures seen in the early TKR studies but during the last 10–15 years there has been

little improvement.

The present study focuses on the rate and factors associated with infected knee

replacement in contemporary knee replacement surgery. The determinants of

infected knee replacement were analyzed separately in a clinical case series from a

specialized hospital for joint replacement (single center series, n = 3,137 primary

knee replacements) and a nationwide register-based series (national register series,

n = 36,638 primary and 2,038 revision knee replacements). The register-based data

was compiled by linking the records of the Finnish Arthroplasty Register and the

Finnish Hospital Discharge Register.

The 1-year rates of infected knee replacement were 0.80% and 0.51% following

primary knee replacement in the single center series and national register series

respectively. Total and partial revision arthroplasties had higher rates of infected

knee replacement compared to primary TKR (adjusted hazard ratios 3.4 and 4.7

respectively). The 1-year infection rate remained unchanged from 1997 to 2003.

Less than 80% of reoperations where no new knee prosthesis was implanted were

detected by the Finnish Arthroplasty Register, leading to probable underestimation

of the infection rate.

Body mass index, preoperative hyperglycemia, anesthesiological risk score,

(seropositive) rheumatoid arthritis, sequels of fracture, use of constrained and

hinged prostheses, and wound-related complications were associated with higher
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risk of infected knee replacement in adjusted analyses. Excess infections were also

observed in relation to poor clinical preoperative state (as measured by the Knee

Society score, pain score and range of motion) and with increase in the duration of

surgery and amount of perioperative blood loss. Fewest infections occurred in cases

where intravenous antibiotics were combined with antibiotic-impregnated cement.

The results show that under optimal operating conditions the risk of infected knee

replacement is low and largely attributable to patient characteristics. The potential

patient-related risk should be considered thoroughly before proceeding with the

operation. Preoperative glucose can be used to identify patients predisposed to

postoperative infection. Combining intravenous antibiotic prophylaxis and

antibiotic-impregnated cement may result in a lower rate of infected knee

replacement especially in revision setting.
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Tiivistelmä

Tekonivelkirurgia on vakiinnuttanut asemansa pitkälle edenneen useimmiten

nivelrikon tai nivelreuman aiheuttaman lonkan ja polven nivelvaurion hoitona.

Proteesi-infektio on vakava ja vaikeahoitoinen tekonivelleikkauksen jälkeinen

komplikaatio; infektoituneen proteesin poistaminen on useimmiten välttämätöntä.

Aikaisempien tutkimusten perusteella noin 1 % polvitekonivelistä infektoituu.

Leikkausmäärien kasvun myötä Suomessa vuosittain todettavien polven

tekonivelinfektioiden absoluuttinen lukumäärä on vähitellen kasvanut.

Tässä tutkimuksessa selvitettiin polven tekonivelinfektioiden esiintyvyyttä ja

riskitekijöitä kahdessa laajassa aineistossa. Kaksi osatyötä perustuu tietoihin

väestövastuulla toimivassa tekonivelsairaalassa vuosina 2002–2006 tehdyistä polven

ensitekonivelleikkauksista (n = 3137). Kaksi muuta osatyötä perustuu

Lääkelaitoksen endoproteesirekisteristä ja Stakesin Hoitoilmoitusrekisteristä

koottuun rekisteriaineistoon (36638 polven ensitekonivelleikkausta ja 2038

uusintaleikkausta vuosilta 1997–2003).

Polven tekonivelinfektioiden ilmaantuvuus leikkausta seuraavan vuoden aikana

tekonivelsairaalan aineistossa oli 0,80 %. Maanlaajuisessa rekisteriaineistossa

infektion takia tehtiin uusintatekonivelleikkaus tai muu toimenpide 0,52 %:ssa

tapauksista. Endoproteesirekisteriin oli ilmoitettu vain osa infektion hoitamiseksi

tehdyistä toimenpiteistä, joissa ei asennettu uutta tekoniveltä (0–80 %

toimenpiteestä riippuen).

Useimmat havaitut riskitekijät liittyivät potilaan ominaisuuksiin: lihavuus,

korkeat verensokeriarvot ennen leikkausta, korkea anestesiologinen riskiluokka,

aiempi polvimurtuma, seropositiivinen nivelreuma ja sekundäärinen nivelrikko

lisäsivät infektion todennäköisyyttä. Lisäksi vaikea lähtötilanne (rakenteellinen tai

toiminnallinen puutos, polven huono toiminta) ja ongelmat haavan paranemisessa

olivat yhteydessä kohonneeseen infektioriskiin. Uusintaleikkausten jälkeen

infektioiden esiintyvyys oli 3–5 kertaa korkeampi kuin ensitekonivelleikkausten
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jälkeen. Vähiten infektioita havaittiin, kun suonensisäisen antibioottiprofylaksian

lisäksi oli käytetty antibioottipitoista sementtiä proteesin kiinnittämiseen.

Potilaan muilla sairauksilla ja terveydentilalla on huomattava vaikutus polven

tekonivelinfektioiden ilmaantuvuuteen, kun leikkausympäristöön liittyvä

infektioriski on minimoitu. Korkeiden sokeriarvojen seulonnalla ennen leikkausta

voidaan tunnistaa potilaita, joilla infektioriski on suurentunut. Suonensisäisen

antibioottiprofylaksian täydentäminen käyttämällä antibioottipitoista luusementtiä

vaikuttaa tehokkaalta keinolta ennaltaehkäistä infektioita erityisesti

uusintatekonivelleikkauksissa. Endoproteesirekisteri ja Hoitoilmoitusrekisteri

näyttävät aliarvioivan tekonivelinfektioiden ilmaantuvuutta. Aineistojen puutteiden

vuoksi näiden rekisterien tiedot eivät sovellu tekonivelinfektioiden ilmaantuvuuden

vertailuun esimerkiksi sairaaloiden välillä.
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4. Introduction

Total knee replacement has become the standard in the management of advanced

arthritic deterioration of the knee joint. It is considered a reliable and cost-effective

surgical procedure that leads to a dramatic improvement in quality of life

parameters, including alleviation of pain (Ethgen et al. 2004, Zhang et al. 2008).

Since its introduction in the late 1960s, knee replacement has gained widespread

acceptance in industrialized countries. Following improvements in prosthesis and

surgical techniques the indications for joint replacement have been extended.

Consequently, the annual numbers of operations have been increasing continuously.

At present, more knee replacements than hip replacements are being performed,

making knee replacement one of the most frequently performed elective surgical

operations. In 2006, 10,411 primary knee replacements were performed in Finland

(National Agency for Medicines 2008). Over 90% of operations are performed due

to osteoarthritis (OA), and the majority of patients are 65–80 years of age.

The durability of knee prostheses is good: in recent studies less than 5% of

patients have undergone revision surgery within 10 years of the primary surgery

(Robertsson et al. 2001, Rantanen et al. 2006). Infection is one of the most frequent

reasons for prosthesis failure affecting 0.4–1.0% of primary knee replacements

(Peersman et al. 2001, Blom et al. 2004, Phillips et al. 2006, Chesney et al. 2008).

On a nationwide scale, infection rates of up to 1.9% have been reported (Remes et

al. 2007).

Because of the biofilm-nature of the prosthesis-related infections, antibiotic

treatment alone is ineffective, and prosthesis removal is usually necessary to

manage the infection (Zimmerli et al. 2004, Leone and Hanssen 2006). Therefore,

infected knee replacement has considerable economic consequences related to

prolonged periods of hospitalization and need for repetitive surgeries. Moreover, the

heavy treatment protocol causes patient inconvenience and the clinical outcome of

infected knee replacement may be compromised (Barrack et al. 2000, Wang et al.

2004).
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The current infection rates are lower than those reported in some early studies

(e.g. Johnson and Bannister 1986), but during the last 15–20 years the rates have

remained almost constant (Phillips et al. 2006). It has been estimated that infection

will become the most frequent reason for revision knee replacement (Kurtz et al.

2007) and – following the growth in the volume of primary knee replacements – the

annual absolute numbers of revision knee replacements for the treatment of

infection will increase. There is increasing demand for means to control the burden

of infections.

Epidemiological studies on infected knee replacement have identified several risk

groups, e.g. patients with rheumatoid arthritis (RA) (Berbari et al. 1998, Peersman et

al. 2001). Information about predisposing factors can be used to target preventive

measures on susceptible patient subgroups. Some potentially modifiable risk factors

can be controlled preoperatively to avoid postoperative infection. In addition,

awareness of risk factors helps the orthopedic surgeon and the patient to weigh the

advantages of joint replacement against the potential risks.

In this study, the incidence of and factors associated with infected knee

replacement were analyzed in two recent population-based series. One series is

based on clinical data from a single high-volume institution with standardized

operative conditions, and allows in-depth analysis of patient-related factors. The

other series is based on the records of the Finnish Arthroplasty Register (Rantanen

et al. 2006). The register provided nationwide data for the analysis of the rate of

infected knee replacement and – more importantly – enabled comparisons between

different surgical and preventive methods. These factors have been addressed in

little detail in earlier studies based mostly on data from single orthopedic

institutions. In addition, factors associated with infected revision knee replacement

were studied.
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5. Review of the literature

5.1 Methodology of the review of the literature

Certain parts of the present review of the literature are based on a systematic review

of the literature published in English and a critical evaluation of the reviewed

papers. In the text, these sections are marked with an asterisk at the end of the

subhead.

The papers reviewed were identified by a thorough electronic literature search of

the Medline database from 1960 to 2007. Medical subject heading terms and

keywords were used to focus the search on the exact subject of each section of the

review (Appendix 1). The searches were designed to be sensitive rather than

specific. In other words, an obvious majority of relevant literature but also many

papers not dealing with infected knee replacement were identified. Despite the risk

of language bias and publication bias, papers published in any other language than

English and data published in other forms than in peer-reviewed journals (books,

congress abstracts etc.) were discarded.

The results of the literature searches were scrutinized manually by the author. At

first, the papers were classified by their titles into three categories: included, abstract

required for evaluation, and excluded. Second, the abstracts of papers falling into

the second category were reviewed to classify the papers as included or excluded.

Finally, the reference lists of all included papers were reviewed and each reference

was categorized in a similar manner as described above.

5.1.1 Evaluation of the strength of evidence

All included studies (Appendix 2) were evaluated using previously published

instructions and checklists (Laupacis et al. 1994, Greenhalgh 2001, Käypä hoito-

toimitus 2004) to determine study design, methodological quality and the



Table 5.1. Description of the strength of evidence classification applied in the present paper, regarding epidemiological studies on infected knee
replacement. The classification is based on the guidelines presented in publications by Käypä hoito -toimitus (2004) and Wright (2007).

Strength of
evidence

Study quality and typical
design of the studies reviewed

Description

A Level I – high-quality prospective
cohort study
Level II – low-quality
prospective study

It is unlikely that new studies would change the estimate on the direction or the magnitude of the effect under
consideration.
The conclusion is based on the results of two or more prospective cohort studies.
The studies report the rate of infected knee replacement as the primary outcome.
The risks for false positive and false negative results are small.
The results can be generalized to the target population.

B Level II – low-quality
prospective cohort study or
retrospective cohort study

Further studies may change the estimate of the direction or of the magnitude of the effect under consideration.
There is only one prospective cohort study, or there are several studies but their results are contradictory.
There are many methodologically acceptable retrospective cohort studies with no systematic bias and reporting similar
results.
The studies report the rate of infected knee replacement as the primary outcome.
The results can be generalized to the target population.

C Level II – low-quality
prospective cohort study or
retrospective cohort study
Level III – case-control study

It is likely that further studies will change the estimate on the direction or on the magnitude of the effect under
consideration.
There are several cohort studies, but their results are very contradictory.
There is at least one methodologically acceptable controlled study (historical control group or comparison to previously
published values is not acceptable) whose results can be generalized to the target population.
The best possible study design considering the primary research question (that is, cohort study) has not been applied.
Combined infection rate (e.g. infected hip and knee replacements analyzed together) is reported as the primary outcome.
The results cannot be generalized to the target population.

D Level IV – Case series
Level V – Expert opinion

Any estimate of the direction or of the magnitude of the effect is uncertain.
There are several studies but they do not meet the criteria required for inclusion in the superior groups of strength of
evidence, or knowledge is based solely on expert opinions.
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generalizability of the results. Each paper was assigned a quality score according to

the criteria used by the Journal of Bone and Joint Surgery (Wright 2007).

The results of studies on the same topic were reviewed and compared to each

other to produce a short summary of the results. This summary together with a letter

(from A to D) indicating the strength of the evidence (Table 5.1) is presented in a

concluding paragraph at the end of each section. The classification system for the

strength of evidence is derived from the Finnish Current Care Guidelines project

(Käypä hoito -toimitus 2004), run by the Finnish Medical Society Duodecim.

5.2 Joint replacement surgery

In primary knee replacement destructed articular cartilage and subchondral bone of

the knee joint are removed and replaced with a joint prosthesis trying to mimic the

normal anatomy of the knee. The prosthesis usually consists of metallic femoral and

tibial components with a plastic (polyethylene) bearing in between.

The concept of using polyethylene-on-metal as a bearing surface and acrylic

cement for prosthesis fixation was introduced in the early 1960s by Charnley for hip

replacement and was critical for the emergence of modern joint replacement surgery

(Learmonth et al. 2007). The same principles were applied to the management of

arthritic knee degeneration a decade later (Robinson 2005). The development of the

condylar knee prostheses (in which components are not linked to each other) was

essential for the success of knee replacement as the early hinged knee prostheses

were prone to fail early due to aseptic loosening (Barrack 2001, Robinson 2005).

Later, the basic design of condylar total knee prostheses has provided a basis for the

development of the constrained implants required to manage difficult knee

destruction and malalignment (Robinson 2005).

Other available prosthesis types include unicondylar and hinged knee prostheses.

The former is used in the management of degenerative knee destruction limited to

only one compartment (usually the medial condyle) of the knee (Geller et al. 2008).

Contemporary hinged prostheses, instead, are indicated in the presence of medial

collateral ligament insufficiency and in cases with extensive bone loss and soft

tissue laxity, such as complex revision surgeries (Barrack 2001).
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In the early hip replacement studies, early failures due to periprosthetic osteolysis

and aseptic loosening were common (Learmonth et al. 2007). Consequently,

cementless fixation based on osseointegration (growth of host bone into the porous

prosthesis) was introduced to improve prosthesis survival. The alleged advantages

of cementless fixation include better durability, especially in younger patients (who

are at higher risk of prosthesis failure), preserved bone stock and possibly easier

revision surgery (Silverton 2006).

Contrary to the experiences in hip replacement surgery, the results of cemented

knee prostheses have been very good, but unacceptably high failure rates have been

reported for early cementless designs (Silverton 2006). More recent studies have

shown that – with the correct indications – the results with cementless fixation of

hip and knee prostheses are comparable and may even be superior to cemented

fixation (Silverton 2006, Baker et al. 2007, Learmonth et al. 2007).

Cemented fixation remains the standard in knee replacement, and only a few

cementless knee prostheses are being implanted in Finland (National Agency for

Medicines 2008). Antibiotic-impregnated cement is frequently used as a

prophylactic measure against postoperative infection in the Nordic countries

(Espehaug et al. 1997, Engesæter et al. 2006) although the rationale for this practice

has been questioned (van de Belt et al. 2001).

5.2.1 Indications and epidemiology

Joint replacement is indicated in severe degenerative or inflammatory arthritis when

conservative means are no longer sufficient to control the refractory pain and

limited motion related to the destruction of the hip or knee joint (Jordan et al. 2003,

Zhang et al. 2008). Other indications include fractures (also as a secondary

procedure), congenital hip dysplasia (in hip replacements) and more seldom bone

tumors. Currently, 80–90% of all primary joint replacements are performed in

patients with osteoarthritis, and the proportion is increasing (Puolakka et al. 2001,

Robertsson et al. 2001, Rantanen et al. 2006, Fevang et al. 2007).

The proportion of primary operations performed for rheumatoid arthritis has

decreased from almost 50% in the mid-1980s to less than 5 percent in 2006

(National Agency for Medicines 2008). This is due to an increase in the average age
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at disease onset and improved medical therapy that retards the development of

arthritic joint destruction (Konttinen et al. 2005, Fevang et al. 2007).

The annual number of joint replacement operations (later referred to as operation

volume) has grown fast over the last 20 years (Robertsson et al. 2001,

Crowninshield et al. 2006, Rantanen et al. 2006). The most dramatic change has

occurred in the oldest age groups and in patients with osteoarthritis (Robertsson et

al. 2001, Dixon et al. 2004, Fevang et al. 2007). More recently, rapid growth has

also been observed among patients aged 50–60 years (National Agency for

Medicines 2008). Overall, 10,411 primary knee replacements and 9,316 primary hip

replacements were performed and registered in the Finnish Arthroplasty Register in

2006 (National Agency for Medicines 2008).

The proportion and absolute numbers of elderly people are increasing in Western

countries – and so is the prevalence of obesity (Crowninshield et al. 2006) which is

one of the risk factor of knee osteoarthritis (Felson et al. 1997). Therefore, the

demand for joint replacement surgery can be expected to continue to grow. National

arthroplasty registers expect the yearly operation volumes to increase by 30–50% by

2030 (Robertsson et al. 2000, Rantanen et al. 2006).

5.2.2 Results

The evidence on the effectiveness of joint replacement surgery comes largely from

observational and retrospective studies, and there are no randomized studies

comparing joint replacement with other treatments of hip or knee osteoarthritis

(Jordan et al. 2003, Zhang et al. 2008). Nevertheless, earlier studies report

considerable improvements in the clinical hip and knee scores and consistently

support the use of joint replacement in the management of late-stage arthritis

(Hämäläinen 1985, Callahan et al. 1994 and 1995, Partio 1995, Jordan et al. 2003,

Kane et al. 2005). The rate of prosthesis failure is relatively low (see section 5.2.3).

Comparable results have been reported following revision hip and knee replacement

(Saleh et al. 2002a and 2003, Sheng et al. 2004 and 2006, Sheng 2007).

Improvements in the quality of life have been observed, especially in the domains

of (physical) pain and physical functioning. Postoperatively the patients reach the

quality of life scores of their control groups or the population normative values
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(Ethgen et al. 2004). In general, hip and knee replacements are considered highly

cost-effective procedures (Ethgen et al. 2004, Zhang et al. 2008). As hip

replacement results in slightly greater and earlier improvement in the quality of life,

it is considered more cost-effective than knee replacement (Rissanen 1996, Ethgen

et al. 2004, Zhang et al. 2008).

5.2.3 Failure of knee replacement

5.2.3.1 Prosthesis survival

Overall, the prosthesis failure rate is low. The pooled 10-year survival of primary

knee replacements is over 90% in clinical studies (Callahan et al. 1994, Forster

2003). Follow-up of consecutive cohorts in arthroplasty register data indicates that

the survival rates for aseptic loosening and for any revision have clearly improved

since the early 1980s (Robertsson et al. 2001). This improvement is attributable to

developments in asepsis, surgical technique and prosthesis designs. In recent

register-based studies, survival rates exceeding 95% and 90% at 5 and 10 years have

been reported in nationwide scale (Robertsson et al. 2001, Furnes et al. 2002, Gioe

et al. 2004, National Agency for Medicines 2008) and even following revision knee

replacement (Sheng et al. 2006). By 15 years, the survival of TKR declines to 80%

(Baker et al. 2007, Koskinen et al. 2008).

Male gender and younger age have been associated with higher probability of

prosthesis failure in several studies (Heck et al. 1998, Furnes et al. 2002, Rand et al.

2003) but the results concerning the effect of diagnosis and fixation method are

more heterogeneous (Heck et al. 1998, Robertsson et al. 2001, Furnes et al. 2002,

Gioe et al. 2004). Excellent results for unicondylar knee replacement (UKR) have

been reported in certain institutions (Geller et al. 2008), but in larger studies UKR

are associated with greater failure rate compared to cemented TKR (Robertsson et

al. 2001, Furnes et al. 2007, Koskinen et al. 2008).
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5.2.3.2 Reasons for failure *

Despite improvements in the outcome of knee replacement surgery, the most

common reasons of failure in the early studies (Ahlberg and Lundén 1981, Bryan

and Rand 1982, Cameron and Hunter 1982) – namely infection, aseptic loosening

and instability – are still an issue. Altogether these failure mechanisms account for

over two thirds of all revision operations (Table 5.2). The most important reasons

for the revision of UKR are aseptic loosening and progression of arthritis in non-

replaced compartments of the knee (Knutson et al. 1986, Barrett and Scott 1987,

Lewold et al. 1998, Robertsson et al. 2001, Gioe et al. 2003 and 2004, Furnes et al.

2007).

In addition to the early reports (Bryan and Rand 1982, Cameron and Hunter

1982), there are few reports dealing with the mechanisms of failure following TKR

(Fehring et al. 2001, Sharkey et al. 2002, Gioe et al. 2004, Mulhall et al. 2006).

Besides the three predominant reasons for failure, the reports reviewed list

numerous other indications: extensor mechanism-related or patellar complications,

dislocation, fracture of components or surrounding bone, osteolysis, polyethylene

wear, arthrofibrosis, pain only, progression of arthritis (in unicondylar knee

replacements) and other, unspecified reasons (Knutson et al. 1986, Barrett and Scott

1987, Stuart et al. 1993, Lewold et al. 1998, Fehring et al. 2001, Robertsson et al.

2001, Furnes et al. 2002, Sharkey et al. 2002, Gioe et al. 2003 and 2004, Sheng et al.

2004, Sierra et al. 2004, Mulhall et al. 2006, Sheng et al. 2006, Furnes et al. 2007).

As a consequence of using different categorization schemes for failure reasons and

differences in case definition and length of follow-up, the distribution of reasons for

revision varies considerably between different studies, making any comparisons

difficult (Table 5.2).

Approximately a half of prosthesis failures occur relatively early after the index

surgery. Of the revisions reported to the Swedish Knee Arthroplasty Register, half

were performed within four years of the index arthroplasty (Robertsson et al. 2001).

This figure is comparable to 31–56% at 2 years (Sharkey et al. 2002, Mulhall et al.

2006) and 63% at five years (Fehring et al. 2001) in clinical studies.

Infections, patellar complications and instability emerge as reasons for the early

failures occurring within 2–5 years after the primary operation (Fehring et al. 2001,

Sharkey et al. 2002, Gioe et al. 2004, Mulhall et al. 2006). In these cases the failure
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Table 5.2. Reasons for revision following total knee replacement (TKR) and
unicondylar knee replacement (UKR) in previously published studies*.

Reason for failure TKR,
% of revisions

 UKR,
% of revisions

Aseptic loosening 3–55  23–89
Polyethylene wear 3–44  9–23
Patellar / Extensor mechanism -related
complications

6–41  1–7

Infection 7–38  2–11
Instability 6–29  2–18
Malalignment 3–12  3
Periprosthetic fracture 1–5  1–5
Progression of arthritis -  17–51
Unspecified reasons 4–31  6–15

*, Knutson et al. 1986, Barrett and Scott 1987, Stuart et al. 1992, Lewold et al. 1998, Fehring et al.
2001, Robertsson et al. 2001, Furnes et al. 2002, Sharkey et al. 2002, Gioe et al. 2003 and 2004,
Sheng et al. 2004, Sierra et al. 2004, Mulhall et al. 2006, Sheng et al. 2006, Furnes et al. 2007.

mechanism is closely related to the index arthroplasty. For example, the majority of

early infections are caused by perioperative contamination (see section 5.3.4, p. 26).

Similarly, failure to adequately balance soft tissues and component malalignment

may lead to instability. In the long haul, prosthesis failure is more often related to

implant design and prosthesis fixation. Polyethylene wear and aseptic loosening are

frequent reasons for late revision knee replacements (Fehring et al. 2001, Sharkey et

al. 2002).

Infections were considered in all studies reviewed and accounted for 7–38% of

all reasons for TKR revisions. In UKR, infections were less frequent (Table 5.2). Up

to 25–38% of the early revision knee replacements were performed due to infection

(Fehring et al. 2001, Sharkey et al. 2002, Mulhall et al. 2006). The proportion of

infections from all reasons of revision gradually declines with increase in the length

of follow-up (Gioe et al. 2004).

The most common reasons for revision total knee replacement are aseptic loosening
of femoral and/or tibial components, polyethylene wear, infection and extensor
mechanism -related problems [A]. Among early failures occurring within 2–5 years
after the index operation, infections predominate, being the indication for revision
in 25–38% of cases [B]. The importance of infections as a reason for revision
decreases as the length of follow-up increases [C]. Aseptic loosening and
progression of arthritis are the most frequent causes of failure after unicondylar
knee replacement [B].
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5.3 Infected knee replacement

5.3.1 Epidemiology

Postoperative infections were a severe problem in the early era of joint replacement

surgery complicating 1.6–6.9% of primary knee replacements (Grogan et al. 1986,

Johnson and Bannister 1986, Wilson et al. 1990, Bengtson and Knutson 1991,

Wymenga et al. 1992). In revision knee replacement the burden of infections was

even higher, up to 15% (Grogan et al. 1986, Johnson and Bannister 1986). The

prosthetic joint infection (PJI) rates are higher following knee than hip replacement

(Salvati et al. 1982, Wymenga et al. 1992, Phillips et al. 2006, Huotari et al. 2007c).

The difference is at least partly explained by the thinner soft tissue coverage over

the knee.

Follow-up of consecutive cohorts of knee replacements in the Swedish Knee

Arthroplasty Register has demonstrated a declining trend in the cumulative rate of

revisions for the treatment of infection in 1978–1997 (Robertsson et al. 2001,

Harrysson et al. 2004). In addition, the incidence of infected knee replacement in a

UK hospital declined from 4.4% to 1% after introduction of improved aseptic

techniques and routine antibiotic prophylaxis (Johnson and Bannister 1986, Blom et

al. 2004). Contradicting these results, Phillips and co-workers (2006) did not

observe any significant changes in the PJI rate during a 15-year period from 1987 to

2001 in a specialist orthopedic hospital. The relatively small number (n = 41) of

infected knee replacements in this study, however, precludes a thorough analysis of

temporal trends.

The most recent clinical studies report PJI rates around 1% following primary

knee replacement (Figure 5.1). The lowest infection rates are from specialized

orthopedic institutions (Peersman et al. 2001, Phillips et al. 2006), and in other

settings PJI rates from 1.5% to 3.9% have been reported (Chiu et al. 2002, Babkin et

al. 2007). A nationwide register-based survey in Finland revealed a PJI rate of 1.9%

following primary knee replacements performed for osteoarthritis (Remes et al.

2007). It is, however, important to note that the definitions of infection, surveillance

methodology and length of follow-up vary considerably across studies thus making

direct comparisons difficult (Appendix 2; to be discussed later).
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Figure 5.1. The rates of infected knee replacement in selected series of primary and

revision knee replacements. Studies are sorted by year of publication.
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The PJI rates following revision knee replacement vary considerably (Figure 5.1):

Peersman and co-workers (2001) reported a PJI rate of 0.97% whereas in the study

by Lazzarini and co-workers (2001) infection occurred in every tenth case during 2-

year follow-up. The striking differences may be attributable to reasons for revision

and perioperative factors not reported in these studies.

The incidence of infected knee replacement peaks during the first few

postoperative months and then gradually declines. In a large clinical study of 10,735

primary hip and knee replacements followed for up to 10 years, 29% of infected

knee replacements occurred during the first three months and 81% by two years

(Phillips et al. 2006). Up to 25% of revision knee replacements performed within 2

years after the primary operation but only 3–10% of those performed later are due to

infection (Sharkey et al. 2002, Gioe et al. 2004, Mulhall et al. 2006). In short: when

infection occurs, it causes early failure.

5.3.2 Surveillance

Surgical site infections account for approximately 30% of all hospital-acquired

infections (Lyytikäinen et al. 2005). As a high-volume procedure associated with

relatively high cost, joint replacement operations have been included in many

national hospital infection surveillance programs (de Boer et al. 2001, Gastmeier et

al. 2005, Huotari et al. 2007a). The majority of surveillance programs are based on

the surveillance methodology of the National Nosocomial Infections Surveillance

System (NNIS; Emori et al. 1991) and Centers for Disease Control and Prevention

(CDC) criteria for surgical site infections (Horan et al. 1992).

Monitoring postoperative infection rates helps to identify outbreaks related, for

example, to inadequate aseptic techniques, and to analyze the effectiveness of

infection control practices. Uniform methodology should allow comparisons

between consecutive cohorts and different institutions or even countries. However,

this intriguing possibility is flawed, for example, by differences in post-discharge

surveillance practices, which affect the number and severity of infections detected

by the surveillance programs (de Boer et al. 2001, Huotari et al. 2006, IPSE 2006,

Gastmeier 2007). Nevertheless, giving feedback about the infection rates to the

operating surgeons has been shown to reduce surgical site infection rates making
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prospective surveillance systems an effective method in infection prevention

(Mangram et al. 1999).

5.3.3 Classification

Prosthetic joint infections can be classified by the time of onset, clinical picture and

depth of infection. These classifications have relevance in actual practice, as the

pathogenesis, pathogens, clinical presentation, treatment approaches and outcome

differ across the various types of infections (Segawa et al. 1999, Zimmerli et al.

2004, Leone and Hanssen 2006).

The most commonly used classification for the time of onset is based on the early

report by Coventry (1975), where infections following hip replacement were divided

into three groups: early infections (<1 month postoperatively), delayed infections

(2–24 months) and new hematogenous infections (after 1–2 years). Later, these

groups have been re-named early postoperative infections, late chronic infections

and acute hematogenous infections, respectively, to better describe the clinical

setting and to guide the treatment. Moreover, a separate group has been introduced

for positive intraoperative bacterial cultures without clinical signs of infection

(Segawa et al. 1999).

Figure 5.2. CDC classification for the depth of infection. Schematic illustration

showing cross-sections of the abdominal wall (left-hand side) and a prosthetized

knee (right-hand side). The cross-sections are not proportional.
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The CDC criteria (Horan et al. 1992) include three categories for the depth of

surgical site infection. Superficial infections are restricted to the skin and

subcutaneous tissue at the site of the incision. Deep incisional infections involve

muscle or fascial layers but do not extend into the joint cavity. Organ/space

infections extend deep into the fascia and, in the knee, contaminate the prosthesis.

Due to anatomical reasons (Figure 5.2) the CDC classification works poorly in

the case of infected knee replacement. Especially deep incisional infections may be

easily classified incorrectly (Huotari et al. 2007a). To overcome this problem, either

superficial and deep incisional infections (Huotari et al. 2007c) or deep incisional

and organ/space infections (Phillips et al. 2006) have been pooled together in earlier

studies. However, the majority of earlier studies on this field deals with infected

TKR separately from superficial infection but do not explicitly define the criteria for

either type of infection.

5.3.4 Etiopatogenesis

In most cases, PJI is caused by bacterial contamination of the joint cavity during the

operation or during the early postoperative period. Later, bacterial contamination

may occur via hematogenous spread from a distant source. The potential sources

include skin infections, urinary tract infections and/or genitourinary operations,

lung, dental procedures and distant sites of infection (Waldman et al. 1997, Cook et

al. 2007). Regardless how contamination occurs, the pathogenesis of PJI follows the

same principles.

Upon implantation joint prostheses are covered by plasma proteins within

minutes (van de Belt et al. 2001). The protein cover is essential for tissue integration

but simultaneously provides ground for bacterial adhesion. The presence of any

foreign body reduces the bacterial inoculum required to cause infection (Zimmerli et

al. 2004). Moreover, traumatized tissue and blood within the operated joint provides

grounds for bacterial growth.

In uninterrupted conditions, contaminating and adherent bacteria start to

multiply, form a coat on the prosthesis surface and cover themselves with a slime

layer (van de Belt et al. 2001). The slime layer with the embedded bacteria is called

a biofilm. The biofilm protects the bacteria against antibiotics and host defense



27

mechanisms. Furthermore, the bacteria may set themselves into quiescent, non-

diving state, which improves their resistance to antibiotics affecting cell division

(Zimmerli et al. 2004). Antibiotic treatment alone is therefore usually ineffective

against biofilm-adherent bacteria in PJI, and removal of the infected prosthesis is

usually required to control the infection (see section 5.6, p. 53).

Formation of a biofilm makes bacterial adhesion irreversible and is therefore a

critical step in the pathogenesis of PJI. The purpose of antibiotic prophylaxis is to

support the host defense mechanisms and to thereby lower the risk of bacterial

colonization. Unfortunately, perioperative disturbances in local blood circulation

and locally acquired biomaterial-mediated granulocyte defect reduce the

probabilities of eliminating the contaminating bacteria (Zimmerli et al. 2004).

In the longer term the consequences of biofilm formation are dependent on the

interaction between the bacteria and the host defense mechanisms. Virulent bacteria

often cause acute inflammation and even a septic clinical picture, which can be

easily detected. Less virulent bacteria embedded in a biofim, instead, are

inaccessible to the host defense and do not necessarily initiate an inflammatory

response. Low-grade infections may therefore be asymptomatic for years (Zimmerli

et al. 2004). Over time some bacteria detach from the biofilm, which results in the

activation of host defense mechanisms. If the host is capable of controlling bacterial

growth the clinical signs may be subtle until continuous release of inflammatory

cytokines leads to periprosthetic osteolysis and loosening of the prosthesis.

5.3.5 Microbiology

The majority of PJI is caused by staphylococcal species which commonly colonize

skin: coagulase-negative staphylococci (CNS) and Staphylococcus aureus account

for over a half of all infections (Peersman et al. 2001, Blom et al. 2004, Huotari et

al. 2006, Phillips et al. 2006, Chesney et al. 2008). Other pathogens isolated in

infected joint replacements include streptococci, gram-negative rods, such as

enterococci, Escherichia coli and Pseudomonas aerigunosa. In rare cases, anaerobic

bacteria from the oral cavity may cause PJI through hematogenous spread

(Waldman et al. 1997). The proportion of polymicrobial infections varies from zero

to up to one third (Peersman et al. 2001, Huotari et al. 2006, Phillips et al. 2006).
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Pathogen remains unknown in 10–22% of otherwise apparent infections

(Peersman et al. 2001, Huotari et al. 2006, Berbari et al. 2007). The underlying

reasons include failure to detect biofilm-adherent bacteria in synovial fluid or tissue

samples, inadequate or insufficient culture techniques and prior use of antibiotics

(Zimmerli et al. 2004, Trampuz et al. 2007). Ultrasonication of removed implants

and polymerase chain reaction techniques may improve the detection of bacteria in

culture-negative cases (Trampuz et al. 2007) but – on the other hand – may cause

false positive results.

5.3.6 Diagnostics

The clinical presentation of infected knee replacement depends on the type of

infection and the infecting pathogen. Acute infections usually cause the classic signs

of infection: pain, erythema, warmth and disturbance of function (dolor, rubor,

calor et functio laesa). There may be joint effusion, a sinus tract into the joint or the

patient may present with high body temperature or even a septic clinical picture. In

delayed, low-grade infections the symptoms are less dramatic, making it difficult to

differentiate low-grade infection from aseptic loosening (Bernard et al. 2004,

Zimmerli et al. 2004). Persistent pain, stiffness and radiographic signs of implant

loosening are suggestive of delayed infection but these findings are not specific

(Zimmerli et al. 2004, Phillips et al. 2006).

5.3.6.1 Diagnostic tests

Clinical evaluation alone is an essential but insufficient method in the diagnostics of

PJI (Bernard et al. 2004). Radiological examinations and analysis of several

laboratory parameters are required to support the clinical hypothesis – or to rule out

the possibility of PJI. Compared to the gold standard – that is, growth of bacteria on

a specimen taken from inside the joint during the operation – not a single diagnostic

test has shown superior accuracy in the diagnostics of PJI (Trampuz et al. 2003,

Bernard et al. 2004). Overall, the reported sensitivities and specificities for different

techniques vary considerably across studies (Table 5.3). This may be partly

explained by the types of infections included in the analyses.
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Table 5.3. Sensitivities and specificities of various diagnostic techniques in
detecting PJI, according to previously published studies and review articles*.

Diagnostic technique  Sensitivity Specificity  Comments

Laboratory markers
 White blood cell count  0.47–0.70 1.00
 Neutrophil count  0.20–0.84 0.81–1.00
 C-reactive protein  0.61–1.00 0.64–1.00
 Erythrocyte

sedimentation rate
 0.29–1.00 0.40–1.00

 Interleukin-6  0.95 0.89
 Tumor necrosis factor

alpha
 0.43 0.94 Experimental techniques.

From Bottner et al. (2007)

Synovial fluid and tissue
samples
 Culture of preoperative

synovial fluid aspirates
 0.11–1.00 0.78–1.00

 Synovial fluid leukocyte
count

 0.91–0.94 0.88  >1100–1700 / mm3

 Neutrophil proportion in
synovial fluid

 0.95–0.97 0.95–0.98  65%

 Gram-staining of the
synovial fluid

 0.25 0.98

 Histopathological
examination of
periprosthetic tissue

 0.25–1.00 0.90–1.00  High inter-observer
variability

 Bacterial cultures of
periprosthetic tissue

 0.64–0.94 0.97–1.00  Gold standard. Three or
more positive cultures
have specificity of 0.996
(Atkins et al. 1998).

 Polymerase chain
reaction

 0.92 0.74  From Panousis et al.
(2005). Many false
positive results.

Radiographic techniques
 Plain radiographs  0.73 0.24
 Three-phase bone scan  1.00 0.09–0.23
 Bone scan with

radiolabeled leukocytes
 0.38–1.00 0.41–1.00

 Bone scan with
radiolabeled
ciprofloxacin

 0.80–0.92 0.78–0.91

Late imaging at 24 hours
improves sensitivity and
specificity compared to
routine 2- and 4- hour
images (Larikka 2003).

 Bone scan with
radiolabeled IgG

 0.89–1.00 0.65–0.88

*, Larikka (2003), Trampuz et al. (2003, 2004), Bernard et al. (2004), Zimmerli et al.
2004, Panousis et al. (2005), Bottner et al. (2007) and Ghanem et al. (2008); IgG,
immunoglobulin G;
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In acute early or hematogenous infections, inflammation markers, such as C-

reactive protein (CRP), white blood cell count and erythrocyte sedimentation rate

usually rise (Zimmerli et al. 2004). However, the joint replacement operation per se

leads to a rapid increase in CRP (Zimmerli et al. 2004, Niskanen 2006). Usually,

CRP returns to preoperative level in about a week after the operation (Laiho et al.

2001). Continuously elevated CRP level or a new rise after a couple of days may be

indicative of a septic process or other postoperative complication (Niskanen 2006).

Preoperative aspiration is frequently used in the preoperative evaluation of

suspected infectious cases. In patients without underlying inflammatory disorder,

synovial fluid leukocyte count (>1100–1700 / mm3) and differential (neutrophil

percentage 65%) have shown high sensitivity and specificity in detecting PJI

(Table 5.3) and may – to some extent – correlate with the virulence of the infecting

organism (Trampuz et al. 2004, Ghanem et al. 2008). Moreover, a sample for

bacterial cultures can collected preoperatively to help in guiding antibiotic

treatment. In general, however, preoperative aspiration appears a specific rather than

a sensitive diagnostic method (Bernard et al. 2004).

The radiological techniques available include plain radiographs, bone scans and

special techniques, such as the use of radio-labeled leukocytes and antibiotics

(Larikka 2003, Bernard et al. 2004, Zimmerli et al. 2004). Signs indicating early

loosening of the knee prosthesis in plain radiographs are suggestive of an infectious

process but specificity is low. Bone scans and leukocyte imaging can be used to rule

out delayed infection 1–5 years postoperatively. Periprosthetic bone remodeling

during the first postoperative year and aseptic loosening later in the follow-up may

cause false positive results (Larikka 2003, Zimmerli et al. 2004). Novel techniques,

such as radio-labeled antigens, antibiotics or leukocytes, have shown high

sensitivities, but have poor specificity and are not readily available in most centers

(Bernard et al. 2004).

Good sensitivity but also a large number of false positive entries have been

reported for polymerase chain reaction (Panousis et al. 2005). There is some data

concerning the value of inflammatory cytokines (interleukin-6, tumor necrosis

factor alpha, procalcitonin) in the diagnostics of PJI (Bottner et al. 2007), but at

present, these techniques are experimental and warrant further research before they

can be taken into routine use.
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Table 5.4. Suggested diagnostic criteria for prosthetic joint infections.

CDC criteria for organ/space infection (Horan et al. 1992)
 1) Infection occurs within 1 year and the infection appears to be related to the operation, and

2) infection involves any part of the anatomy which was opened or manipulated during
surgery, and
3) patient has one or more of the following:

a) purulent drainage from a drain placed in the organ/space;
b) organisms isolated from an aseptically obtained culture of fluid or tissue in the
organ/space;
c) an abscess or other evidence of infection involving the organ/space found on direct
examination, during operation or by histopathological or radiological examination;
d) diagnosis of an organ/space surgical site infection by a surgeon or attending
physician.

Mayo Clinic criteria (Berbari et al. 1998, Trampuz et al. 2007)
 One or more of the following:

1) growth of the same microorganism in two or more cultures of synovial fluid or
periprosthetic tissue, or
2) pus in synovial fluid or at the implant site, or
3) histological examination showing acute inflammation in periprosthetic tissue, or
4) a sinus tract communicating with the prosthesis.

OSIRIS criteria (Atkins et al. 1998)
 Growth of the same pathogen was detected on three of at least five different samples

Spangehl et al. 1999 (for infected hip replacement)
 One or more of the following:

1) open wound or sinus communicating to the hip, or
2) systemic infection with hip pain and pus in the hip, or
3) three or more of the following:

a) erythrocyte sedimentation rate > 30 mm/h;
b) C-reactive protein > 10 mg/l;
c) positive culture in preoperative aspiration;
d) > 5 polymorphonuclear neutrophils per high-power field in frozen section analysis;
e) more than 1/3 of intraoperative cultures positive.

5.3.6.2 Diagnostic criteria

The gold standard in the diagnostics of infected knee replacement is bacterial

culture of an intra-articular sample. This method, however, is not 100% accurate

(Trampuz et al. 2007). For example, bacteria adhering in a biofilm are not

necessarily detected with this technique. Thus, reliance on microbiological data

alone may lead to underestimation of the incidence of PJI and – on the other hand –

yield false positive results (e.g. positive intraoperative cultures due to contamination

of the tissue samples).



32

To overcome these difficulties several different diagnostic criteria have been

introduced and have gained popularity in the literature concerning PJI (Table 5.4).

One of the key differences between the criteria is the role of bacterial confirmation:

according to some one or more positive cultures are required (Atkins et al. 1998)

while in others no bacterial confirmation is required for diagnosis if other criteria

are met (Horan et al. 1992, Berbari et al. 1998, Spangehl et al. 1999).

It is important to note that the criteria presented in Table 5.4 have been developed

for different purposes. For example, CDC criteria are used in infection surveillance

where it is important that the criteria can be easily applied in different settings and

by personnel with varying competences. In most clinical studies more detailed

definitions are required.

5.4 Risk factors and prevention of infected knee
replacement

The idea in the analysis of risk factors is to identify patients predisposed to an

adverse outcome so that, for example, preventive measures and patient selection

criteria can be optimally targeted. The optimal study design for the analysis of risk

factors is a prospective, population-based cohort study (Greenhalgh 2001) where the

incidence of the endpoint event is compared between a group of patients with a

certain property (e.g. underlying disease) and those without. Cohort studies are

resource-intensive and usually allow analysis of only one factor at a time.

Health registers or clinical databases, such as arthroplasty registers, provide

valuable data for the retrospective analysis of different patient cohorts, although the

number of available variables and quality of data may be compromised. It should be

borne in mind that the temporal dependence between risk factor and outcome –

which is one of the key elements of causal relationships – cannot be analyzed

reliably with retrospective data (Guller 2006).

In case-control studies a group of patients with a specific condition (e.g.

infection) is compared to a control group without such condition with respect to

various different properties of interest. A higher prevalence, for example, of

rheumatoid arthritis in the case group may be thought to indicate that RA is a risk

factor for the studied outcome. A case-control setting allows the analysis of a
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number of explanatory variables, but the often small case numbers or low

prevalence of the explanatory conditions may cause false negative results in the

statistical analyses. Moreover, missing and erroneous data may be a problem as in

any retrospective study.

In a strict sense “risk factor” refers to the factors independently associated with

the outcome of interest. Therefore, the effect of confounding variables and

interactions between explanatory variables should be taken into account using

multivariate techniques in the analysis of risk factors. It can be also expected that

there is a causal relationship between the risk factor and outcome. In the following

sections “risk factor” is used in a broader sense to refer to the factors associated with

increased rate of postoperative infections. The results of the multivariate analyses

are reported separately.

5.4.1 Risk factors of surgical site infections in general

Analysis of the NNIS surveillance data has identified a number of risk factors,

which can be divided into two main groups. Patient-related factors include age,

nutritional status, diabetes, smoking, obesity, coexistent infections elsewhere in the

body, bacterial colonization, impaired immune response and length of preoperative

stay (Mangram et al. 1999). Of operation-related factors duration of operation,

antibiotic prophylaxis and operating room ventilation are associated with SSI

(Mangram et al. 1999). Prophylactic measures are discussed in Section 5.5.4 (p. 50).

There are two important scoring systems that can be used to stratify the

postoperative infection rate: the American Society of Anesthesiologists risk score

(ASA) and the National Nosocomial Infections Surveillance System risk index

(NNIS). ASA and NNIS scores are often routinely available in the operating room

data systems and thereby provide an easily available though crude method for

adjustment for case-mix differences e.g. in comparisons between different hospitals.

The ASA risk score describes patient comorbidity on a 5-step scale (Owens et al.

1978). ASA score 1 stands for healthy patients aged 55 years or less, and score 5 for

patients whose life expectancy is less than 24 hours without surgery. In the NNIS

risk index (Emori et al. 1991), ASA score of 3, wound classified as contaminated

or dirty (see Mangram et al. 1999), and duration of the surgery exceeding the
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operation-specific 75th percentile cut-off value produce each one point to the sum

score. Thus, the possible values of the NNIS index range from zero to three.

In general, NNIS has been considered probably the most feasible tool available to

predict the risk of SSI (Emori et al. 1991, Brandt et al. 2004). In some instances

both ASA and NNIS scores may, however, lack discriminative power if the patient

materials are too homogenous. For example, most patients undergoing elective TKR

are classified into ASA categories 2 or 3 (indicating that they either have a mild

systemic disease (ASA 2) or a severe but stable systemic disease that is not a

constant threat to life (ASA 3)) or NNIS categories 0–1 (Friedman et al. 2007).

Nevertheless, in the absence of more sophisticated tools ASA and NNIS scores are

considered a useful way – or at least better than nothing – to account for case-mix

differences (Friedman 2007).

5.5 Risk factors of infected knee replacement

The papers identified in the review of the literature are listed and briefly described

in Appendix 2. An overview of the results of the studies reviewed is presented in

Figures 5.3 and 5.4 (pages 36 and 44).

There were five case-control studies (including one in which hip and knee

replacements were analyzed without stratifying the risk factors between the two

types of operation) and 13 studies using cohort study design which reported on the

risk factors of infected knee replacement in general (Appendix 2). Confounding

variables were accounted for in 12 of theses studies using multivariate regression

analyses, and in six studies superficial SSI and PJI were analyzed together.

Additional 33 studies focusing on the effect of some specific risk factors were also

reviewed.

Infection is one of the outcomes investigated in the reports of the national and

regional arthroplasty registers (Robertsson et al. 2001, Furnes et al. 2002 and 2007)

and studies focusing on quality-of-care aspects using register-based materials (see

section 5.5.3, p. 49). Such register-based data make it possible to analyze large

cohorts, but in several studies based on US administrative register data especially

the follow-up has been restricted to the perioperative hospitalization or the first 90

postoperative days (Hervey et al. 2003, Katz et al. 2004, SooHoo et al. 2006a).
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Moreover, administrative registers are lacking microbiological data which could

enable case confirmation.

Four of the studies reviewed (de Boer et al. 2001, Gastmeier et al. 2005, Huotari

et al. 2007c, Muilwijk et al. 2007) were based on prospective nosocomial infection

surveillance data. Although the case definitions are standardized in these studies

infection surveillance programs, relatively little data on patient characteristics and

perioperative factors is registered to make attending surveillance simple and

acceptable and to maintain data quality.

5.5.1 Patient-related factors *

Gender differences and age have not been specifically addressed in any of the

studies reviewed. The case-control studies have used gender and age for adjusted

selection of patients for the control group, which precludes the analysis of the effect

of these factors on the infection rate.

Several register-based studies suggest that male patients carry an up to 2-fold risk

of infection (Robertsson et al. 2001, Furnes et al. 2002, Kreder et al. 2003,

Harrysson et al. 2004) while most other studies report no significant difference

between male and female patients (Figure 5.3). It is possible that gender is a proxy

for some gender-related risk factor(s) for infection that has not been investigated in

earlier studies. Lübbeke et al. (2007) reported that obesity is associated with higher

risk of infected total hip replacement in women but not in men. Such comparisons

have not been performed in the field of knee replacement.

With regard to age, two register-based studies (Kreder et al. 2003, SooHoo et al.

2006a) have shown a slightly lower risk of infected knee replacement with

increasing age.  In other studies age has not been associated with infected TKR.

A higher rate of infections has been observed in relation to malnutrition (Greene

et al. 1991, Berbari et al. 1998, Peersman et al. 2001), smoking and alcohol abuse

(Peersman et al. 2001, Saleh et al. 2002b, Parvizi et al. 2007) but not all of these

studies have shown statistically significant results. In a randomized Danish study,

fewer wound-related complications (18% vs. 52%) occurred among total joint

replacement recipients who had participated in a preoperative smoking cessation

program (Møller et al. 2002).
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Figure 5.3. The risk of infected knee replacement associated with selected patient-

related variables. The odds ratios and relative risks presented are derived from the

studies included in the review of the literature. *, analyzed as continuous variable;

ASA, American Society of Anesthesiologists; †, compared to osteoarthritis.
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Age and sex do not seem to affect the occurrence of infected knee replacement [C].
Smoking, alcohol abuse and malnutrition may be associated with higher rate of
infected knee replacement [C].

5.5.1.1 Indication for knee replacement *

A diagnosis other than osteoarthritis is associated with a higher rate of infected knee

replacement (Figure 5.3). This is mostly due to the 2-to-4-fold increase in the

infection rate following knee replacements performed for rheumatoid arthritis (RA)

(Johnson and Bannister 1986, Wilson et al. 1990, Bengtson and Knutson 1991,

Wymenga et al. 1992, Berbari et al. 1998, Robertsson et al. 2001). The infection

rates reported range from 2.2% to 9.9%. In some more recent studies, however,

slightly lower rates (0.8–2.8%) and no statistically significant differences between

rheumatoid arthritis and osteoarthritis have been observed (Huotari et al. 2007c, Lai

et al. 2007, Chesney et al. 2008).

In patients with osteoarthritis, most infections occur fairly soon after the

operation. Rheumatoid arthritis predisposes to hematogenous infections (Bengtson

and Knutson 1991), and accordingly, the incidence curve peaks again at

approximately 5 years postoperatively in patients with rheumatoid arthritis (Poss et

al. 1984).

The reasons underlying the association between RA and PJI are probably

multifactorial. Both direct and indirect effects are possible and include the effect of

comorbid diseases, anti-rheumatic medication and suppressed host immune defense.

Use of oral steroids has been shown to increase the risk of infected knee

arthroplasty in univariate analyses (Berbari et al. 1998, Parvizi et al. 2007), but other

studies report no effect (Gordon et al. 1990, Wymenga et al. 1992, Saleh et al.

2002b, Minnema et al. 2004, Lai et al. 2007). The results from the retrospective

studies concerning the effect of intra-articular steroid injections on the rate of

infected knee replacement have yielded mixed results and adjustment for

confounding factors was performed in none of these studies (Joshy et al. 2006,

Papavasiliou et al. 2006, Horne et al. 2008). Immunosuppressive agents in general

(Peersman et al. 2001) and the novel biological anti-rheumatic drugs may increase

the risk of severe infections following orthopedic procedures (Konttinen et al. 2005,
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Giles et al. 2006) whereas methotrexate does not seem to predispose to SSI (Perhala

et al. 1991, Grennan et al. 2001).

There is less knowledge on the risk of infection in other inflammatory arthritides.

Patients who have previously suffered a knee fracture, instead, carry a 4-fold risk of

undergoing revision arthroplasty due to infection compared to patients with

osteoarthritis (Furnes et al. 2002).

Two studies have reported a high rate of infected TKR in patients with skin

psoriasis or psoriatic arthropathy (Stern et al. 1989, Drancourt et al. 1997), but in a

large case-control study with adjusted control group, no association between

psoriasis and PJI was observed (Berbari et al. 1998).

Patients with rheumatoid arthritis have a higher risk of experiencing infected knee
replacement compared to patients with osteoarthritis [A]. Prior fracture around the
knee and immunosuppressive therapy may predispose to infected knee replacement
[C]. Oral steroids [C] or intra-articular steroid injections [C] do not seem to affect
the rate of infected knee replacement.

5.5.1.2 Comorbidity *

Higher scores in ASA and NNIS risk indices predict infected knee replacement

(Gordon et al. 1990, Berbari et al. 1998, Huotari et al. 2007c, Parvizi et al. 2007).

The infection rates reported range from 1.2–1.6% in patients with ASA risk score of

three (de Boer et al. 2001, Huotari et al. 2007c, Chesney et al. 2008) to 17% in

patients belonging to the highest risk group (ASA 4) (de Boer et al. 2001). In US

register studies, the Charlson comorbidity index, derived from diagnosis codes

recorded in administrative medical databases, has shown a similar association

(Kreder et al. 2003, SooHoo et al. 2006a and 2006b). The number of comorbid

conditions also seems to correlate with the rate of infected knee replacement

(Peersman et al. 2001, Lai et al. 2007).

It should, however, be emphasized that the risk indices are crude estimates of

comorbidity and ASA and NNIS risk indices ignore the type and severity of

comorbid diseases. Moreover, different diseases may have different effects on the

wound healing process. Therefore, these risk indices work poorly as predictors of

infection risk at the level of an individual patient.
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Considering the pathogenetic mechanisms of PJI, the conditions which – either

directly or indirectly – impair host defense mechanisms, delay wound-healing or

predispose to hematogenous spread of bacteria are of interest. Peersman and

associates (2001) found an association between comorbidity and infection rate, but

after the patients were stratified by type of comordid disease it turned out that those

patients with increased anesthesiological risk due to cardiological, neurological or

respiratory disorders did not have any higher rate of infected knee replacement. This

result is supported by other authors (Saleh et al. 2002b, Babkin et al. 2007, Lai et al.

2007).

Genito-urinary diseases (Lai et al. 2007), diabetes (see section 5.5.1.3), obesity

(see section 5.5.1.4) and malignancies (Berbari et al. 1998) have been associated

with infected knee replacement in earlier studies. Although none of the studies

reviewed analyzed the association between advanced peripheral atherosclerotic

vascular disease and infected knee replacement, clinical experience suggests that

special attention should be paid to this patient group to prevent postoperative

infections (Mihalko et al. 2008).

High PJI rates have been reported in studies on the outcomes of TKR in the

relatively rare groups of patients with hemophilic arthropathy (16%; Silva and Luck

2005), human immunodeficiency virus infection (29%; Parvizi et al. 2003), liver

cirrhosis (21%; Shih et al. 2004) and renal or liver transplantation (19%;

Tannenbaum et al. 1997). In a series of 16 TKRs performed due to tuberculous

arthritis, recurrence of tuberculosis was observed in 5 cases but no other

postoperative infections were observed (Su et al. 1996).

Urogenital tract, distant skin infections and the mouth (especially in relation to

dental procedures) have been considered as potential sources of late hematogenous

infection (Cook et al. 2007, Mihalko et al. 2008) but convincing evidence is lacking.

In a large case series reported by Waldman et al. (1997) 11% of late hematogenous

infections (0.2% of the total cohort) could be linked to a preceding dental procedure.

The relative importance of dental disorders could not be assessed in that study due

to the lack of a control group.

Preoperative urine screening is routinely used in many institutions, but to date, no

study has indicated that preoperative bacteriuria predisposes to SSI following TKR

(Glynn and Sheehan 1984, Wymenga et al. 1992, David and Vrahas 2000).

Considering the huge proportion of elderly patients with asymptomatic bacteriuria



40

(Glynn and Sheehan 1984) and the good efficacy of routine prophylactic antibiotics

against the most common uropathogens, routine preoperative urine screening does

not appear necessary. However, it may be advisable to treat symptomatic urinary

tract infection and to carefully evaluate patients with symptoms of urinary

obstruction (which may predispose to postoperative urinary retention) before

proceeding with surgery (David and Vrahas 2000).

ASA risk score  3 and NNIS risk index > 1 are associated [A] and increase in the
number of comorbid diseases may be associated [C] with a higher rate of infected
knee replacement. The type and severity of the comorbid disease may affect the rate
of [C]. At least genito-urinary disorders, systemic malignancy and liver cirrhosis
seem to predispose to infected knee replacement. Organ transplant (liver or kidney)
recipients may have higher risk of PJI [C]. Cardiovascular, neurological and
respiratory diseases do not seem to be associated with higher rate of infected TKR
[C]. Higher than expected rates of postoperative infections have been reported in
patients with hemophilic arthropathy [D], human immunodeficiency virus infection
[D] and prior tuberculous arthritis [D] but there is a lack of comparative studies.

5.5.1.3 Diabetes *

Up to 10% of patients undergoing knee replacement have diabetes (Papagelopoulos

et al. 1996, Meding et al. 2003 and 2007). In Finland, type I (insulin-dependent)

diabetes accounts for 5–10% of all cases of diabetes. In patients undergoing TKR,

diabetes is usually of type II (adult-onset). Type II diabetes is associated with

obesity and metabolic syndrome (see section 5.5.1.4) and – unlike type I diabetes –

often remains totally asymptomatic in its early course. Studies where general

population (Peltonen et al. 2006) or joint replacement recipients (Meding et al.

2007) have been screened systematically have shown that up to half of the patients

with diabetes lack a proper diagnosis.

Patients with diabetes are vulnerable to all types of infections (Peleg et al. 2007),

and diabetes is a well-recognized risk factor of SSI (Mangram et al. 1999). Insulin

resistance – which is the key pathogenetic mechanism in type II diabetes (Kahn et

al. 2006) – and consequent hyperglycemia have been associated with reduced

leukocyte chemotaxis, phagocytosis and superoxide production (Peleg et al. 2007).

In addition, diabetes is associated with prolonged wound healing and drainage

(Wong et al. 1986) which may predispose to infected knee replacement (see section
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5.5.2.5). In advanced disease, neuropathic and vascular ulcers may provide a source

for late prosthesis contamination via the hematogenous spread of bacteria. It is of

note that perioperative hyperglycemia may occur in patients with prediabetic

pancreatic -cell dysfunction as a result of surgical stress-induced insulin resistance

(Ljunqvist et al. 2007).

The effect of diabetes on the occurrence of infected knee replacement is unclear,

as the previously published studies have yielded mixed results (Figure 5.3, p. 36).

Some case series report infection rates of up to 7% (England et al. 1990, Yang et al.

2001) and in case-control studies significantly more infections have been observed

in association with diabetes (Berbari et al. 1998, Lazzarini et al. 2001, Peersman et

al. 2001, Syahrizal et al. 2001), but other authors report no difference (Gordon et al.

1990, Wymenga et al. 1992, Saleh et al. 2002b, Babkin et al. 2007, Lai et al. 2007,

Parvizi et al. 2007, Chesney et al. 2008, Fan et al. 2008).

One comparative study demonstrated a significant increase in the rate of infected

TKR in diabetic patients (Serna et al. 1994) whereas in another there was only a

slight and statistically non-significant difference between patients with and without

diabetes (1.2% vs. 0.7%) (Meding et al. 2003). In the latter study, the use of

antibiotic-impregnated cement, which has been shown to be an effective way to

prevent infected knee replacement in patients with diabetes (Chiu et al. 2001), may

have contributed to the low infection rates.

It is unclear which factors contribute to the occurrence of PJI in diabetic subjects.

Prosthetic joint infections have been found to be strongly associated with the use of

insulin (England et al. 1990, Saleh et al. 2002b, Meding et al. 2003), but it is unclear

whether insulin therapy per se predisposes to PJI or if it functions as a surrogate

marker for the severity of disease (Meding et al. 2003).

Other possible contributing factors include the type of oral anti-diabetic

treatment, diabetes-related complications (especially peripheral neuropathy,

atherosclerosis of peripheral arteries and diabetic ulcers) and the severity of glucose

metabolism disorder. In two relatively small studies preoperative glucose was not

found to affect the risk of postoperative infections in general population undergoing

TKR (Minnema et al. 2004, Babkin et al. 2007). Neither were preoperative and

postoperative fasting and post-meal glucose associated with infected knee

replacement in a prospective study involving 78 patients with diabetes (Chiu et al.
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2001). The effects the other possible mediators of PJI rate have not been

investigated yet.

Diabetes is probably associated [B] and insulin therapy may be associated [C] with
higher rate of infected knee replacement. Preoperative glucose values measured in
general population undergoing TKR do not seem to correlate with the infection rate
[C].

5.5.1.4 Obesity *

Obesity refers to excess weight – as a result of abnormal fat accumulation – in

relation to body height. The World Health Organization (2004) classifies obesity on

the basis of body mass index (BMI; body weight in kilograms divided by squared

height in meters) as follows: BMI values <25 are considered normal, BMI 25–29

indicate overweight and BMI  30 obesity. Patients with BMI 35–40 are considered

highly and those with BMI  40 morbidly obese. The prevalence of obesity is

increasing world-wide (Berghöfer et al. 2008), and in two recent US studies over

half of total joint recipients were obese (Namba et al. 2005, Fehring et al. 2007).

Obesity is a risk factor of osteoarthritis of the weight-bearing joints (Felson et al.

1997, World Health Organization 2004) and – on the other hand – osteoarthritis

limits activity leading easily to gaining overweight. Therefore, it is not surprising

that (compared to general population) obese patients are overrepresented among

patients undergoing knee replacement (Fehring et al. 2007).

Despite the higher probability of wound-healing complications, technical

difficulty in the operation and risk of ligamentous injury, satisfactory clinical

outcome and prosthesis survival have been reported for obese patients (Spicer et al.

2001, Foran et al. 2004, Kane et al. 2005, Amin et al. 2006b). The data concerning

the effect of obesity on postoperative infection rate, instead, is inconclusive (Figure

5.3, p. 36): higher rates of postoperative infections in obese patients have been

reported in some studies (Peersman et al. 2001, Namba et al. 2005) but in a number

of other studies no statistically significant difference has been observed (Berbari et

al. 1998, Spicer et al. 2001, Miric et al. 2002, Saleh et al. 2002b, Foran et al. 2004,

Amin et al. 2006b, Lai et al. 2007, Parvizi et al. 2007, Chesney et al. 2008). Many of

these studies, however, have been too small to allow reliable comparisons of the

infection rates. Furthermore, not all studies used similar definitions for obesity.
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Morbid obesity predisposes to postoperative complications, including infection,

and is associated with compromised clinical outcome (Winiarsky et al. 1998, Foran

et al. 2004, Amin et al. 2006a). The infection rates quoted range from 4.9% to 10%

(Winiarsky et al. 1998, Amin et al. 2006a). The probable explanations for the

increased rate of SSI in obese and morbidly obese patients include diabetes (see

section 5.5.1.3), technical difficulty, longer duration of surgery, poor vascularization

of fat tissues and weakened immune response (Namba et al. 2005). In morbidly

obese patients would-healing problems (see section 5.5.2.5) seem to have an

important role (Gordon et al. 1990, Winiarsky et al. 1998).

Obesity (defined as BMI of 30 kg/m2 or over) and morbid obesity (BMI 40 kg/m2)
may be associated with an increased rate of infected knee replacement [C].

5.5.2 Perioperative factors *

5.5.2.1 Revision surgery *

The studies reviewed report almost without exception a higher rate of postoperative

infections following revision than primary knee replacement (Figure 5.3, p. 36). The

effect of prior joint replacements seems to be independent of the patient-related

contributory factors (Berbari et al. 1998). According to one study previous open

joint surgeries other than joint replacements, instead, were not related to increased

infection rate (Berbari et al. 1998). The effect of arthroscopies on the rate of infected

knee replacement was not analyzed in the studies reviewed.

In general, previous arthroplasty to the operated joint probably increases the risk of
infected TKR [B]. Previous open knee surgeries (other than knee replacement) do
not seem to predispose to infected knee replacement [C].

5.5.2.2 Simultaneous bilateral knee replacement *

The acceptability of simultaneous bilateral knee replacement remains controversial

(Ritter and Harty 2004, Oakes and Hanssen 2004). According to a recent meta-

analysis, pulmonary embolism, cardiac complications and death occur more

frequently in simultaneous bilateral than in unilateral TKR (Restrepo et al. 2007).
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Figure 5.4. The risk of infected knee replacement associated with selected

perioperative and provider-related variables. The odds ratios and relative risks

presented are derived from the studies included in the review of the literature. NNIS,

National Nosocomial Infections Surveillance System; *, compared to non-

constrained condylar TKR; †, compared to TKR.
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The rates of infected knee replacement were comparable between unilateral and

simultaneous bilateral operations in the studies reviewed (SooHoo et al. 2006b,

Huotari et al. 2007c, Chesney et al. 2008). In a non-systematic review of the

literature (Oakes and Hanssen 2004) the infection rates following bilateral

arthroplasty were lower or equal to those following unilateral and staged knee

replacements. The low rate of infections may, however, be related to selection bias

with healthier patients selected for bilateral knee replacements.

It is probable that bilateral TKR does not predispose to infected knee replacement
[B].

5.5.2.3 Prosthesis and its fixation

As discussed earlier, the surface area of the foreign material and extent of tissue

trauma correlate with the probability of bacterial adhesion (see section 5.3.4, p. 26).

Moreover, tissue damage and necrotic tissue provide grounds for bacterial growth.

Against this background it is understandable that with an increase in prosthesis

constraint more postoperative infections occur (Johnson and Bannister 1986,

Knutson et al. 1986, Bengtson and Knutson 1991).

Compared to conventional non-constrained total knee prosthesis, stabilized or

constrained prostheses have been reported to carry a 2-to-3-fold risk (Grogan et al.

1986, Knutson et al. 1986). Statistically significant differences, however, have been

demonstrated only in comparisons between hinged and non-constrained prostheses

(Poss et al. 1984, Bengtson and Knutson 1991) (Figure 5.4). Multivariate analysis

was not performed in any of these studies, thus, the possibility that longer operation

time and more demanding patient materials could explain the high infection rate of

hinged prostheses cannot be precluded. In more recent studies prosthesis constraint

has not been found to affect the rate of infected knee replacement (Wymenga et al.

1992, Minnema et al. 2004, Fan et al. 2008).

Generally, not resurfacing the patella in primary TKR subjects patients to higher

risk of undergoing revision surgery (Nizard et al. 2005, Pakos et al. 2005). This is

particularly due to reoperations for the treatment of anterior knee pain. According to

the Swedish knee arthroplasty register data (Robertsson et al. 2001) the status of



46

patella (native or resurfaced) does not affect the risk of undergoing revision for the

treatment of infection.

Even though lower infection rates have been consistently reported for

unicondylar than for total knee prostheses (Bengtson and Knutson 1991, Chesney et

al. 2008) only register-based long-term follow-up studies have demonstrated a

statistically significant difference (Robertsson et al. 2001, Furnes et al. 2007).

Hematogenous infections occur more rarely after UKR compared to TKR (Bengtson

and Knutson 1991).

The studies included in the present review report no difference between cemented

and cementless fixation (Berbari et al. 1998, Wilson et al. 1990, Wymenga et al.

1992). This is consistent with the results of studies where cemented prostheses have

been compared to prostheses with hybrid or cementless fixation (Duffy et al. 1998,

Parker et al. 2001, Khaw et al. 2002, Baker et al. 2007, Beaupré et al. 2007).

Hinged prostheses probably predispose to infected TKR [B]. Constrained and
stabilized prostheses may be associated with higher infection rates than non-
constrained TKA [C]. Fewer infections probably occur in long-term follow-up after
UKR than TKR [B]. Fixation method and implantation of patellar component do not
seem to affect the rate of postoperative infections [C].

5.5.2.4 Other perioperative factors *

Duration of surgery has been associated with infected knee replacement both in

univariate (Peersman et al. 2001, Yang et al. 2001, Minnema et al. 2004) and

adjusted analyses (de Boer et al. 2001, Gastmeier et al. 2005) and it is included in

the NNIS risk index (Emori et al. 1991). However, not all studies support such an

association (Gordon et al. 1990, Wymenga et al. 1992, de Boer et al. 2001, Saleh et

al. 2002b, Asensio et al. 2005, Babkin et al. 2007, Parvizi et al. 2007, Fan et al.

2008). One interpretation for these inconsistent results is that in the majority of

primary operations the duration of operation does not exceed the cut-off point of 2–

2.5 hours, after which the infection rate has been reported to increase significantly

(Peersman et al. 2001).

Blood loss in routine TKR is modest and does not seem alone to predispose to

infection (Minnema et al. 2004, Saleh et al. 2002b, Asensio et al. 2005, Parvizi et al.

2007). Instead, higher rates of infection have been reported when blood transfusions
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are required (Saleh et al. 2002b, Parvizi et al. 2007). This is particularly true for

transfusion of allogenous blood (Berbari et al. 1998, Parvizi et al. 2007).

There is controversy concerning the use of a postoperative drain. Not using one

may cause pain and lead to the formation of a hematoma, and – on the other hand –

the drain serves as an infection gate into the joint. In a systematic review of the

literature, slightly fewer postoperative infections (incl. superficial infections) and

PJI were reported in knees with  closed suction drain compared to knees with no

drain but in neither case was the difference statistically significant (Parker et al.

2007). The risk of correlates with the duration of use of a drain (Berbari et al. 1998,

Saleh et al. 2002b), and so the drain – if used at all – should be removed as early as

possible.

Studies on prophylaxis against thromboembolism after joint replacement surgery

have paid little attention to the occurrence of SSI. This is despite the fact that

antithrombotic agents may predispose to excess bleeding and hematoma formation,

and could therefore also be linked to SSI.

Oral anticoagulants (warfarin) have been associated with SSI in several studies

(Sachs et al. 2003, Minnema et al. 2004, Asensio et al. 2005). International

normalized ratio exceeding 1.5–3.0 predisposes to hematoma formation and

prolonged drainage (Parvizi et al. 2007) and – moreover – infected knee

replacement (Minnema et al. 2004, Parvizi et al. 2007). Prophylactic use of

injectable antithrombotic agents (enoxaparin, deltaparin) was significantly

associated with increased probability of SSI in a case-control study even after

adjustment for various confounding variables (Asensio et al. 2005). Interestingly, in

a larger study anticoagulation (in general) was not associated with infection rates

(Saleh et al. 2002b) but hematomas were. It is possible that the deleterious effect of

anticoagulants is minor in practice unless they cause hematoma formation (Asensio

et al. 2005).

Prolonged surgery, lasting for over 2–2.5 hours may be associated with higher risk
of infected TKR [C]. Allogenous blood transfusions may carry an increased risk of
infection [C]. Prolonged use of a postoperative drain may predispose to infected
knee replacement [C]. Anticoagulation is probably associated with a higher risk of
infected TKR [B] – at least when anticoagulation leads to the formation of
hematomas [C].
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5.5.2.5 Wound infection and wound healing problems *

Wound-healing problems (Bengtson and Knutson 1991, Wymenga et al. 1992) and

superficial SSI have been cited with very high ORs for infected knee replacement

(Wymenga et al. 1992, Berbari et al. 1998, Saleh et al. 2002b) (Figure 5.4, p. 44).

Observational studies, instead, have reported mixed results: In a series of 78

microbiologically confirmed superficial wound infections 10% progressed to PJI

within 6 months (Abudu et al. 2002) whereas in a larger study Gaine and co-workers

(2000) did not find convincing evidence to support a relationship between

superficial SSI and PJI.

Earlier studies have used varying methodologies and definitions for wound

infection, and adequate adjustment for confounding variables was performed only in

two (Berbari et al. 1998, Saleh et al. 2002b). It is unclear whether the reported

association between superficial SSI and PJI is due to 1) a causal relationship

(superficial SSI progresses to PJI) or 2) common risk factors (a vulnerable patient

may separately have both superficial SSI and PJI).

Besides superficial infection prolonged wound drainage (Berbari et al. 1998,

Saleh et al. 2002b, Parvizi et al. 2007), hematoma (Wymenga et al. 1992, Berbari et

al. 1998, Saleh et al. 2002b, Asensio et al. 2005, Parvizi et al. 2007), wound

dehiscence (Berbari et al. 1998, Wymenga et al. 1992) and necrosis (Wymenga et al.

1992) have been associated with PJI, but the results are not fully consistent

(Wymenga et al. 1992, Saleh et al. 2002b, Babkin et al. 2007). The significance of

wound drainage especially is unclear (Abudu et al. 2002, Patel et al. 2007).

Morbidly obese patients, in particular, are a risk group for infected knee

replacement following wound-related complications (Gordon et al. 1990, Winiarsky

et al. 1998).

Careful closure of the wound in the index procedure is essential in prevention of

wound-healing complications (Mihalko et al. 2008). In selected cases of wound

dehiscence or necrosis, surgical revision of the wound may be necessary to prevent

bacterial contamination of the prosthetized joint. There are, however, no studies

available investigating the effectiveness of different treatment approaches or the

factors associated with PJI following wound-related complications.
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Superficial wound infections and hematomas are probably associated with an
increased rate of infected TKR [B]. Other wound-healing problems (including
prolonged drainage, wound dehiscence and necrosis) may predispose to infected
knee replacement [C].

5.5.3 Provider-related factors *

There is extensive literature relating higher case volume to improved outcomes –

that is, in most studies, lower mortality – of various surgical procedures and medical

conditions (Halm et al. 2002). The effect of surgeon and hospital operation volume

on the field of orthopedics is not so clear (Shervin et al. 2007).

At hospital level, the rate of early postoperative infections has been studied as an

indicator of performance mostly using administrative register data (Hervey et al.

2003, Kreder et al. 2003, Katz et al. 2004, SooHoo et al. 2006b). An association

between hospital operating volume and infection rate could be demonstrated only in

the largest study (SooHoo et al. 2006b), where the hospitals belonging to the lowest

40% by their operation volume (averaging 13 operations per year) had a 1.6-fold

infection rate at 90 days and at 1 year postoperatively compared to the highest

ranking 20% of hospitals (average annual volume 145 operations). The effect of

hospital volume was equal or lower in magnitude than the effect of certain patient-

related risk factors, including age and Charlson comorbidity index (SooHoo et al.

2006a).

As regards surgeon experience (or volume), there are two studies showing that

the surgeons with the lowest yearly volumes (less than 5–15 knee replacements)

have more infections than the surgeons with the highest operation volume (more

than 12–50 knee replacements) (Katz et al. 2004, Muilwijk et al. 2007). A similar

result was reported by Hervey and associates (2003) but the difference did not reach

statistical significance. Contradicting these results, in the Canadian study by Kreder

and co-workers (2003) surgeon volume did not affect the rate of infected TKR at 1

or 3 years postoperatively. It is noteworthy that there are at present no studies in

which the combined effect of hospital and surgeon volumes (e.g. high-volume

surgeon in a high-volume hospital) was analyzed.

Staff surgeons’ (Berbari et al. 1998) and trainees’ (Phillips et al. 2006) infection

rates have been considered comparable to overall infection rates. Cram and
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associates (2007) reported postoperative wound infection rates of 0.6% and 1.0% in

38 specialty orthopedic hospitals and 517 general hospitals (p<0.001) respectively.

Comparison of patient demographic variables showed that patients treated in

specialty hospitals were healthier than their counterparts, which probably explains

the difference.

Prosthetic joint infections may occur more frequently after knee replacements
performed by surgeons with the lowest operating volumes (less than 5–15 knee
replacements yearly) compared to operations by the surgeons with the highest
volume [C]. Hospital operating volume does not seem to significantly affect the
postoperative infection rate [C]. Surgeon’s experience (staff surgeon, trainee) does
not seem to correlate with the risk of infection [C].

5.5.4 Preventive measures

The experimental evidence concerning the effect of foreign material on the

pathogenesis of bacterial infection (see section 5.3.4, p. 26) and the dramatic

consequences of infected joint replacement (see section 5.6, p. 53) give reason to

emphasize the importance of asepsis for joint replacement surgery. The very early

experiments with knee replacement surgery in the late 19th century failed due to

sepsis shortly after operation (Eynon-Lewis et al. 1992). Later, the introduction of

aseptic surgical techniques in the 1960s was crucial for the triumph of joint

replacement surgery.

The routine preventive measures that are common for any types of surgery are

thoroughly listed and described in the CDC 1999 Guideline for prevention of

surgical site infection (Mangram et al. 1999). These measures include preoperative

preparation of the skin in the operating room using antiseptic agents, preoperative

wash and sterilization of surgical team members’ hands and forearms, use of

surgical scrub suits, caps or hoods and masks, sterile gloves and gowns (all worn by

the operating team members) and surgical drapes placed over the patient. Clothing

and masks act as a measure against infection but also protect the staff from

exposures to blood and other fluid or dust. Double gloving reduces the probability

of direct contact between staff and patient tissue. The preventive measures listed

above are also appropriate in joint replacement surgery, and for many these
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practices represent a part of the daily routine praxis and form the basis for infection

prevention.

5.5.4.1 Operating room ventilation

In addition to direct contact from the surgical staff or instrumentation, air in the

operation room serves as a source of bacterial contamination. The bacteria may

originate from the surfaces of the operating room equipment, from outside the

operating room or may be shed by the staff.

According to the CDC guidelines, operating rooms should be at positive pressure

compared to adjacent areas to minimize the probability of contamination from

outside the surgical field. For the same reason, the number of personnel in the room

and traffic should be minimized (Mangram et al. 1999). High efficiency particulate

air filters dramatically reduce the numbers of potentially infectious particles in the

air but have no effect on the probability of contamination originating in the

operating room. Laminar airflow, instead, can be used to sweep potentially

hazardous particles away from the operating field.

The effect of operating room ventilation on the postoperative infection rates was

analyzed in a series of studies performed in the late 1970s. In a frequently cited

multicenter study of 8,052 hip and knee replacements (summarized in Lidwell et al.

1987) the rate of PJI was 2.6 times less with a laminar airflow of ultra-clean air over

the operating field than in conventionally ventilated operating rooms. In another

study, horizontal airflow, however, was associated with increased probability of

infected TKR (Salvati et al. 1982). Currently, vertical laminar flow is a standard in

modern orthopedic operating rooms.

Now that systemic antibiotic prophylaxis (see section 5.5.4.2 below) is being

used routinely in elective TKR the rationale for laminar airflow systems and body

exhaust suits has been questioned (Miner et al. 2007). In the early study by Lidwell

and co-workers (1987) the lowest rate of infections (0.2%) was seen in when the

three techniques were combined. This result has, however, been criticized as the use

of antibiotic prophylaxis was not allocated randomly in the different groups under

comparison. Moreover, the indications and patient materials were different from

those in current practice. In a recent survey of 8,288 knee replacements performed
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in 295 US hospitals neither laminar airflow nor body exhaust suits had any effect on

the early infection rate (Miner et al. 2007). Unfortunately, methodological

limitations precluded the analysis of possible confounding variables, and the relative

importance of different prophylactic measures in modern surgical practice remains

unknown.

5.5.4.2 Systemic antibiotic prophylaxis

The purpose of antibiotic prophylaxis is to help host defense mechanisms to control

the burden of perioperative contamination of the surgical wound (Mangram et al.

1999). As it is targeted both against airborne contamination and contamination by

direct contact, antibiotic prophylaxis supplements other preventive measures.

Following the clinical experience in hip replacement surgery the practice of using

systemic antibiotic prophylaxis has been adopted in knee surgery although its

effectiveness has not been established in this field of surgery.

Cephalosporins are currently the most commonly used prophylactic agents in

orthopedic surgery (Mangram et al. 1999, National Agency for Medicines 2008).

Their advantages are good efficacy against staphylococcal species and

uropathogens, low cost and modest allergenicity. One preoperative dose (1,500 mg)

of cefuroxime seems sufficient (Wymenga et al. 1992) unless there are special

reasons, such as breakage of sterility or excess bleeding, to continue antibiotic

prophylaxis longer.

The ideal timeframe for administering prophylactic antibiotic is within 60

minutes prior to incision (Mangram et al. 1999) – or at the latest before applying the

tourniquet. In prolonged surgeries, such as bilateral knee replacements (Huotari et

al. 2007c), additional doses may be required to maintain sufficient antimicrobial

concentrations in the operation field (Mangram et al. 1999).

5.5.4.3 Antibiotic-impregnated cement

Bone cement used for prosthesis fixation provides an alternative or additional way

to administer prophylactic antibiotics. While some authors question the rationale

behind routine use of antibiotic-impregnated cement (van de Belt et al. 2001,
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Hanssen 2004), others think that antibiotic-impregnated cement has been one of the

main contributors for the decline in the PJI rates (Bourne 2004). Currently,

antibiotic-impregnated cement is used commonly even in non-complicated primary

cases especially in the Nordic countries (Engesæter et al. 2006, National Agency for

Medicines 2008).

The evidence to support the use of antibiotic-impregnated cement as a measure

against PJI comes largely from hip replacement surgery (Josefsson and Kolmert

1993, Espehaug et al. 1997, Engesæter et al. 2003). In knee arthroplasty, Chiu and

associates (2001, 2002) demonstrated the efficacy of cefuroxime-impregnated

cement in patients with diabetes and in general population undergoing TKR. No

infected knee replacement occurred in the group receiving antibiotic-impregnated

cement group whereas in the comparison groups receiving systemic antibiotic

prophylaxis only the PJI rates were 13.5% (diabetic patients) and 3.1% (general

population). A similar result was achieved in a French cohort study based on

infection surveillance data (deep wound infection rates 1.52% and 9.52% in cases

with and without gentamycin-impregnated cement) (Eveillard et al. 2003).

It is of note that the studies by Chiu and co-workers (2001, 2002) were performed

in the absence of laminar airflow and ultra-clean air measures. Nevertheless,

antibiotic-impregnated cement appears effective in the prevention of infected TKR.

At present, there is, however, insufficient data to compare different ways of

antibiotic administration with other preventive measures – or with combinations of

several techniques – and to define specific indications for different prophylactic

measures.

5.6 Management of infected knee replacement

The alternative ways for managing infected knee replacement include antibiotic

suppression, irrigation or debridement with retention of components, exchange of

the infected prosthesis in one or two stages, disarticulation, arthrodesis and

amputation (Zimmerli et al. 2004, Leone and Hanssen 2006). Because there are no

means to destroy the bacterial biofilm once one has formed, removal of the infected

prosthesis and all foreign material is usually necessary to manage an infected knee

replacement (Figure 5.5).
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Two-stage exchange of the infected prosthesis with prolonged antibiotic

treatment between the two stages is considered the gold standard in the management

of prosthesis-related infections (Zimmerli et al. 2004, Leone and Hanssen 2006,

Jämsen et al. 2008). It is the treatment of choice, especially in the presence of any

factors risking the outcome of treatment and in otherwise complicated cases (Figure

5.5). The reported success rates vary between 82% and 100% (Zimmerli et al. 2004,

Jämsen et al. 2008). Spacers can be used to maintain the joint space, prevent

scarring of soft tissues and improve mobility during the interim period between the

two stages. According to a systematic literature review, spacers may improve

clinical outcome and do not seem to adversely affect infection eradication (Jämsen

et al. 2008).

Two-stage revision has largely replaced pseudo articulation, arthrodesis and

amputation, which were earlier frequent outcomes of infected knee arthroplasty

(Grogan et al. 1986, Johnson and Bannister 1986). Currently, a pain-free and

functional knee is achieved in most cases. Several studies, however, report poorer

postoperative clinical knee scores after revision TKR for the treatment of infection

than after aseptic revision TKR (Barrack et al. 2000, Saleh et al. 2002a, Wang et al.

2004, Deehan et al. 2006). More recently, Ghanem and associates (2007) reported

comparable knee function after two-stage revision for infection and aseptic revision

TKR, questioning the view that infected knee replacement leads to compromised

clinical outcome. It is plausible that prolonged immobilization in two-stage

revisions, need for repeat reoperations and use of constrained and hinged prostheses

– but also comorbidity and poor preoperative status – impair clinical outcome, but at

present the effect of these factors is mostly unknown. Prosthesis survival is similar

following revision knee replacements performed for aseptic reasons and infection,

and almost comparable to the survival of primary knee prostheses (Sheng et al.

2006).

As a result of the complex and prolonged treatment protocol, revision knee

replacements performed for the treatment of infection are associated with 3–7 times

higher cost than revisions performed for aseptic failure (Sculco 1995, Hebert et al.

1996). In a recent Finnish study, the average direct cost related to the required

surgical procedures and hospitalization in the treatment of superficial SSI (n = 13)

or PJI (n = 20) after primary knee replacement was 13,342 euros (range 1,760–

54,499 euros) (Taskinen et al. 2005).
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Figure 5.5. An algorithm for the management of infected knee replacement. The

algorithm has been modified from Zimmerli et al. (2004) to account for less

experience of and more limited indications for debridement and one-stage revision

in the management of infected knee replacement (Silva et al. 2002, Jämsen et al.

2008), compared to infected hip replacement. Broken lines indicate treatment

approaches that can be considered in selected cases but the effectiveness and correct

indications of which in the management of infected knee replacement have not been

fully determined yet.
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The high cost and compromised clinical outcome of two-stage exchange

revisions have raised interest in less invasive treatment methods. Compared to hip

arthroplasty, there is less experience with one-stage revision of infected knee

replacement (Silva et al. 2002, Jämsen et al. 2008). Despite promising long-term

results (Buechel et al. 2004) the indications for one-stage revisions are not yet clear

(Jämsen et al. 2008). When performed within 3 weeks of the onset of symptoms,

debridement with retention of components may be successful in well selected early

acute infections (Figure 5.5), but in most cases is associated with a high infection

recurrence rate (Silva et al. 2002, Deirmengian et al. 2003, Zimmerli et al. 2004).
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6. Aims of the study

The aims of the present study were:

1) to estimate the rate of infected knee replacement in a specialized hospital for

joint replacement and on a nationwide scale

2) to define patient-related risk-factors for infected knee replacement

3) to define provider-related risk-factors for infected knee replacement

4) to analyze the applicability of preoperative laboratory markers as predictors

of infected knee replacement.
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7. Materials and methods

7.1 Data sources

The present study is based on two separate datasets. One dataset was compiled from

nationwide Finnish register data, while the other includes materials from a

specialized hospital for joint replacement (Coxa, Hospital for Joint Replacement,

Tampere, Finland). These two datasets are later referred to as the national register

series and the single center series respectively.

Both national register and single center series were created by combining data

from several different sources. All the material was initially collected in electronic

form (except for the records of the local infection register). Data from different

sources were then combined using the unique personal identification numbers (see

Gissler and Haukka 2004), date of operation and – when possible – the side of

operated knee as match keys.

In the single center series, patient records were manually reviewed when

contradicting or missing data was found in the electronic databases. Additionally,

certain variables concerning the patients with infection in the single center series

were collected from patient records using a custom case-record form and were then

typed into electronic form.

7.1.1 The Finnish Arthroplasty Register

The Finnish Orthopaedic Association founded the Finnish Arthroplasty Register in

1980 (Paavolainen et al. 1991). Its purpose is to enable analyses of implant survival

so that inferior prostheses and techniques can be detected, and to provide

epidemiological data for health policy makers’ use (Puolakka et al. 2001, Rantanen

et al. 2006).

In 1987 the responsibility for managing the register was transferred to the

National Agency for Medicines, and currently the register is under the Ministry for
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Social Affairs and Health. Since 1997 orthopedic surgeons have been obliged to

make reports to the register on joint replacement operations (Puolakka et al. 2001).

Data on deaths and emigrated patients is routinely collected from the population

register center data.

The unit of each register entry is a joint, and consequently, bilateral arthroplasty

results in two entries in the register. Besides personal identification number and

definition of the operated joint (hip, knee, other; laterality) the variables registered

are the date of the operation, identification number of the operating hospital,

indication for the operation, type and brand of the implanted femoral, tibial and

patellar components (but not that of polyethylene tibial insert), fixation method of

each component and use of bone grafts and prophylactic antimicrobial medication

(see Puolakka et al. (2001) for the registration form).

For revision procedures, one predominant reason for revision is registered. Early

postoperative complications can be reported on the regular notification form, and

there is a separate form for reporting long-term complications. Revision surgeries

and preceding operations are directly linked to each other.

The Finnish Arthroplasty Register has provided data for a number of studies on

both hip and knee arthroplasty, and it gives feedback to the Finnish Orthopedic

Society in its bi-annual yearbook on orthopedic endoprostheses (Rantanen et al.

2006, National Agency for Medicines 2008). In the mid-1990s, the coverage of the

register was estimated by comparing its data to the records of the Finnish Hospital

Discharge Register (see below). The Finnish Arthroplasty Register was found to

detect approximately 95% of joint replacement operations performed yearly

(Puolakka et al. 2001). So far, it has not been scientifically validated.

7.1.2 National Hospital Discharge Register

The Finnish national Hospital Discharge Register (of health care institutions) (later

referred to as the Hospital Discharge Register), currently administered by the

National Research and Development Centre for Welfare and Health (STAKES), was

established in 1967 and is widely used in health research (Gissler and Haukka

2004). Its data are compiled from mandatory reports from health care institutions on

discharges from hospitals. For each hospitalization requiring overnight stay
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demographic data, identification number of the health care institution, dates of

admission and discharge, primary and up to three subsidiary diagnoses and the

codes of surgical procedures are registered among certain other patient

administration -related variables.

It is estimated that the Hospital Discharge Register covers approximately 95% of

all discharges. Its validity has been studied e.g. in the fields of cardiovascular

disease, psychiatry and reproductive health and is considered good in general

(Gissler and Haukka 2004). The validity of data on orthopedic diagnoses and

procedures has not been assessed.

7.1.3 Hospital database “Tekoset”

The “Tekoset” database is a computerized registration system designed specifically

to collect operative and outcomes data on endoprosthesis surgery (Lehto et al.

1999). The registration system covers the whole course of treatment, including

preoperative, operative and follow-up data. Data is typed into the registration system

in a prospective manner. Operative details are saved in the operating room by the

assisting nurse and the operating surgeon approves the data entry.

The recorded operation-related variables include identification number of the

operating surgeon, surgical approach and type, brand, size and fixation of each

component, use of bone substitutes, list of additional procedures (osteotomies, soft

tissue releases etc.), amount of blood loss, number of wound drains, wound closure

method and the type of antimicrobial and antithrombotic treatment given

perioperatively. Early postoperative complications are also recorded. Preoperative

and follow-up information include measurement of joint function using the Knee

Society ranking system (Insall et al. 1989) and analysis of radiographs according to

a predefined scheme. All information recorded in the database can be exported to

statistical software packages.

The validity of “Tekoset” data has not been evaluated. In this study, few

discrepancies between Tekoset data and local hospital administration register entries

were observed (data not shown), and all of them could be manually resolved.
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7.1.4 Hospital infection register

The Coxa hospital collaborates with the local hospital infection register of Tampere

University Hospital to perform infection surveillance. In addition, it belongs to the

Finnish Hospital Infection Surveillance Program SIRO (Huotari et al. 2007a).

The local infection register is run by a team of trained nurses and is lead by a

specialist in infectious diseases. Infection surveillance is prospective and active, and

is based on NNIS methodology (Emori et al. 1991, Huotari et al. 2007a). Infections

are classified according to the CDC criteria (Horan et al. 1992).

To identify SSI occurring after discharge patients are given questionnaires

concerning problems related to wound healing upon discharge from the operating

hospital. They are asked to return the questionnaires after a month even if they had

not experienced any wound-related complications. In case of any problems related

to the wound, the questionnaire is usually returned to the infection register by a

doctor or a nurse who has clinically evaluated the patient. Over the study period the

annual response rate in postdischarge surveillance varied between 71% and 83%.

7.2 Materials

The data used in each study, inclusion criteria, and the number of included cases are

presented in Table 7.1. The materials of Studies I and IV consist solely of primary

knee replacements, while revision total knee replacements were included in Studies

II and III, and partial revision knee replacements (isolated patellar resurfacing, tibial

insert exchange or exchange of either femoral or tibial component) in study III. To

achieve more homogenous materials and to thereby control for possible

confounding variables, patients with diagnoses other than osteoarthritis and all

unicondylar knee replacements were excluded in Study IV.

7.2.1 Patients and treatment

The patients in both the single center series and national register series represent an

unselected consecutive series of patients undergoing knee replacement.  Majority of



Table 7.1. Materials and definition for infected knee replacement in Studies I–IV.

Study Materials Included operations n
(knees)

Length of
follow-up

Definition for infected
knee replacement

I SCS 2.9.2002–31.3.2006 all primary knee
replacements

3,137 1 year modified CDC/NNIS

II NRS 1.1.1997–31.12.2003 primary unicondylar and
total knee replacement,
revision TKR

38,676 1 year reoperation due to
infection

III NRS 1.1.1997–31.12.2003 primary unicondylar knee
replacement and TKR,
partial and total revision
knee replacement

43,149 3 years (average,
range 0.5–8.6)

reoperation due to
infection

IV SCS 2.9.2002–31.3.2006 primary TKR, only patients
with osteoarthritis

1,874 1 year modified CDC/NNIS

SCS, single center series; NRS, national register series; CDC, Centers for Disease Control and Prevention; NNIS, National
Nosocomial Infections Surveillance; TKR, total knee replacement
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patients were female and had osteoarthritis as the indication for the knee

replacement.

In the single center series, there were more unicondylar knee replacements and

single-stage bilateral knee replacements (Table 7.2). In addition, more patients

arrived on the day of operation and the postoperative hospital stay was shorter

compared to the nationwide figures in the national register series. The differences in

patient materials between the two series are partially related to the inclusion of more

recent cases in the single center series (see section 8.2, page 69).

Table 7.2. Demographics and perioperative data of primary knee replacements.
Data from Studies I (data collected in 2002–2006) and II (1997–2003).

Patient demographics and
perioperative data

Single center series
(n=3,137)

National register series
(n=36,638)

% or median (range) % or median (range)
Age, years 70 (35–97) 71 (14–96)
Female 70.4 72.4
BMI, kg/m2 29.9 (16.7–49.5) N/A
ASA risk score N/A
 ASA 1 4.6
 ASA 2 50.5
 ASA 3 43.4
 ASA 4 1.4
Diagnosis
 Osteoarthritis 91.7 90.5
 Rheumatoid arthritis 4.5 7.7
 Other arthritis 0.6 1.0
 Other 3.2 0.8
Bilateral knee replacement 18.5 7.8
Type of implanted prosthesis
 Unicondylar knee replacement 9.4 3.3
 Cruciate-retaining or posterior

stabilized TKR
85.0 86.7

 Constrained TKR 4.5 9.2
 Hinge 0.9 0.8
Patellar resurfacing 33.1 30.8
Fixation method
 Cemented 93.2 92.2
 Hybrid 6.8 5.4
 Cementless 0 2.5
Antibiotic cement 99.8 82.1
Intravenous antibiotic prophylaxis 98.0 98.4
Arrived on day of operation 94.0 10.9
Arrived from home N/A 93.0
Length of hospital stay, days 3 (1–22) 8 (1–106)
Discharged home 36.3* 68.4
BMI, body mass index, kg/m2; ASA, American Society of Anesthesiologists risk score; TKR,
total knee replacement; N/A, not available; *, in operations performed in 2003, according to
Remes et al. (2007).
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7.2.2 The Coxa hospital

The Coxa hospital is a publicly-funded tertiary care center situated in the vicinity of

Tampere University Hospital. Joint replacement surgery, previously performed in

the university hospital and three regional hospitals was centralized to the hospital

for joint replacement when it started operations in September 2002. All publicly

funded joint replacement surgery within the hospital district is currently performed

in this hospital.

The majority of patients are from the local hospital district area of 470,000

inhabitants. Few complicated cases are referred for treatment from the special

referral area of Tampere University Hospital (population 1,200,000 inhabitants).

The Coxa hospital is the referral centre for patients with joint prosthesis-related

complications for the whole of Finland (population 5,300,000 inhabitants).

Orthopedic surgeons perform only joint replacement operations. Residents in

orthopedics at an advanced stage of their training assist and perform some of the

operations. In the single center series senior joint replacement surgeons – the

majority of whom operated yearly on more than 90 primary knees – performed over

80% of all operations (Study I). The operating environment and treatment protocols

have been optimized to maintain efficacy and simultaneously to minimize the

postoperative complication rate (Study I).

7.3 Definition of outcome

The primary outcome is the occurrence of infected knee replacement. The definition

for infected knee replacement varies across the studies (Table 7.1, p. 62). In Studies

I and IV, infected knee replacement is defined according to modified CDC criteria,

where categories of superficial and deep incisional infections were pooled together.

Accordingly, superficial and deep incisional infections are referred to as superficial

infections. Infections involving the prosthetic cavity are considered prosthetic joint

infections (CDC category organ/space infections) (see Figure 5.2, p. 25). A similar

classification has earlier been used by Phillips and associates (2006). Following the

CDC definitions (Horan et al. 1992) the patients were followed up for 1 year.
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In the single center series, the records of the local hospital infection register were

cross-referenced with the Tekoset database and hospital patient administration

database to identify reoperations due to infection. All cases with a suspected

postoperative infection (incl. superficial infections) identified in any of the three

data sources were verified manually against patient records.

In Studies II and III infected knee replacement is defined as any surgical

intervention performed due to infection following knee replacement. Data on these

reoperations was collected from the Finnish Arthroplasty Register and the Hospital

Discharge Register (see Study II for a detailed description).

Revision surgeries and their indications can be easily collected from the Finnish

Arthroplasty Register as revision surgeries are linked directly to the preceding

operation. From the Hospital Discharge Register data was collected using a search

for hospitalizations during which one or more of the following procedures were

performed: debridement, resection arthroplasty, revision knee arthroplasty,

arthrodesis and amputation (collectively referred to as reoperations). These

procedures were identified from their surgical procedure codes (Appendix 3)

defined according to the Nordic Medico-Statistical Committee classification of

surgical procedures (Nordic Medico-Statistical Committee 2008). It was considered

that the procedures associated with an ICD-10 diagnosis code for prosthesis-related

infection (T81.4, T84.5 and A-series codes for sepsis) were performed for the

treatment of infection.

7.4 Statistical methods

In comparisons between groups, independent samples non-parametric tests (Mann-

Whitney U test, Kruskal-Wallis test) were used for continuous variables and chi-

square test or Fisher’s exact test for categorical variables. Confidence intervals of

the rates of infected knee replacement were calculated using Wilson’s method. Time

trends in Study II were analyzed using binary logistic regression or two-way

analysis of variance. In all analyses, the null hypothesis was that there is no

difference between the groups under comparison. A probability value p<0.05 was

required to rule out the null hypothesis.
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The primary outcome and endpoint event in the survival and regression analyses

was occurrence of infected knee replacement. For other patients the follow-up was

considered to have ended at death, aseptic revision surgery or on the closure date of

the study. The rate of infected knee replacement was calculated by dividing the

number of infected knee replacements by the total number of operated knees (or

operations). The minimum follow-up was 6 months in Studies I and III and 12

months in Studies II and IV.

Prosthesis survival (Studies II and III) was calculated using Kaplan-Meier

survival analysis. For the analysis of risk factors, binary logistic regression analysis

was used in Study I, which focused on the 1-year infection rate. In other studies

(Studies III and IV) regression analyses were performed using Cox regression

analysis, which accounts for the variability in individual patients’ follow-up times.

Regression analyses were first performed in univariate manner, and then again

with adjustment for age, gender and diagnosis as advocated by Robertsson and co-

workers (2001). In Study III the type (constraint) of the implanted prosthesis was

used in the adjusted analyses as a proxy for the severity of joint destruction. Age did

not affect the infection rate in the univariate analysis in Study I and so it was

excluded from the adjusted analyses to reduce the number of variables in the

regression model. In Study IV all patients had osteoarthritis, and therefore diagnosis

was not used for adjustment.

All analyses were performed using SPSS for Windows statistical software

package (version 14.0). Except for the Study IV and a part of the Study I the

statistical unit in the analyses was a knee.

7.4.1 Volume-outcome analyses

The materials of this study were used to analyze the effect of surgeon and hospital

operation volume and surgeon’s experience on the postoperative infection rate.

These results are reported only in this thesis.

The surgeon-level analyses were performed in the single center series. Surgeons

were classified according to two different schemes. At first, three groups were

created using surgeon’s experience as the selection criterion: residents, fellows

(orthopedic surgeons specializing in arthroplasty) and seniors. Second, surgeons
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were divided into three groups by their yearly operating volume. Calculation was

made by dividing the number of operated joints by the length of working period in

days and then multiplying the result by 365. Then, three groups were created using

the first and third quartiles as cut-off points (<67, 67–96 and >96 primary knees per

year). Volume was calculated only for the surgeons who had worked in the hospital

for at least six months.

In the analyses of hospital operation volume, the hospitals were categorized into

three groups according to their average operating volumes in 1997–2003. The

average volumes were calculated by dividing the total number of operations by the

number of years during which primary knee replacements were performed in each

hospital (range, 1–8 years). The three groups were formed using 40th and 80th

percentiles (49 and 107 primary knee replacements per year, respectively) of the

average yearly operation volume as cut-off points. These cut-off points were used to

make the groups approximately equal in size. The same technique has been used in

earlier studies (Kreder et al. 2003, SooHoo et al. 2006b).

7.5 Ethical and legal aspects

All studies were performed retrospectively – yet using prospectively collected data.

No patient was contacted in any way in any of the studies. Therefore, the present

study caused no burden for the patients involved. Statistical analyses were

performed using anonymized data, and all results are reported so that individual

patients cannot be identified.

The local ethical committee did not assess the present study because of its

retrospective nature. The Finnish and EU legislations allow the use of register-based

materials for retrospective medical studies without the informed consent of patients

concerned. The authorities responsible for the patient materials approved the use of

patient-level data for the purposes of this study. The Ministry of Social Affairs and

Health granted permission to collect and combine the data from the Hospital

Discharge Register and the Finnish Arthroplasty Register. The research plan of the

register-based studies (Studies II and III) was reviewed and approved by the Office

of the Data Protection Ombudsman. In general, the use of health register data in

medical research is considered ethically acceptable.
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8. Summary of the results

8.1 The rate of infected knee replacement

8.1.1 Single center series (Study I)

During the first postoperative year 24 deep infections were detected after the 2,647

operations (0.91%, 95% CI 0.61–1.35) involving 3,137 knees (0.77%, 0.51–1.14).

Except for two (8.3%), the infections were microbiologically confirmed.

Staphylococcus aureus and CNS were the most frequently cultured pathogens (42%

and 27% of infections, respectively).

Six of the 24 infected knee replacements (25%) were not registered as such in the

local infection register. Three cases were registered as superficial infections and the

remaining three were totally missing. The hospital administration database revealed

21 and hospital database “Tekoset” 18 infections.

8.1.2 National register series (Study II)

By combining the records of the Finnish Arthroplasty Register and the Hospital

Discharge Register, 344 reoperations performed due to infection were traced. The

rates of infected knee replacement were 0.41% (95% CI 0.18–0.96) following UKR,

0.76% (0.68–0.86) following primary TKR and 3.39% (2.68–4.26) following

revision TKR. The respective 1-year infection rates were 0.33%, 0.52% and 1.91%.

The overall infection rate after partial exchange arthroplasty was close to that of

revision TKR (2.4% and 3.2% respectively, p=0.228) (Study III). Approximately

one third of the infections after primary or revision TKR occurred during the first

three postoperative months and two thirds by one year.

The endpoint data compiled from the two registers resulted in the highest number

of reoperations performed due to infection (n=344, 0.89%, 95% CI 0.80–0.99). The

overall infection rate, however, did not statistically significantly differ from that
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Table 8.1. Annual operation numbers, burden of revision knee replacements
performed for the treatment of infection and the 1-year infection rates in 1997–
2003. Data from Study II.

Year Primary knee
replacements

Revision TKRs Revision TKRs
due to infection

1-year
infection
rate*

n n n % of  all
revisions

% of all knee
replacements

%

1997 4,260 254 29 11.4 0.64 0.51
1998 4,224 271 45 16.6 1.00 0.47
1999 4,438 278 53 19.1 1.12 0.68
2000 4,910 277 39 14.1 0.75 0.56
2001 5,310 271 37 13.7 0.66 0.54
2002 6,287 344 57 16.6 0.86 0.74
2003 7,209 343 67 19.5 0.89 0.57

TKRs, total knee replacements; *, the figures represent the overall infection rate
calculated for all types of operations

achieved with endpoint data only from the Finnish Arthroplasty Register (0.77%,

0.69–0.86) or the Hospital Discharge Register (0.76%, 0.68–0.85). The effect of

case selection criteria and definition for infection in the register-based series is

described as an appendix in Study II.

8.2 Temporal trends

During the observation period, the proportion of patients with osteoarthritis

increased (from 88.7% to 92.5%, p<0.001) with a concurrent decrease in the

proportion of patients with rheumatoid arthritis. There was also an increase in the

proportions of single-stage bilateral operations (5.2% to 8.2%, p<0.001) and

unicondylar knee replacements (0.9% to 5.4%, p<0.001). Patients arrived at the

operating hospital on the day of the operation more frequently in 2003 than they did

in 1997 (19.8% vs. 2.4%, p<0.001). The median hospital stay shortened from 10

days in 1997 to 7 days in 2003 (p<0.001), but the number of patients not discharged

home increased (Study II).

The 1-year infection rate did not significantly differ between the observation

years in either series (Studies I and III, Table 8.1). The yearly number of

reoperations performed due to infection increased from 29 in 1997 to 67 in 2003.
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Respectively, there was an increase – yet not statistically insignificant – in the

proportion of infections of all reasons for revision knee replacement (from 11.4% to

19.5%, p=0.089) (Study II). The percentage of revision knee replacements for the

treatment of infection of the overall annual number of operations did not show such

trend, indicating that the increase in the number of reoperations due to infection has

approximately paralleled the increase in the annual operation numbers (Table 8.1).

8.3 Factors associated with infected primary knee
replacement

8.3.1 Univariate analyses (Studies I and IV)

The 1-year infection rates for several patient subgroups in the single center series

are presented in Table 8.2. The lowest prosthetic joint infection rates are seen in

ASA class 1–2 (0.33%), in female patients (0.55%), in patients of normal weight

(0.47%) and in patients undergoing UKR (0.34%). By contrast, infection rates

exceeding 2% (2.5 times the overall infection rate) were observed in morbidly obese

patients (3.88%), in patients belonging to the ASA 4 risk group (5.13%) and with

rheumatoid arthritis (2.26%), or receiving hinged or custom-made knee prostheses

(3.45%) or requiring bone grafting with autogenous bone (2.44%, allogenous bone

was used only in three knees).

The patients with normal body weight had the lowest rate of infections (0.47%).

In obese patients the infections were in particular associated with morbid obesity

(Table 8.2). In overweight and obese patients the risk of infected knee replacement

seemed to be associated with increase in preoperative glucose (see Figure 1 in Study

IV): the incidence of infected knee replacement exceeded 5% in obese patients with

preoperative glucose 7.0 mmol/l. However, there was not enough power for

statistical comparisons.

In univariate analysis sex, ASA risk score, preoperative glucose and glycosylated

hemoglobin and NNIS risk score demonstrated a statistically significant association

with the 1-year infection rates (Table 8.2). Body mass index came close to statistical

significance and reached statistical significance when considered as a continuous

variable (HR 1.48 for increase in 5 kg/m2, 95% CI 1.02–2.15).
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Table 8.2. 1-year rates of infected knee replacement in selected patient subgroups
in the single center series.

Patient characteristics Knees
in total

The rate of infected
knee replacement

p

n % RR (95% CI)

Age <60 years 536 0.75 1 0.963
60–70 years 874 0.80 1.07 (0.32–3.65)
70–80 years 1,322 0.76 1.01 (0.32–3.22)
>80 years 405 0.74 0.99 (0.22–4.41)

Sex Female 2,188 0.55 1 0.044
Male 949 1.26 2.31 (1.04–5.11)

Body mass index <25 kg/m2 429 0.47 1 0.055
25–30 kg/m2 1,181 0.68 1.46 (0.31–6.83)
30–35 kg/m2 873 0.80 1.72 (0.36–8.25)
35–40 kg/m2 328 0.61 1.31 (0.19–9.26)
>40 kg/m2 103 3.88 8.33 (1.55–44.86)

ASA risk score 1 154 0 0.002
2 1,653 0.36 1

3 1,284 1.25 3.75 (1.47–9.56)
4 39 5.13 15.44 (3.22–74.1)
Primary osteoarthritis 2,821 0.67 1 0.109Indication for

knee replacement Secondary
osteoarthritis

75 1.33 1.95 (0.26–14.4)

Rheumatoid arthritis 133 2.26 3.35 (1.00–11.18)
Sequels of fracture 55 1.82 2.65 (0.36–19.46)
Other 52 0 –
None (including
arthroscopies)

2,648 0.79 1 0.336Previous open
knee surgeries

Open menisectomy 278 0.36 0.45 (0.06–3.36)
Osteotomy 92 0 –
Fracture
osteosynthesis

50 2.00 2.47 (0.34–18.03)

Other 67 1.49 1.88 (0.26–13.79)
<6.1 mmol/l 910 0.44 1 0.002Preoperative

glucose* 6.1–6.9 mmol/l 324 0.93 2.11 (0.47–9.36)
7.0 mmol/l 331 2.42 5.50 (1.67–18.14)

Normal, <6.5% 205 0 – 0.015Glycosylated
hemoglobin 6.5% 176 2.84

RR, relative risk; CI, confidence interval; ASA, American Society of Anesthesiologists;
*, only patients with osteoarthritis included

Increase in the preoperative Knee Society score (the higher score, the better

function) was associated with lower risk (HR 0.78 per increase of 10 points, 95% CI

0.63–0.97), and lower preoperative Knee Society pain score (indicating more

painful knee) with a higher risk (HR 2.90 per decrease of 10 points, 95% CI 1.21–

6.96) of infected knee replacement. Of other continuous variables, statistically

significant association was observed for range of motion (HR 0.81 per increase of
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Table 8.2 (continued). Perioperative and provider-related factors.

Perioperative and
provider-related factors

Knees in
total

The rate of infected
knee replacement

p

n % RR (95% CI)
Operating
surgeon

Senior orthopedic
surgeon

2,600 0.77 1 0.649

Fellow 260 0.38 0.50 (0.07–3.71)
Resident 274 1.09 1.42 (0.43–4.76)
<67 746 0.67 1 0.396Surgeon’s

yearly operation
volume*

67–96 1,286 0.62 0.93 (0.30–2.83)

>96 737 1.09 1.62 (0.53–4.93)
Laterality Unilateral 2,157 0.79 1 0.826

Simultaneous
bilateral

980 0.71 0.91 (0.38–2.18)

Type of
prosthesis

Unicondylar 296 0.34 0.47 (0.06–3.82) 0.381

Cruciate-retaining 979 0.72 1
Posteriorly stabilized 1,689 0.83 1.16 (0.47–2.86)
Constrained 141 0.71 0.99 (0.12–8.00)
Hinge or custom-
made

29 3.45 4.82 (0.61–37.9)

Status of the
patella†

Native 1,803 0.78 1 0.835

Resurfaced 1,038 0.87 1.12 (0.49–2.57)
Cemented 2,627 0.72 1 0.119Fixation

method† Hybrid with
cementless tibial
component

214 1.87 2.58 (0.89–7.53)

Bone grafts None 3,096 0.74 1 0.272
Autogenous bone 41 2.44 3.28 (0.45–23.7)

Blood
transfusion

None (or autologous
blood)

2,822 0.78 1 0.780

Allogenous blood 315 0.63 0.81 (0.19–3.43)
NNIS risk index 0 1,385 0.22 1 0.006

1 1,418 1.13 5.21 (1.52–17.8)
2 334 1.50 6.91 (1.66–28.8)

RR, relative risk; CI, confidence interval; NNIS, National Nosocomial Infections
Surveillance System; *, calculated for staff surgeons only; †, unicondylar knee
replacements excluded.

10 degrees, 95% CI 0.67–0.98) and perioperative blood loss (HR 1.16 per increase

of 100 ml, 95% CI 1.06–1.27).

Laterality of the operated joint (right vs. left), structure of the tibial component

(modular, non-modular with metal tray, all-polyethylene), type of bearing (fixed vs.

rotating platform), duration of operation did not affect the postoperative rate of

infected knee replacement (Study I).
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Preoperative levels of hemoglobin, white blood cells, thrombocytes, C-reactive

protein and creatinine were similar in patients with and without prosthetic joint

infection. Estimated glomerular filtration rate was not associated with prosthetic

joint infection either (Study IV).

8.3.2 Adjusted analyses (Studies I, III and IV)

8.3.2.1 Patient-related factors

After adjustments (for age, gender and diagnosis) male sex, secondary osteoarthritis

and rheumatoid arthritis (compared to primary osteoarthritis) were associated with

higher risk of infected knee replacement (Figure 8.1). Fracture as the indication for

knee replacement had similar hazard ratios in the single center series (adjusted HR

2.86) and national register series (adjusted HR 2.47) but reached statistical

significance only in the latter series (Figure 8.1).

Of the clinical variables studied in the single center series, ASA risk scores 3–4,

obesity (as continuous variable or morbid obesity compared to normal weight),

preoperative Knee Society score and preoperative glucose 7.0 mmol/l continued to

show a higher risk of infected knee replacement. In the ASA risk score, an

exponential increase in the hazard ratio was observed whereas in the NNIS risk

index the change was more modest (Figures 8.1 and 8.2).

8.3.2.2 Perioperative and provider-related factors

Of the perioperative and provider-related factors studied in the single center series,

only blood loss (adjusted HR per 100 ml increase 1.16, 95% CI 1.06–1.27) and

NNIS risk index (NNIS 1 vs. 0, HR 4.24, 95% CI 1.22–14.81; NNIS 2 vs. 0, HR

5.48, 95% CI 1.17–23.6) demonstrated a statistically significant association with

infected knee replacement in the adjusted analyses.

In Study I, where ASA risk score was used for adjustment, hybrid knee

replacements with cementless tantalum tibial component were associated with a

higher risk of infected knee replacement (adjusted OR 3.60, 95% CI 1.17–11.10). In

the national register series, cementless tibial fixation came close to statistical
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Figure 8.1. Patient-related factors associated with infected knee replacement in the

single center series and national register series. The figures present adjusted hazard

ratios with their 95% confidence intervals. *, analyzed as continuous variable; †,

compared to primary osteoarthritis; ASA, American Society of Anesthesiologists.

Figure 8.2 (on the right). Perioperative and provider-related factors associated with

infected knee replacement in the single center series and national register series. The

figures present adjusted hazard ratios with their 95% confidence intervals. The

follow-up was 1 year in the single center series and 3 years (average) in the national

register series. *, compared to non-constrained condylar TKR; †, compared to TKR;

‡, UKR excluded; §, calculated only for staff surgeons.
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significance in the adjusted analysis (adjusted HR 1.29, 95% CI 1.00–1.68) but had

a lesser effect than in the single center series.

Overall, the type of prosthesis (constrained or hinged compared to non-

constrained TKR), type of antibiotic prophylaxis (combined regime vs. intravenous

antibiotics only) and postoperative complications demonstrated a significant

association with the probability of infected knee replacement in the national register

series (Figure 8.2). Of the postoperative complications, the highest rates of

reoperations due to infection were observed following wound infection (18.6%;

adjusted HR 30.5, 95% CI 16.6–55.7), hematoma (16.7%; adjusted HR 22.3, 95%

CI 8.3–60.3), anesthetic complication (13.3%; adjusted HR 13.7, 95% CI 3.4–55.4)

and wound necrosis (7.7%; adjusted HR 11.4, 95% CI 3.63–35.5).

8.4 Factors associated with infected revision knee
replacement (Study III)

Compared to primary total knee arthroplasty, revision total knee replacement

(adjusted HR 4.7, 95% CI 3.6–6.3) and partial exchange arthroplasties, including

secondary patellar resurfacing and isolated exchange the tibial insert or revision of

either femoral or tibial component, (adjusted HR 3.4, 95% CI 2.2–5.5) were

associated with a considerably higher risk of infected knee replacement. All types of

partial exchange arthroplasties were associated with similar rates of infected knee

replacement (data not shown), but the small number of operations precluded

statistical analysis.

In the adjusted regression analyses, male sex (HR 2.23, 95% CI 1.38–3.62),

occurrence of postoperative complications (HR 5.80, 95% CI 2.09–16.15), time

since previous arthroplasty of less than 2 years (HR 1.74, 95% CI 1.06–2.86) and

infection as the indication for revision (HR 2.98, 95% CI 1.49–5.95) increased the

risk of repeat revision for the treatment of infection following revision TKR.

Compared to a combination of intravenous antibiotics and antibiotic-impregnated

cement, over two-fold risk of infected knee replacement was observed in the group

of patients receiving only intravenous antibiotic prophylaxis (adjusted HR 2.12,

95% CI 1.14–3.92).
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Age at operation, indication for primary knee replacement, type of prosthesis,

fixation method, the type of operating hospital and the aseptic indications for

revision were not significantly associated with reoperations due to infection.

8.5 Volume-outcome analyses

8.5.1 Surgeon’s operation volume and experience

In the single center series, the 3,137 knees were operated by 22 residents, 4 fellows

and 14 senior joint replacement surgeons. Thirteen of the surgeons had worked in

the hospital for at least 6 months. The total operative volumes varied from one to

356. The average yearly volumes ranged from 14 to 128 primary knee replacements.

All fellows fell into the low-volume group. Half of the cases (50.9%) were

performed by senior surgeons whose yearly operation numbers exceeded 90 primary

knee surgeries.

Residents and fellows treated few patients with diagnoses other than

osteoarthritis (4.1% and 3.1% compared to 8.5% in senior surgeons, p<0.003).  With

respect to patient age, gender, body mass index and ASA class there were no

clinically significant differences between the three surgeon groups. Residents and

fellows implanted mostly non-constrained total knee prostheses (96.3% and 89.9%

respectively) while all UKR and operations with hinged prostheses and 91% of knee

replacements with a constrained prosthesis were performed by senior surgeons.

There were no differences in the duration of the operation or perioperative blood

loss, occurrence of wound-related complications (superficial infection, hematoma,

wound dehiscence, necrosis) between residents, fellows and senior surgeons in the

adjusted analyses (data not shown).

None of the individual surgeons deviated from the expected infection rate for the

total population or for the corresponding surgeon group. Surgeon’s experience and

annual operation volume did not significantly affect the risk of infected knee

replacement in the adjusted analysis (Figure 8.2). When analyzed as a continuous

variable, annual operating volume did not show any association with the risk of

infection in univariate or adjusted analysis (HRs per increase of 10 operations per

year 0.96, CI 0.80–1.14, and 0.98, CI 0.83–1.16, respectively).
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8.5.2 Hospital operation volume

During 1997–2003 primary knee replacements were performed in 76 hospitals. At

hospital level the average yearly numbers of operations ranged from 1 to 409

primary knee replacements. The medians of annual volume were 18, 81 and 177 in

the lowest volume (<40th percentile), average volume (40th to 80th percentile) and

highest volume (>80th percentile) groups.

The lowest rate of reoperations due to infection was observed in the lowest

volume group but the differences were not statistically significant (p=0.161).

Compared to the highest volume group, the adjusted hazard ratios for reoperation

due to infection were 0.67 (95% CI 0.43–1.06) and 0.96 (95% CI 0.76–1.21) for the

lowest volume and intermediate volume groups respectively (Figure 8.2). When

prosthesis type was included in the adjusted regression models leveled the

differences slightly (the respective hazard ratios were 0.72 and 1.02). Categorizing

hospitals into the three volume groups separately in each observation year (instead

of using volume groups calculated using the overall operation volume in 1997–

2003) did not significantly alter the result of the regression analyses (adjusted

hazard ratios for the lowest and intermediate volume hospitals 0.80, 95% CI 0.46–

1.40, and 0.96, 95% CI 0.75–1.23, respectively).
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9. Discussion

This study focused on the rate and determinants of infected knee replacement in two

large series of contemporary knee replacements.  Despite continuing efforts to

prevent postoperative infections, prosthetic joint infections complicate up to 1% of

primary knee replacements even in specialized centers. At present, removal of the

infected prosthesis is usually necessary to control the infection. Repetitive surgeries,

prolonged hospitalization and rehabilitation lead to decline in quality of life and

possibly compromised function even in the longer term, making PJI a catastrophic

event for a patient. For the same reasons, PJI causes a considerable burden on

society.

Antibiotic prophylaxis, clean-air measures and sterile operation technique played

a critical role in cutting the extremely high PJI rate of the early TKR studies. During

the last decade, little improvement has occurred in the PJI rate and following the

rapid increase in the yearly operation numbers the number of patients suffering PJI

has increased. Novel approaches are needed to reduce the burden of PJI.

The results of this study suggest that under optimized operative conditions the

rate of infected knee replacement is mostly attributable to patient characteristics,

some of which are potentially modifiable. Thus, approaches aiming to optimize a

patient’s general health preoperatively appear valuable. Extensive prophylactic

measures, including antibiotic-impregnated bone cement, can be used in patients

predisposed to infection. Appropriate prosthesis selection and surgical technique of

high quality are essential to counteract the increased probability of infection. To

efficiently implement these principles enough experience in joint replacement

surgery is required.

The materials of this study consisted of two very different data: one based on

highly detailed clinical data and case definitions and the other on a large set of

register-based data. The single center series made it possible to analyze a large

number of variables. The operations were performed over a relatively short period

of time in standardized operating conditions reducing the possibility of bias related



80

to these factors. The national register series, instead, provided data for analysis on a

variety of different operation techniques and sufficient numbers of infectious cases

to allow comparisons between, for example, different inflammatory arthritides. The

two series supported each other very well although methodological differences

precluded direct comparisons. Both series were representative and the results serve

to describe the state of contemporary knee replacement surgery in Finland. The

thorough analysis of the incidence of infected knee replacement in Study I

establishes a benchmark for future studies.

9.1 Methodological considerations

Epidemiological studies on incidence and risk factors should use cohort study

design with prospective follow-up and predefined outcome (Greenhalgh 2001).

Prosthetic joint infections following knee replacement are rare events, and a huge

number of index operations would be required to obtain enough infectious cases for

the statistical analysis of risk factors. Many earlier studies have chosen an easier

case-control approach (Berbari et al. 1998, Peersman et al. 2001, Minnema et al.

2004). Computerized databases have made it easier to collect data on a large number

of cases. Their value has been noted by other authors as well (Chesney et al. 2008).

In the present study, data on the operations under follow-up were registered

prospectively both in the Tekoset database and the Finnish Arthroplasty Register, so

this study could be considered pseudo-prospective in nature. Although both series

achieved very good coverage of the target population, neither of the present series

represents true cohort study design as all data was collected in retrospect. Moreover,

endpoint data was retrieved from several different sources.

The problem in any retrospective study is the quality of the data and how it can

be controlled. The validity of the recorded items was not controlled in the single

center series because of the large number of different variables and cases. As the

data related to arthroplasty operations is registered real-time in the operating room it

is probably mostly correct. Furthermore, cases with missing and contradictory

information were reviewed manually. In conclusion, it is unlikely that problems

related to quality of data resulted in systematic bias in the single center series.
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Standardized treatment protocols – though helping to control for several

confounding variables – precluded analysis of the effects of certain provider-related

variables (e.g. type of antibiotic prophylaxis and fixation methods). Furthermore,

only 22 prosthetic joint infections were identified (Study I). Consequently, the

number of variables included in the regression models had to be restricted and it is

possible that false negative results may have been obtained in statistical analyses

(see, for example, the confidence intervals in Figures 8.1 and 8.2, p. 74–75). For

these reasons, the national register series supplements the clinical series well.

9.1.1 Register-based data

The Nordic countries have long traditions with nationwide health registers (Gissler

and Haukka 2004) and have also pioneered the field of arthroplasty registers

(Robertsson 2007). Since they were founded at the turn of the 1980s the

Scandinavian arthroplasty registers have provided a considerable amount of

information for orthopedic surgeons and for decision-makers both at national and

international level (Puolakka et al. 2001, Robertsson et al. 2001, Eskelinen et al.

2005 and 2006, Espehaug et al. 2006, Sheng et al. 2006, Furnes et al. 2007,

Robertsson 2007, Koskinen et al. 2008).

Large numbers of registered cases makes it possible, for example, to detect

inferior implant designs early, and to analyze epidemiological trends in joint

replacement surgery. In Sweden, the quality of joint replacement surgery has

improved as a result of continuous evaluation of the outcomes and use of

arthroplasty register data as a tool in information-based quality control (Herberts

and Malchau 2000).

One of the key features of arthroplasty registers is their nationwide coverage,

which practically eliminates the effect of loss to follow-up. In Finland it is

obligatory for orthopedic surgeons to report the joint replacement procedures they

have performed. Earlier, it has been estimated that the Finnish Arthroplasty Register

covers some 95% of hip replacements (Puolakka et al. 2001). In this study, 96% of

primary knee replacements could be matched to corresponding records in the

Hospital Discharge Register. This is comparable to respective figures of 96% and

99% reported in Sweden and Norway (Robertsson et al. 1999, Espehaug et al.
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2006). As identification data of the implanted prosthesis is required for a register

entry and the register attempts to manually resolve any other missing data, it is

probable that operations recorded in the Finnish Arthroplasty Register are indeed

true events.

In total, there were 2,549 hospitalizations (6%) that were registered to the

Hospital Discharge Register but were lacking a corresponding record in the Finnish

Arthroplasty Register. Review of diagnosis and procedure codes suggested that

erroneous coding alone may not be responsible for this difference (data not shown).

The actual reasons for these discrepancies warrant further study.

9.1.2 Infection surveillance and definition for infected knee
replacement

9.1.2.1 Clinical studies

In the single center series the local hospital infection register provided a readily

available source for data on infectious complications. The diagnostic criteria (CDC)

and surveillance methods (NNIS) applied in the present study are widely used in

infection surveillance programs (de Boer et al. 2001, Gastmeier et al. 2005, Huotari

2007) and have been used in clinical studies as well (Saleh et al. 2002b, Babkin et

al. 2007, Chesney et al. 2008).

To improve sensitivity in case-detection the records of the local hospital infection

register were cross-referenced with the records of the hospital administration

database and the Tekoset register. This technique revealed six new cases (25% of all

infected knee replacements). In other words, one fourth of infected knee

replacements would have remained unidentified if the local hospital infection

register had been the only data source. This result concurs with earlier studies

(Cadwallader et al. 2001, Curtis et al. 2004, Huotari et al. 2007a) suggesting that not

even prospective infection surveillance necessarily identifies all PJI.

PJI cannot be identified from the hospital infection register unless they have been

entered there by the out-patient clinic or ward staff. According to present and

previous results (Huotari et al. 2007a) reporting appears a vulnerable point in the
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registration process. The reasons for this lie probably in local practices, which may

differ between hospitals.

Accurate case detection is essential because, with the present low infection rates

missing, even a few infections have percentually a considerable effect (each

infection accounted for 4% of the total number of infections in Study I). It is

possible that studies which have relied on a single data source (de Boer et al. 2001,

Peersman et al. 2001, Huotari et al. 2006, Phillips et al. 2006, Chesney et al. 2008)

have underestimated the true burden of infected knee replacements. Collecting data

from all relevant sources and manual confirmation of all suspected cases seems to

be the most sensitive way to detect postoperative infections.

The postoperative stay in hospital has shortened considerably over the last decade

(Study II), and surgical site infections occur usually after discharge. These

infections are identified either in post-discharge surveillance or upon readmission

(de Boer et al. 2001, Huotari et al. 2006). The rigor and quality of post-discharge

surveillance may dramatically affect the reported infection rate and partly explain

the differences in postoperative SSI rates between hospitals and countries (Huotari

2007).

Prosthetic joint infections are usually detected upon readmission or at a follow-up

visit (Huotari et al. 2006). Being the only unit performing joint replacement surgery

within the hospital district area and the referral center for prosthetic joint

complications, the hospital of the single center series has probably succeeded well in

detecting the cases with infected knee replacement.

The reliability and reproducibility of CDC criteria have been questioned (Wilson

et al. 2004). The criticism is related in particular to superficial infections. In the case

of deep infections, there is less variation in diagnostic accuracy (Wilson et al. 2004).

The problem, instead, is to distinguish between deep incisional infection and

organ/space infection (Huotari et al. 2007a).

From the above it can be concluded that any changes in the interpretation and

application of the diagnostic criteria or surveillance protocols, treatment and follow-

up practices directly transmit to the detected PJI rate (Huotari 2007). Attention

should be paid to the methodology and definitions when comparing infection rates

reported in different studies and hospitals. When surveillance practices are kept

standard, analysis of trends and comparisons to benchmark values are, however,

possible and – in the best case – motivate attempts to improve infection control.
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9.1.2.2 Register-based studies

Arthroplasty registers regard revision arthroplasty (removal or revision of one or

more of the prosthesis components) as the endpoint of follow-up (Robertsson et al.

1999, Puolakka et al. 2001, Espehaug et al. 2006, Robertsson 2007). Although

revision arthroplasty is a simple, unambiguous and easily obtainable definition of

prosthesis failure, certain problems have been related to its use as measure of

outcome (Robertsson 2007).

As regards infected knee replacement, one of the major concerns is the variety of

different treatment approaches (see section 5.6, p. 53). Reoperations where a new

prosthesis is not being implanted are poorly reported and registered in arthroplasty

registers. In the validation study of the Swedish Knee Arthroplasty Register

(Robertsson et al. 1999) 80% of reoperations were registered correctly but the

reoperations most frequently missed were amputation, resection arthroplasty and

arthrodesis. A similar result was obtained in Norway, where the arthroplasty register

detected only 62% of resection arthroplasties (Espehaug et al. 2006).

The present study (Study II) shows that similar problems are encountered in the

Finnish Arthroplasty Register: only revision total knee arthroplasties (92%) and

secondary patellar resurfacing procedures (85%) were recorded with acceptable

accuracy. This is consistent with a recent Finnish study in which the register

captured only 18 of the 60 infected knee replacements identified by combining data

from three Finnish health registers (Huotari et al. 2007b).

At worst, ignoring certain types of reoperations leads to underestimation of the

postoperative complication rate (Espehaug et al. 2006). Furthermore, changes in

treatment practices (e.g. increased popularity of debridement with retention of

components in the management of early acute infections) may bias arthroplasty

register-based analyses regarding the infection rate if the probability of an infection

being detected depends on its type and etiology. If the first reoperation is followed

by a subsequent revision knee replacement with implantation of a new prosthesis

(e.g. in two-stage revisions) – which is often the case in actual practice – missing the

first reoperation has less dramatic consequences and only delays registration of the

failure.

This study (Studies II and III) attempted to overcome the above-mentioned

problems by supplementing the Finnish Arthroplasty Register data with a search of
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the Hospital Discharge Register for several surgical reoperations. The decision to

ignore hospitalization periods that were lacking surgical procedure codes may have

led to underestimation of the rate of infected knee replacement. However, in most

cases removal of the infected prosthesis is required. Thus, it is possible that the

cases where diagnosis code (T84.5) without associated surgical procedure code is

recorded in the Hospital Discharge Register do not necessarily represent true PJI.

This hypothesis could explain the relatively high PJI rate (1.9%) reported in another

recent Finnish study using the same data sources (Remes et al. 2007).

The side of the operated joint was infrequently recorded in the Hospital

Discharge Register. When corresponding records in the arthroplasty register and the

side of the operated joint were unavailable, the linkage between reoperation and the

preceding knee replacement was based on an assumption that infectious failures

occur rather early than late after the index procedure (see Study II for details). It is

acknowledged that this technique may cause overestimation of the rate of early

reoperations. However, most reoperations (79%) could be linked to preceding

surgeries reliably with the help of arthroplasty register records. In addition, the

infection rates calculated using only Hospital Discharge Register data and the

endpoint data combined from the two registers were similar to the infection rate in

pure arthroplasty register data (Study II). Therefore, the methodology used does not

seem to have significantly biased the present results.

Earlier studies that have estimated the applicability of administrative register data

have reported sensitivities ranging from 35% to 61% for identifying SSI (Romano et

al. 2002, Curtis et al. 2004, Sherman et al. 2006). Lack of appropriate complication

codes has been one of the main factors explaining the poor sensitivity. This was also

the case in the Hospital Discharge Register (Study II). In an Australian study, where

register entries were made by professional clinical coders, instead, the sensitivity in

case-detection was similar for administrative register data and infection surveillance

data (88% and 84% respectively) (Cadwallader et al. 2001). The variation in the

reported sensitivities is probably attributable to the quality of registration process

and differences in reporting activity. Lack of appropriate diagnosis codes leads to

misclassification of PJI as aseptic failures and thereby to underestimation of the true

infection rate.

The registers used here lacked microbiological data enabling case confirmation.

This probably has little relevance as it is the choice to initiate the treatment that has
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clinical consequences and leads to resource utilization even in clinically unclear

situations. Ideally, the endpoint events should have been verified against patient

records. This study was not intended to validate either of the registers and therefore

case verification was not carried out.

Nevertheless, the reoperations performed due to infection identified in this study

probably represent true cases. The two registers were in most cases concordant in

classifying the reasons for reoperations (infection vs. aseptic failure). In earlier

studies, the positive predictive values of administrative registers has been relatively

good (79–98%) despite compromised sensitivity (Cadwallader et al. 2001, Romano

et al. 2002, Curtis et al. 2004).

By combining data from three Finnish registers, Huotari and associates (2007b)

estimated that the rate of infected knee replacement is around 1.3% in Finland. This

figure was considerably higher than that observed in any one of the three registers

alone. In the national register series more reoperations due to infection were

detected when the combined endpoint data was used yet the difference compared to

rates derived from the Finnish Arthroplasty Register or the Hospital Discharge

Register alone was not statistically significant (Study II). Combining data from

different sources appears to be an effective way to improve the sensitivity in case

detection – in a similar way than it did in the single center series.

The problems related to the recording of postoperative infections in the

administrative health registers have less effect in risk factor analyses. The infections

that have remained unidentified or misclassified fall into the comparison group (no

infection) which decreases the number of case patients and causes heterogeneity

within the comparison group. This may lead to false negative – rather than false

positive – results in regression analyses. All available follow-up data was used in

national register series to maximize statistical power even though restricting the

follow-up to one year might have been reasonable in the analysis of perioperative

and provider-related risk factors.

Finally, it is emphasized that the incidences and hazard ratios based on national

register series data refer to reoperations due to infection, not to postoperative

infections per se. Infections in patients who are not eligible for or are unwilling to

undergo surgery and cases treated conservatively (e.g. long-term suppressive

antibiotics) are ignored. Thus, the infections treated surgically do not represent a

random sample of all infectious cases.
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9.2 Incidence of infected knee replacement

The single center series was collected from a specialized high-volume hospital

where only joint replacement surgery is performed. It was thought that efficacy and

quality of care could be improved by centralizing joint replacement surgery within

the hospital district to this one facility.

By founding a new hospital it was possible to create an optimal operative

environment from the viewpoint of asepsis. Clean-air measures, vertical laminar

flow and pressurization of the operating rooms were applied to reduce the risk of

airborne wound contamination. Preoperative protocols and operating room

equipment were also considered (see Study I for details). The annual hospital and

surgeon volumes are very high compared to the figures used in earlier volume-

outcome analyses (Kreder et al. 2003, Katz et al. 2004, SooHoo et al. 2006b,

Muilwijk et al. 2007).

The present thorough analysis of the occurrence of infected knee replacement in

this setting disclosed a 1-year infection rate of 0.80% (Study I). This figure is

comparable to recently published figures from the Finnish Hospital Infection

Surveillance Program (0.90%; Huotari et al. 2006) and from other orthopedic

hospitals applying similar prophylactic measures.

In a large retrospective study from the Hospital for Special Surgery the three-

month infection rate was 0.39% following primary knee replacement (Peersman et

al. 2001). Phillips and associates (2006) reported a series of 4,788 knee

replacements operated on over a 15-year period in a specialist orthopedic hospital

and ended up with a rate of 0.86% for culture-positive PJI. Approximately two

thirds of the infections arose within 1 year of the index operation.

A more recent study of 1,509 knees yielded an incidence of 1.06% (Chesney et

al. 2008). Despite longer follow-up periods similar rates were reported by Blom and

associates (0.97%; Blom et al. 2004) and in a nationwide Norwegian register study

(1.22%; Furnes et al. 2007). It is of note that the quoted studies vary in definitions of

infection, case detection methodology and length of follow-up (see Table 3 in Study

I) making direct comparisons between the studies meaningless.

The studies by Phillips et al. (2006) and Huotari et al. (2006) provide the best

basis for comparison with the present results as in these studies similar definition

and surveillance methods (prospective surveillance by infection control units) were
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used. In the present study, however, more rigorous case-finding technique (see

section 9.1.2.1, p. 82) was used. Moreover, Phillips and co-workers (2006) excluded

all culture-negative infections, which probably explains the slightly lower 1-year

infection rate.

The rate of infected knee replacement following primary knee replacement in the

national register series (0.52% at 1 year, 0.75% when the whole follow-up is

considered) is lower than one might expect. In a recent study it was estimated that

the overall nationwide infection rate in Finland is 1.3% (Huotari et al. 2007b). An

even higher rate (1.9%) was reported in another Finnish survey (Remes et al. 2007).

Compared to these figures and to the results of clinical studies, it seems obvious that

the infection rate in the national register series is an underestimate. Although

ignoring the cases where the onset of infection and symptoms occurred during the

first postoperative year but in which the reoperation has been performed after 1 year

could partly explain the difference, it is likely that the observed low infection rate is

mostly due to problems related to the use of administrative register data (see section

9.1.2.2, p. 84).

In this study the length of follow-up was restricted to 1 year, which is in

accordance with the existing nosocomial infection surveillance guidelines (Emori et

al. 1991, Huotari et al. 2007a). Although results with longer follow-up have been

reported (Blom et al. 2004, Phillips et al. 2006, Furnes et al. 2007), the majority of

infections already occur during the first postoperative year. In the national register

series (Study II) approximately two thirds of all reoperations due to infection were

performed during the first postoperative year. This figure is close to 64% reported

by Phillips et al. (2006).

Over follow-up the significance of perioperative events for the pathogenesis of

PJI decreases, and late infections are often related to patient characteristics. As the

special interest in Study I was to analyze the infection rate under optimized

operating conditions, restricting the follow-up to 1 year appears justified. In the

national register series, the 1-year infection rate but also the overall rate of

reoperations due to infection over the average follow-up of 3.4 years is reported to

ease comparison with other studies.
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9.2.1 Temporal changes

The review of the literature demonstrated how the incidence of infected knee

replacement has declined since the early era of joint replacement surgery (Figure

5.1, p. 23). This development has been thought to result from the use of clean-air

measures, laminar airflow, perioperative antibiotic prophylaxis and improvements in

surgical technique (Lidwell et al. 1987, Blom et al. 2004). The reports published

since 1990, however, have consistently reported infection rates around 1%,

indicating that after the initial decline there has been little progress.

Since the late 1980s the number of knee replacements performed yearly has

increased rapidly in Western countries (Robertsson et al. 2000, Dixon et al. 2004,

Rantanen et al. 2006, Fevang et al. 2007, Kurtz et al. 2007). Although high

operation volumes have been though to result in improved outcomes, the increase in

the numbers of knee replacements has not lead to a lower postoperative infection

rate (Phillips et al. 2006). On the other hand, the present results suggest that the

increased workload and shortened hospital stay have not adversely affected the

quality of care with respect to infectious complications, either.

Simultaneously with the increase in the numbers of operations the patient

population undergoing knee surgery and treatment protocols have changed (Study

II). The need for orthopedic procedures among patients with rheumatoid arthritis is

decreasing (Fevang et al. 2007), which has led to a concurrent increase in the

proportion of patients with osteoarthritis among knee replacement recipients

(Rantanen et al. 2006, Fevang et al. 2007, National Agency for Medicines 2008).

The numbers of unicondylar knee replacements have increased. These changes

could have been expected to result in a decline in the postoperative infection rate.

Unfortunately, such improvement was not observed in this study.

Following improvements in surgical and anesthesiological techniques and

reduced complication rates, the indications for knee replacement have been

extended. Patients and orthopedic surgeons accept higher risks of medical or

surgical complications to achieve the potential advantages of joint replacement. In

the single center series, 43% of patients had severe systemic disease (ASA 3) and

even patients with belonging ASA risk group 4 were operated on (Study I). It is

possible that changes in the severity and prevalence of co-morbid conditions,

including obesity (see section 9.3.2, p. 94), have counteracted attempts to reduce the
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rate of infected knee replacement. Changes in patient co-morbidity, however, could

not be analyzed with the present register data.

Following the increase in the number of primary knee replacements, the absolute

number of reoperations performed due to infection is increasing (Study II).

Concurrently, prosthesis survival for aseptic loosening has improved (Rantanen et

al. 2006). Infection is therefore becoming ever more important as a reason for

revision TKR. It accounts for over one fifth of all revisions in Finland (Study II,

National Agency for Medicines 2008). In the United States, it has been predicted

that within 15 years over half of the revision knee arthroplasties will be performed

for the treatment of infection (Kurtz et al. 2007).

9.3 Factors associated with infected knee replacement

In the single center series (Study I) where operating conditions were standardized

and optimized to prevent postoperative complications, the postoperative prosthetic

joint infection rate was mostly attributable to patient characteristics (Figures 8.1 and

8.2, p. 74–75). While in the whole population-based sample the infection rate was

0.80%, the 1-year rate of infected knee replacement was less than 0.5% e.g. in

healthy patients (ASA 1–2) with osteoarthritis. Conversely, the rate of infected knee

replacement exceeded 2% in patients with RA, high anesthesiological risk score

(ASA 4), morbid obesity (BMI 40) or preoperative glucose 7.0 mmol/l (Table

8.2, p. 71–72). Of other variables studied only hinged knee prostheses were

associated with such high failure rates.

The same conclusion can be drawn from the results of the present review of the

literature (Figures 5.3 and 5.4, p. 36 and 44). Although several provider-related

factors have been shown to predispose to infected knee replacement, their effect is

modest compared to that of patient characteristics.

Table 9.1 lists the known risk factors of infected knee arthroplasty according to

the results of the literature review. Additionally, it shows how the results of this

study have contributed to the present knowledge in this field. Tables 9.2 summarizes

PJI rates in some of these risk groups.

As regards risk factors, the key findings of the present study are related to the

effects of the underlying arthritis diagnosis, type (constraint) and fixation method of
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Table 9.1. Factors associated with a higher risk of infected knee replacement
according to the systematic literature review and the results of this study.

Factors associated with higher risk of
infected knee replacement

Result in this study

Single center
series

National
register series

Level of
evidence*

Patient-related factors
Indication for knee replacement
 Rheumatoid arthritis vs. osteoarthritis + ++ † A
 Secondary vs. primary osteoarthritis – ++ C
 Fracture around the knee vs. primary

osteoarthritis
– ++ B

Prior knee replacement N/A ++ A
Preoperative Knee Society score ++ N/A C
Comorbidity indices
 ASA > 2 vs. ASA 1–2 ++ N/A A
 NNIS > 0 vs. NNIS 0 ++ N/A A
Comorbid conditions
 Obesity + N/A C
 Morbid obesity ++ N/A B
 Diabetes N/A N/A B
 Preoperative hyperglycemia ++ N/A C
 Genitourinary disorders,

malignancies, liver cirrhosis, organ
transplant, immunosuppressive
therapy

N/A N/A C

Other factors: smoking, alcohol abuse,
malnutrition

N/A N/A C

Perioperative and provider-related
factors
Type of prosthesis
 Hinged vs. non-constrained – ++ A
 Constrained vs. non-constrained – ++ B
 Total condylar vs. unicondylar – – ‡ B ‡

Allogenous blood transfusion – N/A C
Length of operation ++ N/A B
Postoperative complications ++ ++ B
 Superficial wound infection N/A ++ B
 Wound hematoma N/A ++ B
 Wound necrosis N/A + C
Surgeons operation volume – N/A C

+, significant in univariate analysis; ++, significant in adjusted analysis; –, not
statistically significant; N/A, not available; ASA, American Society of Anesthesiologists
risk score; NNIS, National Nosocomial Infections Surveillance System risk index; *, see
Table 5.1 (p. 15) for definitions for the level of evidence; †, seropositive rheumatoid
arthritis only; ‡, in mid-to-long-term follow-up
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Table 9.2. The rate of infected knee replacement in selected patient subgroups.
The figures are based on the results of the present study (single center series) and
the studies published after year 2000 *.

Patient subgroup The rate of infected knee
replacement, %

Patient-related factors
Indication for knee replacement
 Osteoarthritis 0.7–1.3
 Rheumatoid arthritis 0.8–2.8
 Sequels after fracture around the knee 1.8–2.0
Anesthesiological risk score
 ASA 1–2 0.3–1.0
 ASA 3 1.2–1.6
 ASA 4 5.1–16.7
Comorbid conditions
 Obesity 0.6–1.69
 Morbid obesity 2.9–4.9
 Diabetes 1.2–5.5 (–13)†

Perioperative and provider-related factors
Type of operation

Primary total knee replacement 0.4–1.2
Revision total knee replacement 0.7–5.8 (–11.7)†

Type of prosthesis
 Non-constrained condylar 0.7
 Constrained 0.7
 Hinge 3.5
 Unicondylar 0.2–0.8

ASA, American Society of Anesthesiologists; *, de Boer et al. 2001, Peersman et al.
2001, Yang et al. 2001, Meding et al. 2003, Blom et al. 2004, Foran et al. 2004, Namba et
al. 2005, Amin et al. 2006a and 2006b, Furnes et al. 2007, Huotari et al. 2007c, Chesney
et al. 2008 ; †, the infection rates reported by Lazzarini and co-workers for revision knee
replacements and patients with diabetes are much higher than in any other study.

the implanted prosthesis, antibiotic prophylaxis, obesity and preoperative

hyperglycemia. Furthermore, this study provided new information on prosthetic

joint infections following revision procedures. These matters are discussed in more

detail in the following sections.

9.3.1 Patient characteristics

Indication for the primary knee replacement and co-morbid conditions, including

obesity, yield the strongest association with the risk of postoperative infections

(Table 9.1). Age per se was not found to predispose to infected knee replacement,



93

which is in accordance with earlier reports. Although male patients had higher

infection rates in both series, the difference is probably related to the effects of some

gender-related explanatory variables not explored here.

Of the indications for knee arthroplasty primary osteoarthritis is associated with

the lowest rate of infections (Peersman et al. 2001). This study shows that secondary

and especially posttraumatic osteoarthritis are associated with over two-fold risk of

infected knee replacement (Study III). The underlying mechanisms are largely

unclear, but previous open knee surgeries may play some role. This finding is of

relevance when considering TKR in younger patients who are overrepresented

among those with secondary osteoarthritis and whose life-time risk of experiencing

infected knee replacement is inherently higher due to the probability of undergoing

repetitive arthroplasties (Harrysson et al. 2004).

The 2–3-fold greater risk of infection in patients with rheumatoid arthritis

compared to patients with primary osteoarthritis (Studies I and III) concurs with the

results of earlier studies (Johnson and Bannister 1986, Wilson et al. 1990, Bengtson

and Knutson 1991, Wymenga et al. 1992, Berbari et al. 1998, Robertsson et al.

2001). In this study the highest risk seemed to be related to seropositive disease

(Study III). Seronegative arthritides did not demonstrate statistically significant

association with infected knee replacement.

Rheumatoid arthritis has been regarded as a risk factor of late hematogenous

infection with a new peak in the infection rate at 5–10 years postoperatively (Poss et

al. 1984, Bengtson and Knutson 1991). Possibly due to limited follow-up such

phenomenon was not observed in this study. After one year the infection rates did

not differ between osteoarthritis and rheumatoid arthritis (Study III).

Supporting experiences in hip arthroplasty (Ridgeway et al. 2005), a high rate of

reoperations due to infection was observed following operations performed for the

treatment of a fracture around the knee (Study III). The six-fold difference

compared to elective operations for primary osteoarthritis is similar in magnitude to

the previously published results (Furnes et al. 2002). The possible explanatory

factors include comorbid conditions (that also predispose to fracture), lack of

preoperative evaluation and optimization of general health, and the extensive tissue

trauma caused by the fracture.
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9.3.2 Obesity and preoperative hyperglycemia

A considerable proportion of patients undergoing knee replacement carry excess

weight (Fehring et al. 2007). In the single center series, 41% of patients were

overweight (BMI 25–30) and 45% obese (BMI >30), and the proportions were

increasing (data not shown). Anecdotally, the proportion of obese patients is

comparable to – or even higher than – the proportion of patients with RA in the

early TKR studies (Kaushal et al. 1976, Grogan et al. 1986, Johnson and Bannister

1986, Bengtson and Knutson 1991). Moreover, the infection rates at 1 year were

similar for patients with RA and BMI>35 (Study I). These figures emphasize the

importance of obesity – which is a potentially modifiable condition unlike RA –

with regard to the demand for and outcome of knee replacement surgery.

The previously published results suggesting that morbid obesity in particular is

associated with infected TKR (Winiarsky et al. 1998, Amin et al. 2006a) are in

accordance with the present observations (Study I). Although the infection rates in

overweight and obese patients were slightly higher than in the normal-weight group,

the most dramatic difference was seen in morbid obesity (Figure 8.1, p. 74).

The results concerning the infection rates in less obese patients have been

contradictory (see section 5.5.1.4, p. 42). In the single center series the rates of

infected knee replacement correlated with preoperative glucose. It turned out that

even in obese subjects few infections occurred if the preoperative glucose was

normal (see Figure 1 in Study IV). One interpretation for this result is that the effect

of obesity on the risk of infected knee replacement is mediated by hyperglycemia.

This hypothesis could not be confirmed with the available data, but the

knowledge of pathogenetic mechanisms (Peleg et al. 2008) and the existing

literature lend some support. In thoracic surgery hyperglycemia during the first two

postoperative days has been strongly associated with the occurrence of mediastinitis.

Moreover, Furnary and co-workers (1999) were able to cut the incidence of

mediastinitis in diabetic patients from 2.0% to 0.8% by treating hyperglycemia

intensively with continuous intravenous insulin infusions. Thereafter, the adverse

effects of stress hyperglycemia and importance of maintaining normoglycemia have

been demonstrated in several other patient groups, including critically ill patients

(Lazzeri et al. 2008). A recent study reported a high prevalence (74%) of

postoperative hyperglycemia in non-diabetic patients undergoing primary hip or



95

knee replacement but was underpowered to analyze postoperative outcomes (Pili-

Floury et al. 2008). Thus, the relevance of stress hyperglycemia in joint replacement

surgery is not yet known.

To the best of the author’s knowledge, Study IV is the first study in this field of

surgery to demonstrate an association between preoperative hyperglycemia and

infected knee replacement. A single glucose measurement taken 2–4 weeks

preoperatively does not precisely reflect the state of patient’s glucose metabolism.

Such a sample may be affected by a number of confounding factors, e.g. fasting

status. Moreover, it was not possible to separate the patients with an established

diagnosis of diabetes because data on comorbid conditions was not routinely

registered in the present data sources. Nevertheless, preoperative screening of

glucose could be used to identify patients with underlying glucose metabolism

disorder, which may lead to perioperative hyperglycemia in surgery (Ljunqvist et al.

2007) and result in compromised clinical outcome.

So far studies in this field have addressed diabetes as a binary factor (with

diabetes, without diabetes) and have largely ignored type of anti-hyperglycemic

medication, occurrence of hyperglycemia, glycemic control (measured e.g. as

glycosylated hemoglobin level), prevalence of diabetes-related complications

(nephropathy, neuropathy etc.) and various anti-hyperglycemic practices during the

perioperative period (such as insulin infusions). None of the studies analyzed the

associations between preoperative glucose and perioperative hyperglycemia.

Differences in these variables could explain the variance in the infection rates in

previously published studies (see section 5.5.1.3, p. 40).

The epidemic of obesity in Western countries (Berghöfer et al. 2008) has led to

increasing prevalence of obesity among patients undergoing joint replacement

(Fehring et al. 2007). Many obese patients have undiagnosed diabetes and

hyperglycemia: for example, in a recent study preoperative evaluation by an

internist revealed a new diagnosis of diabetes in 5% (in addition to the 7%

diagnosed previously) (Meding et al. 2007). As a result of prolonged a

hyperglycemic state, patients with undiagnosed disease often represent with

diabetes-related complications, including peripheral arterial disease and neuropathy,

at the time of diagnosis (Colagiuri et al. 2002, Gregg et al. 2007). Together, obesity

and diabetes – and probably its complications as well – may compromise the
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outcome of TKR. The epidemic of obesity and metabolic syndrome could at least

partly explain why the postoperative infection rate has ceased to improve.

The present results suggest that it would be reasonable to screen obese patients to

identify possible underlying glucose metabolism disorder which may affect the

outcome of surgery. Although the present results give reason to suppose that normal

glycosylated hemoglobin level would protect from infection (no infections occurred

in this group of patients) (Study IV), one should remember that glycosylated

hemoglobin is insensitive in detecting patients with impaired glucose metabolism

(World Health Organization 1999). In known diabetics it may provide valuable

information concerning the control of glycemia, but for surveillance and screening

purposes, fasting glucose measurement should be used. Abnormal values should be

controlled and preoperative evaluation by primary health care physicians or

consulting internists might be beneficial.

9.3.3 Type and fixation of the implanted prosthesis

The observation of higher risk of infected knee replacement with increase in the

prosthesis constraint supports earlier studies (Grogan 1986, Bengtson and Knutson

1991). Hinged knee prostheses especially have a high risk of being infected (Poss et

al. 1984, Bengtson and Knutson 1991). This increase may be attributable to the

amount of foreign material in the joint. An alternative explanation, however, is that

prosthesis constraint functions as a proxy for the severity of joint destruction. Tissue

trauma caused by extensive soft tissue releases (required to correct joint deformities)

may ease bacterial adhesion and infection. This view is supported by Study I in

which a higher rate of infections was associated with lower Knee Society scores

(poor function) and increased pain preoperatively.

In addition, the inclusion of prosthesis constraint in the adjusted analyses in

Study III explained well the differences in the infection rates between different

types of hospitals (data not shown) and – to some extent – the higher risk of

infections in patients with RA. It is tempting to suggest that prosthesis constraint

should be used as an adjusting variable in register-based analyses besides age,

gender and diagnosis.
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Contradicting earlier studies (Bengtson and Knutson 1991, Robertsson et al.

2001, Furnes et al. 2007) no statistically significant difference was observed

between unicondylar and total knee replacements although there were considerably

fewer infections associated with UKR in both series (Studies I– III). Most infections

following UKR occurred during the first postoperative year whereas following TKR

the infections cumulated during the whole course of follow-up (Studies II and III).

As patients receiving UKR are – in general – healthier and younger, it is possible

that the difference in the infection rates is partly due to lower rate of late

hematogenous infections (which are often associated with patient comorbidity) in

the UKR group. This hypothesis gains support from Bengtson and Knutson (1991)

who reported lower rate of hematogenous infections following UKR compared to

TKR. This hypothesis could not be confirmed with the present data.

A higher infection rate was observed with the use of cementless tantalum tibial

components in the single center series (1.87% compared to 0.69% in the fully

cemented group) (Study I). A similar association was found in the national register

series but the difference between cementless and cemented tibial components did

not reach statistical significance in the adjusted analysis (HR 1.29, 95% CI 1.00–

1.68). In addition, cementless prostheses were used on a large scale in only a few

hospitals and the effect of possible provider-related confounding factors could not

be precluded with the available register data.

The result is surprising, as in earlier studies comparing cemented fixation to

hybrid or cementless fixation in primary TKR no statistically significant differences

in the infection rates – albeit in some cases relatively high – have not been observed

(Duffy et al. 1998, Parker et al. 2001, Khaw et al. 2002, Baker et al. 2007, Beaupré

et al. 2007). Furthermore, patients receiving cementless implants in this series – by

the operating surgeon’s choice – were slightly healthier and younger than their

counterparts receiving cemented TKR.

The inherent huge surface area of certain cementless prostheses with porous or

trabecular surface structure could increase the probability of bacterial adhesion (see

section 5.3.4, p. 26) and thereby contribute to the increased risk of PJI. A more

plausible explanation is the use of antibiotic-impregnated cement.

Antibiotic-impregnated cement is becoming increasingly popular in the Nordic

counties although early studies focusing on the efficacy of antibiotic-impregnated

cement in prevention of PJI have yielded mixed results (McQueen et al. 1987 and
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1990, Josefsson and Kolmert 1993, van de Belt 2001). Overall, over 80% of patients

undergoing primary knee replacement received both systemic antibiotic prophylaxis

and a prosthesis fixed with antibiotic-impregnated cement (Study II).

The lowest rate of reoperations due to infection was observed with the

combination of systemic antibiotic prophylaxis and antibiotic-impregnated cement

(combined antibiotic prophylaxis) (Study III). In the primary arthroplasty group, a

statistically significant difference could be established between combined antibiotic

prophylaxis and the group with intravenous antibiotics only because there were few

patients receiving other types of antibiotic prophylaxis.

A major limitation in the present analysis on the effectiveness of antibiotic-

impregnated cement is that the time of administration, dosage and duration of

intravenous prophylactic antibiotics were not available in the national register series.

Administering intravenous antibiotics outside the optimal time frame (30–60

minutes prior to incision) is associated with a higher risk of SSI (van Kasteren et al.

2007). Despite the well-acknowledged role of prophylactic antibiotics, inappropriate

administration is not uncommon (Bhattacharyya and Hooper 2007). It is possible

that – in some cases – the value of antibiotic-impregnated cement lies rather in

substituting than in supplementing systemic antibiotic prophylaxis.

Nevertheless, the present result supports the experience of Chiu and co-workers,

who demonstrated the efficacy of combined antibiotic prophylaxis compared to

systemic antibiotics alone in primary TKR performed in the absence of clean-air

technology (Chiu et al. 2002) and in diabetic patients (Chiu et al. 2001). In hip

arthroplasty, combined antibiotic prophylaxis has also been shown to be more

effective in the prevention of postoperative infection than either means of antibiotic

administration alone (Engesæter et al. 2003). Contradicting the present results, the

PJI rates in a large Norwegian study were similar for cementless hip prostheses and

prostheses fixed with antibiotic-impregnated cement (Engesæter et al. 2006).

In conclusion, antibiotic cement appears may be an effective measure to prevent

PJI following primary knee arthroplasty. Although in vitro studies suggest that a

sufficient concentration of antibiotic is released from the bone cement for only a

short period of time (van de Belt et al. 2001), this initial burst of antibiotic may in

actual practice be sufficient to eliminate the bacteria harbored inside the joint and

thereby prevent bacterial colonization. The observations on the effectiveness of

antibiotic-impregnated cement require confirmation in clinical studies where the use
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of intravenous antibiotics can be controlled for. The potential advantages of

cementless implants (Silverton 2006) should be weighted against the possibly higher

risk of infected knee replacement.

9.3.4 Revision knee replacement

The high rate of infections following revision knee replacements has been well

defined in the literature (Grogan et al. 1986, Wilson et al. 1990, Berbari et al. 1998,

Peersman et al. 2001, Blom et al. 2004). The risk has been related to the larger

amount of dead space, devitalized tissue, scarring and prolonged surgery (Poss et al.

1984, Wilson et al. 1990, Peersman et al. 2001).

In this study an increased risk of infected knee replacement was observed not

only in the revision TKR group (HR 4.7, 95% CI 3.6–6.3, compared to primary

TKR without patellar resurfacing) but also following partial revision arthroplasties

(HR 3.4, 95% CI 2.2–5.5) (Study III). Although partial revision arthroplasties are

shorter and require shorter rehabilitation and hospitalization, they should be

undertaken with caution – especially as the clinical advantage of such procedures is

disputed (Engh et al. 2000, Muoneke et al. 2003, Griffin et al. 2007). The possibility

of low-grade infection underlying the early symptomatic failure should be ruled out

preoperatively.

To the best of the author’s knowledge, the factors associated with the rate of

infections following revision knee replacement have not been previously studied.

Unlike primary knee operations, the underlying diagnosis of arthritis and the type of

implanted prosthesis did not affect the risk of repeat revisions for the treatment of

infection. Earlier, Wilson et al. (1990) have reported equal infection rates for

primary and revision arthroplasties in patients with RA. With regard to the type of

prosthesis, a similar result was obtained in an earlier register-based study where

prosthesis constraint did not predict implant survival following revision TKR

(Sheng et al. 2006). Revision procedures are complex surgeries with a high initial

risk of complications, and the risk relatively similar for all patients. It is, however,

of note that in some difficult cases conservative treatment may have been selected

instead of reoperation. Excluding these cases from the analyses may have biased the

present observations and led to a false negative result.
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The two major determinants of infected revision knee replacement were the lack

of antibiotic-impregnated cement and infection as the reason for revision. The

rationale for antibiotic prophylaxis has been discussed previously. This study

emphasizes the importance of local administration of antibiotics in revision setting:

without local antibiotics administered in the cement over 2-fold more infections

occurred (the rates of infected revision knee replacement with and without antibiotic

cement 2.8% and 6.6%) (Study III).

Although the reason for revision did not affect implant survival following

revision TKR in an earlier study (Sheng et al. 2006), a high risk of infected revision

knee replacement was observed following revision TKR performed for the treatment

of infection. Even with two-stage exchange arthroplasty, the risk of reinfection

caused by the same or a new pathogen is considerable (Jämsen et al. 2008). It is

difficult to completely eliminate bacteria in the presence of any foreign body (see

section 5.3.4, p. 26) but patient characteristics, such as comorbidity, probably play

some role as an explanatory mechanism. Against this background, the significance

of preventing infected knee replacement appears paramount: by preventing the first

infection, one might actually prevent several subsequent failures.

9.3.5 Provider-related factors

The lowest rates of postoperative infections have been reported from specialized

institutions with high annual operation numbers and experience in joint replacement

surgery (Peersman et al. 2001, Phillips et al. 2006, Study I). In general, clinical

studies performed in such settings are considered to present the best case scenario,

but valid data for comparison of the infection rates from specialized institutions with

nationwide figures is lacking.

The purpose of the national register series was to provide a nationwide estimate

of the infection rate and to enable comparisons between different hospitals.

Unfortunately, it turned out that this data cannot be reliably used for these purposes.

Besides the underestimated rate of infections, a serious concern with administrative

register data is the probability of bias related to variable reporting activity and to

differences in treatment strategies (Study II). The unexpectedly low infection rate in

the lowest hospital volume group could be due to lower reporting activity – which
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was the case in the study of Romano and associates (2002). Another explanation is

selection bias related to referral of complicated cases to larger, more specialized

hospitals.

Volume-outcome analyses have demonstrated an inverse relationship between

hospital operation volume and mortality following primary joint replacement

(Shervin et al. 2007). The evidence concerning postoperative infection rate is

inconclusive and the risk of PJI appears to be related rather to surgeon than hospital

operation volume (Muilwijk et al. 2007, Shervin et al. 2007). The postoperative

complication rates, however, level out when a surgeon’s annual operation volume

exceeds the relatively low threshold value of 2–15 primary knee replacements

(Hervey et al. 2003, Kreder et al. 2003, Katz et al. 2004, Muilwijk et al. 2007). In

the single center series, the majority of staff surgeons had very high annual

operation volumes (over 40–60 knee replacements per year), and any further

increase was not found to affect the risk of infected knee replacement.

The superiority of specialized high-volume institutions with respect to

postoperative infections remains unproven. With the currently low complication

rates, the absolute number of complications that could be avoided by means of

centralizing joint replacement surgery is relatively low (Katz et al. 2004, SooHoo et

al. 2006b, Muilwijk et al. 2007). Furthermore, as compared to patient characteristics

operation volumes seem to have slighter effect on the occurrence of adverse

outcomes (Kreder et al. 2003, SooHoo et al. 2006a). Nevertheless, it is probable that

centralizing leads to improved clinical outcomes when it allows surgeons to obtain

enough experience in patient selection and operating technique, and to analyze their

personal outcome.

9.4 Future considerations

With the aging of the population the number of joint replacements will continue to

grow. This development causes the health care system a considerable burden. From

the point of view of postoperative infections aging is not the problem, but comorbid

diseases are. Although progress in the management of comorbid diseases has

increased life expectancy and improved function among elderly people, the

comorbid conditions may compromise the outcome of joint replacement. The
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epidemic of obesity appears to be a special concern. Even with the present rates of

prosthetic joint infections, the burden of prosthetic joint infections has been

predicted to increase dramatically (Kurtz et al. 2007).

Until now the decline in the PJI rate has been achieved by improving the

operating environment and surgical techniques and by introducing antibiotic

prophylaxis (Lidwell et al. 1987, Mangram et al. 1999). Minimally invasive surgery,

novel ways to administer antibiotic locally (such as in biodegradable polymers) and

prostheses with antibacterial surface coating (e.g. with silver) (Mihalko et al. 2008)

are potential ways to further reduce the rates of postoperative infection. The use of

such special techniques is, however, limited to certain patient subgroups, and in

general, supplementary approaches are needed.

Currently, the lowest infection rates are reported from specialized centers. Effort

should be made to achieve these figures more widely. In addition, the present results

motivate controlling patients’ general health and comorbid conditions

preoperatively. Many risk factors related to patient characteristics have been

identified in the literature, but the effects of obesity and hyperglycemia, for

example, have received little attention.

Study IV demonstrated an association between obesity, preoperative

hyperglycemia and infected knee replacement. Preoperative screening for

hyperglycemia appears advisable to identify (obese) patients at risk of PJI.

Moreover, it is intriguing to hypothesize that preoperative controlling or aggressive

perioperative treatment of hyperglycemia could result in a lower infection rate. The

earlier results achieved in the treatment of stress hyperglycemia (Furnary et al.

1999, Lazzeri et al. 2008) cannot be generalized to the relatively healthy patients

undergoing elective orthopedic surgery. Thus, the prevalence of and factors

predicting perioperative hyperglycemia and its association with the postoperative

outcomes in this field of surgery warrant further study.

Very large amount of data will be needed in any further studies on this field to allow

adequate statistical analysis. This study showed that the Finnish Arthroplasty

Register and the Finnish Hospital Discharge Register are not suitable data sources

for the analysis of the incidence of infected knee replacement. As a treatment

approach and reporting activity may affect sensitivity in detecting PJI, pure non-

confirmed data from these registers should not be used in comparisons between

hospitals and hospital districts either.
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Besides multicenter studies, national and regional infection surveillance

programs could be a potential source of data. For a more thorough analysis, these

databases could be linked to arthroplasty registers or – ideally – clinical arthroplasty

databases (e.g. Tekoset register). Although infection surveillance data would resolve

problems related to varying methodologies and definitions, care should still be taken

when using administrative register data not primarily intended for scientific

research. As even prospective infection surveillance programs lack sensitivity to

detect prosthetic joint infections, combining data from all available data sources and

manual case confirmation appear to be the most accurate method to collect data for

the analysis of epidemiology of infected knee replacement.
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10.  Summary and conclusions

1) The 1-year rate of prosthetic joint infections following contemporary

primary knee replacement is less than 1% in a population-based sample.

2) Under optimal operative conditions the rate of infected knee replacement is

mostly determined by patient-related factors. These factors include

(seropositive) rheumatoid arthritis, fracture around the knee, severity of joint

destruction (measured by clinical knee scores or approximated by the

constraint of the implanted prosthesis) and comorbid conditions, including

obesity.

3) Compared to primary knee replacements, the rates of reoperations due to

infection following partial and total revision knee replacement are 3–4 times

greater. Previous infection predisposes to infected revision knee replacement.

A combination of intravenous antibiotic prophylaxis and antibiotic-

impregnated cement may be more effective in the prevention of infected

knee replacement than either method alone. The effectiveness of antibiotic-

impregnated cement seems to be pronounced in revision knee replacement.

4) Preoperative hyperglycemia is associated with higher rate of infected knee

replacement, especially in obese patients.
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Appendix 1

The Medline database (from 1950 onwards) was reviewed in this study. All searches

were initially performed in March to May, 2007 and updated later when necessary.

Basic search

# Search
1 arthroplasty, replacement, knee/
2 knee prosthesis/
3 joint prosthesis/
4 knee/
5 knee joint/
6 knee.mp.
7 endoprosthe$.mp.
8 prosthes$.mp.
9 knee arthroplast$.mp.
10 knee replacemen$.mp.
11 arthroplasty/
12 prosthesis/
13 1 or 2
14 9 or 10
15 (4 or 5 or 6) and (3 or 7 or 8 or 11 or 12)
16 13 or 14 or 15

Exclusion criteria

Studies concerning the incidence of infected knee replacement. Case series reporting

on the outcome of knee replacement e.g. using a specific type of prosthesis were

excluded unless they specially focused on the incidence of postoperative infections.

Several early case series dealing with the outcome of TKR were reviewed to provide

grounds for comparison with more recent studies.

Studies concerning the risk factors of infected knee replacement. In general, case

series were excluded. However, case series were included in the literature if they

reported a high infection rate related to a patient characteristic or perioperative

factor not dealth with in any of the available comparative studies.



125

Reason for revision knee replacement

# Search
16 [BASIC SEARCH]
17 postoperative complications/mi
18 knee prosthesis/ae
19 joint prosthesis/ae
20 arthroplasty, replacement, knee/ae
21 infect$.mp.
22 postoperative complications/
23 reoperation/
24 revis$.mp.
25 23 or 24
26 17 or ((18 or 19 or 20 or 22) and 21)
27 prosthesis-failure/
28 treatment failure/
29 (23 or 28) and 27
30 16 and 29
31 cause.mp.
32 reaso$.mp.
33 indicat$.mp.
34 etiolog$.mp.
35 30 and (31 or 32 or 33 or 34)

Exclusion criteria: papers describing the results of primary knee replacement with a

specific brand or type of prostheses and not specifically focusing on revision

indications were excluded. Studies focusing on revision knee replacement were

excluded unless they specifically focused on indications as well.

Diabetes

# Search
16 [BASIC SEARCH]
17 diabetes mellitus/
18 diabetes mellitus, type 1/
19 diabetes mellitus, type 2/
20 hyperglycemia/
21 diabet$.mp
22 hyperglyc$.mp
23 17 or 18 or 19 or 20 or 21 or 22
24 16 and 23
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Obesity

# Search
16 [BASIC SEARCH]
17 obesity/
18 obesity, morbid/
19 overweight/
20 obes$.mp
21 overweigh$.mp
22 17 or 18 or 19 or 20 or 21
23 16 and 22

Operation volume

# Search
16 [BASIC SEARCH]
17 volume.mp.
18 postoperative complications/
19 surgical wound infection/
20 prosthesis-related infections/
21 cross infection/
22 18 or 19 or 20 or 21
23 16 and 17 and 22
24 from 23 keep 11-20



Appendix 2

Studies reporting on the incidence of infected knee replacement
Study Materials Comments

n Collected in Setting
Definition for infection and
surveillance methodology

Ahlberg and Lundén 1981 267 1972–1978 a general hospital (Malmö
General Hospital, Malmö,
Sweden)

Diagnostic criteria not reported.
Retrospective chart review.

- average follow-up 47 months
- loss to follow-up 4%
- the study concerns the reasons and
outcome of TKR revision
- included as an example of an early
TKR study

Babkin et al. 2007 181 1999–2000 University-affiliated general
hospital (Shaare Zedek Medical
Centre, Jerusalem, Israel)

CDC criteria. Retrospective chart
review.

- 1-year follow-up at minimum
- no loss to follow-up

Bengtson et al. 1991 13,636 1975–1985 Swedish Knee Arthroplasty
Register data.

Sinus tract from the joint, positive
cultures of 3 perioperative
samples, isolation of the same
bacteria from the blood and knee
aspirates and/or growth of same
bacteria in 2 aspirates. Reports
to the arthroplasty register are
made by operating surgeons.

- a nationwide register-based study
- both primary and revision
arthroplasties
- confirmed infections and probable
infections (fewer positive cultures)
were pooled together in the analyses.
- mid- to long-term follow-up
- treatment methods and outcome are
described



Study Materials Comments
n Collected in Setting

Definition for infection and
surveillance methodology

Blom et al. 2004 1,000 1993–1996 Elective orthopedic unit (Avon
Orthopaedic Centre, Bristol,
UK)

No definition for infections
reported. Postal survey or
telephone interview to the patients
plus retrospective review of
patient records.

- average follow-up 6.5 years
- loss to follow-up 3% for primary
and 8% for revision TKR
- comparison to an earlier series
from the same institution (Johnson
& Bannister 1986)

de Boer et al. 2001 4,202 1996–1999 Dutch national nosocomial
infection surveillance network
PREZIES. Data from 63
voluntarily participating
hospitals.

Modified CDC. Prospective
follow-up until discharge. Some
hospitals performed post-
discharge surveillance during the
first postoperative year.

- follow-up only until discharge in
some hospitals
- study showed that higher rates of
SSI were detected with post-
discharge surveillance than without

Cameron and Hunter 1982 700 1969–1978 two Canadian hospitals Not reported. - average length of follow-up not
described
- the study is about mechanisms and
outcome of revision knee
replacement
- included as an example of an early
TKR study

Chesney et al. 2008 1,509 1998–2005 Victoria Hospital, Kirkcaldy,
Fife, UK

Modified CDC criteria. Infections
requiring a secondary procedure
were considered deep. Clinical
follow-up according to predefined
scheme.

- data collected prospectively
- gentamycin-impregnated cement in
all cases
- at 5 years loss to follow-up 7.8%

Cook et al. 2007 3,013 1985–2004 A single surgeon’s series Criteria for infection not defined.
Hematogenous infections
included. Retrospective review of
a single surgeon’s database.

- operation technique described well
- follow-up measures not described
- follow-up methodology and loss to
follow-up not described
- average follow-up 10 years
- no early (<6 months) infections!



Study Materials Comments
n Collected in Setting

Definition for infection and
surveillance methodology

Fan et al. 2008 479 1997–2006 Regional hospital (Alice Ho
Miu Ling Nethersole Hospital,
Hong Kong)

Clinical diagnosis of infection
(according to reported criteria)
involving bone and prosthesis.
Retrospective chart review.

- mid-term follow-up (only 1 month
at minimum)
- operative conditions and
prophylactic measures well
described

Freeman et al. 1973 69 1970–1972 London Hospital Not reported. - average length of follow-up not
described
- included as an example of an early
TKR study

Furnes et al. 2007 5,320 1994–2004 Norwegian Arthroplasty
Register data

Revision knee replacement for the
treatment of infection. Reports to
the arthroplasty register are made
by operating surgeons.

- a nationwide register-based study
- comparison between
unicompartmental and
tricompartmental primary knee
replacement
- up to 10 years of follow-up
- criteria for infection not described

Gastmeier et al. 2005 21,522 1997–2004 German nosocomial infection
surveillance system KISS. Data
from 33 voluntary hospitals.

CDC criteria. Surveillance
methodology is, close to NNIS.

- 1-year infection rates
- investigates development of SSI
rates over time (no changes in
observed in TKR)

Gordon et al. 1990 259 1984–1987 Two US hospitals (a teaching
hospital and a community
hospital)

Presence of purulent drainage at
the surgical site. Infections
involving the prosthesis were
considered deep. Retrospective
chart review.

- length of follow-up not reported
- very thorough description of the
study methodology and operative
conditions

Grogan et al. 1986 821 1971–1982 University-affiliated  medical
center (University of California
at Los Angeles Medical Centre,
Los Angeles, USA)

Positive bacterial culture of knee
aspirate. Retrospective review of
patient records.

- length of follow-up since index
knee replacement not reported
- detailed description of infectious
cases and treatment



Study Materials Comments
n Collected in Setting

Definition for infection and
surveillance methodology

Huotari et al. 2007c 4,217 2001–2004 Finnish Hospital Infection
Surveillance Program (SIRO).
Data from 6 voluntary
hospitals.

CDC, NNIS. - 1-year infection rates
- comparison between unilateral and
bilateral knee replacement

Insall et al. 1979 220 (unknown) Hospital for Special Surgery,
New York, USA

(unknown) - 3 to 5 years of follow-up
- included as an example of an early
TKR study
- evaluated by abstract only

Johnson and
Bannister

1986 471 a five-year
period (prior
to 1986)

an orthopedic hospital (Winford
Orthopaedic Hospital, Bristol,
Avon, UK)

Clinical evidence of deep
inflammation, positive swab
culture and evidence that
infection involves the prosthesis.
Surveillance methodology not
described.

- average follow-up 2.8 years (1 year
at minimum)
- treatment outcome described
- compare to Blom et al. 2004

Kaushal et al. 1976 70 1972–1974 Rush-Presbyterian-St.Luke’s
Medical Center, Chigago, USA

Not defined. - short-term follow-up (average 22
months)
- infected cases described in detail

Knutson et al. 1986 8,000 1975–1983 Swedish Knee Arthroplasty
Register data

Revision knee replacement for the
treatment of infection. Criteria for
infection not described. Reports to
the arthroplasty register are made
by operating surgeons.

- a nationwide register-based  study
- infection rates reported at 6 years
postoperatively
- loss to follow-up ca. 5% at 5 years

Lazzarini et al. 2001 217 1991–1997 A prospective open study on the
efficacy of regional teicoplanin
as antibiotic prophylaxis from a
single Italian centre.

Not reported. Surveillance
according to “General guidelines
for the evaluation of new anti-
infective drugs for prophylaxis of
surgical infections” including 6
follow-up during the first
postoperative year

- 95% of patients received regional
antibiotic prophylaxis (teicoplanin)
- 2-year follow-up
- loss to follow-up not reported



Study Materials Comments
n Collected in Setting

Definition for infection and
surveillance methodology

Peersman et al. 2001 6,489 1993–1999 Hospital for Special Surgery,
New York, USA

Not defined. Retrospective
review.

- patient materials poorly described
- both primary and revision knee
replacements included
- only 14% were superficial
infections
- length of follow-up not reported
- careful description of perioperative
treatment

Phillips and Taylor 1975 83 1966–1972 a single institution in the UK Diagnostic criteria not reported.
Retrospective review with clinical
examination.

- hinged prostheses only
- reports the outcome of hinged knee
replacements
- average follow-up 41 months (min.
6 months)
- included as an example of an early
TKR study

Phillips et al. 2006 4,788 1987–2004 specialist orthopedic hospital
(Royal Orhopaedic Hospital,
Birmingham, UK)

Positive culture of a sample from
inside the joint, radiographic or
hematological evidence of and
clinical features of infection. Only
bacteriologically confirmed cases
were included. Prospective
surveillance.

- mid- to long-term follow-up
(average follow-up not reported)
- loss to follow-up not reported
- no improvement in the infection
rate was observed over time
- infectious cases well described

Poss et al. 1984 2,113 1970–1980 Robert B. Brigham Hospital,
Boston, USA

Not stated. Retrospective review. - length of follow-up not reported
- definition for infection not reported
- microbiological results and
treatment described

Saleh et al. 2002b 1,181 1977–1995 tertiary care facility for veteran
patients

CDC criteria. Prospective
surveillance for 30 days including
post-discharge surveillance.

- only 30-day follow-up for
- microbiological data presented



Study Materials Comments
n Collected in Setting

Definition for infection and
surveillance methodology

Salvati et al. 1982 886 1972–1978 Hospital for Special Surgery,
New York, USA

Serous or purulent drainage for
one week or longer and with the
same pathogen identified in two
separate samples. Retrospective
review of prospectively collected
data.

- length of follow-up 1–7 years
- loss to follow-up not reported
- staged bilateral arthroplasties were
excluded
- the study evaluates the effect of
ventilation on the occurrence of
infected hip and knee replacement

Wilson et al. 1990 4,171 1973–1987 Robert B. Brigham Hospital
and Brigham and Women’s
Hospital, Boston, USA

Purulent material in the knee joint
and positive bacterial culture.
Retrospective review.

- partly overlapping data with Poss
et al. 1984
- cohort poorly described
- length of follow-up not reported

Wymenga et al. 1992 362 1986–1988 multicenter study Positive culture at reoperation or a
sinus tract (confirmed cases).
Additionally cases with strong
evidence of septic arthritis
according to pre-defined criteria
were included in the analyses.
Clinical prospective follow-up.

- secondary analysis from a
randomized controlled trial
comparing the efficacy of one vs.
three doses of cefuroxime as
antibiotic prophylaxis
- patients receiving antibiotic-
impregnated cement excluded (93
knees in total were excluded)
- average follow-up of 12–13
months
- no loss to follow-up



Studies reporting on the factors associated with infected knee replacement
Study Purpose / outcome Design Size (n) * Comments Study

quality †

General risk factor analyses
Babkin et al. 2007 To determine the infection

rate and to detect associated
risk factors.

Retrospective cohort
study.

181 - 1-year follow-up at minimum
- CDC criteria for infections
- both superficial and organ/space infections were
included in the regression analyses
- multivariate analysis performed

II

Berbari et al. 1998 To identify patient
populations at increased risk
of prosthetic infection.

Case-control study
(adjusted for age, sex,
operated joint (knee vs.
hip) and date of
operation).

462+462 - materials from 1969–1991
- hip (n=263) and knee operations analyzed together
- long follow-up, loss to follow-up <10%
- thorough description of the methodology and
definitions
- multivariate analysis performed

III

de Boer et al. 2001 Incidence of SSI and relative
importance of risk factors for
SSI

Retrospective cohort
study using prospectively
collected surveillance
data. Multi-center study.

1,744 - data from 63 hospitals participating the Dutch
nosocomial surveillance system PREZIES
- CDC criteria for SSI
- varying surveillance methodology: some patients
followed only until discharge while in some other
hospitals post-discharge surveillance was performed
for up to 1 year
- superficial and deep SSI were pooled together in
the adjusted analyses

II

Chesney et al. 2008 Risk factors of infection in
TKR performed in a modern
surgical practice.

Prospective cohort study
using computerized data.

1,509 - at 5 years loss to follow-up 8%
- CDC criteria for infections
- exact p values or confidence intervals not reported
- probably insufficient statistical power for most
comparisons
- multivariate analysis not performed as no statistical
differences were observed in univariate analysis

I



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Fan et al. 2008 To determine the infection
rate and define risk factors
of infection in primary TKR.

Retrospective cohort
study.

479 - short-to-mid-term follow-up
- 72% followed for 2 years
- incomplete follow-up in 12% if cases
- unadjusted analysis only

IV

Gastmeier et al. 2005 To investigate the
development of orthopedic
wound infection rates.

Retrospective cohort
study using prospectively
collected surveillance
data (KISS). Multicenter
study.

9,011 - data from 21 hospitals participating the German
national nosocomial infection surveillance system
- 1-year follow-up
- adequately adjusted regression analyses but only a
few variables were analyzed

II

Gordon et al. 1990 Incidence and risk factors of
surgical wound infections
after TKR.

Retrospective cohort
study.

259 - includes 2 superficial infections (10% of all
infections)
- length of and loss to follow-up not reported
- infection defined as presence of purulent drainage
with positive bacterial culture
- thorough description of operative conditions and
risk factor analyses
- multivariate analysis performed in several ways

II

Huotari et al. 2007c To compare patient
populations undergoing
unilateral and bilateral TKR
in terms of deep SSI and
mortality.

Retrospective cohort
study using prospectively
collected surveillance
data. Multi-center study.

4,217 - prospectively collected data from 6 hospitals
participating the Finnish hospital infection
surveillance system SIRO
- CDC definitions, deep incisional and organ/space
infections pooled together; 1-year follow-up
- multivariate analysis performed

II

Lai et al. 2007 To investigate the individual
and cumulative effects of
various types of medical
comorbidities on the risk of
PJI

Case-control study
(adjusted for age, gender
and operated joint (knee
vs. hip)).

52+52 - prospectively collected arthroplasty database data
- both cases and controls include 22 hip replacements
- controls infection free for 1 year postoperatively
- criteria for PJI not reported
- comorbidites analyzed as organ system level
(respitatory, gastrointestinal etc.)
- adjusted analysis performed

III



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Lazzarini et al. 2001 To assess relative
importance of some risk
factors and incidence of
postoperative infection in
patients undergoing TKR

Cohort study. 277 - secondary analysis of an open study on the efficacy
of regional teicoplanin prophylaxis
- number of excluded patients nor reported
- deep infection defined as one requiring reoperation
for treatment
- unadjusted analysis only
- prospective follow-up for 2 years
- loss to follow-up not reported

II

Minnema et al. 2004 To identify risk factors
associated with the
development of SSI
following TKR.

Case-control study
(matched for the date of
surgery).

22+66 - CDC definitions for infections, prospective
infection surveillance
- deep and superficial SSI analyzed together
- 1-year follow-up
- only statistically significant results of the regression
analyzes are presented
- multivariate analysis performed

III

Peersman et al. 2001 Incidence and risk factors of
postoperative infection

Case-control study
(adjusted for age, gender
and month of operation).

113+236 - includes 16 superficial infections
- thorough analysis of 85 separate risk factors (not all
data shown)
- length of follow-up unknown
- definition for infection not reported
- results reported only as p-values (infection rates or
odds ratios)
- logistic regression used to predict infection risk

III

Poss et al. 1984 Factors influencing the
incidence and outcome of
infection following total
joint arthroplasty.

Retrospective cohort
study.

2,113 - length of and loss to follow-up not reported
- no definition for infections or surveillance reported,
microbiological data and treatment were reported
- no statistical data presented
- no adjustment for confounding factors

IV



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Saleh et al. 2002b To analyze correlation
between superficial and deep
infection, and to identify
manageable intra- and
postoperative factors that
predispose to SSI.

Case-control study
(adjusted for operated
joint (knee vs. hip), sex.
All controls had >5 years
of follow-up.

33+64 - case identification based on prospective infection
surveillance
- CDC definition, 30-day follow-up only
- includes 14 cases with superficial infection, and 8
superficial SSI following hip replacement
- risk factors presented separately for hip and knee
replacement but without statistical data
- in the regression analyses (incl. multivariate
analysis) hip and knee replacements were pooled
together

III

SooHoo et al. 2006 To examine the role of a
variety of patient and
hospital characteristics in
determining adverse
outcomes following TKR.

Retrospective cohort
study using register-
based data.

222,684 - data consists of discharge abstracts reported to an
administrative register
- infections defined as readmissions with appropriate
ICD-9 diagnosis code during the first 90 days
postoperatively
- multivariate regression analysis performed

II

Syahrizal et al. 2001 To determine crude rate of
SSI of TKR and factors
associated with it.

Unclear (case-control
according to the authors,
but appears rather as a
retrospective cohort
study)

100
(in total)

- 36 out of 136 eligible cases excluded
- 12-month follow-up at minimum
- states that case-control setting was used but the
number of control patients or methods for their
selection were not reported
- very limited statistical data reported
- no adjustment for confounding variables
- no definition for infections reported

III

Wilson et al. 1990 To identify certain risk
factors for infection and
describe their relationship
with the outcome of
treatment.

Retrospective cohort
study with an embedded
case-control analysis
(adjusted for diagnosis,
age, sex and the number
of previous operations)

4171,
61+122

- infection defined as presence of purulent drainage
with positive bacterial culture
- univariate analysis only
- length of follow-up not reported

II–III



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Wymenga et al. 1992 To identify perioperative
and patient-related factors
accosiated with septic
arthritis.

Cohort study. 362 - a secondary analysis of a cohort from a randomized
clinical trial concerning the efficacy of different
antibiotic prophylaxis regimens.
- 93 of 455 eligible knees were excluded from the
study for various reasons
- 1-year follow-up only, no loss to follow-up
- multivariate regression analysis performed
- adequate definition for infections

II

Studies focusing on specific risk factors
Abudu et al. 2002 To quantify the risk of deep

prosthetic infections in
patients who develop
perioperative wound
infections, and to identify
factors that predispose to PJI
after wound infections.

Case series of patients
with wound infection
following total hip or
knee replacement.

78 - includes 41 hip replacements
- no control group without wound infections
- CDC criteria for SSI, PJI defined following the
criteria used by Bengtson and Knutson 1991
- short-term follow-up
- unadjusted analysis only, no statistical data reported

IV

Asensio et al. 2005 To investigate the effect of
low molecular weight
heparin as prophylaxis for
DVTin patients at risk of
developing SSI after knee
replacement.

Case-control study
(random sample)

18+46 - includes 11 incisional and 7 organ/space infections
- separate analyses for all SSI and PJI
- prospective surveillance using CDC/NNIS
definitions and methodology, 1-year follow-up
- many risk factors (defined well) besides the use of

low molecular weight heparin were analyzed
- multivariate analyses performed

III

Byrne et al. 2007 To determine incidence of
perioperative contamination
in cemented total joint
replacement, and to assess
medium-term outcome in
patients with confirmed
intraoperative wound
contamination.

Prospectively collected
case series.

80 - includes 55 total hip replacements
- thorough evaluation to detect possible
intraoperative bacterial contamination
- no deep infectionsà correlation between wound
contamination and PJI could not be analyzed
- mid-term follow-up (average 50 months)
- only little statistical data reported, no control group,
unadjusted analysis only

IV



Study Purpose / outcome Design Size (n) * Comments Study
quality †

David and Vrahas 2000 To identify perioperative
risk factors associated with
bacterinuria that have a
positive correlation with
deep joint sepsis following
total hip or knee
replacement.

Non-systematic review
of literature

– - presents results from a non-systematic literature
review (of case series in most cases) with expert
opinion and suggestions for clinical practice

IV–V

Drancourt et al. 1997 The effect of psoriasis on the
occurrence of infected total
joint replacement.

Case-control study
(unadjusted)

86+202 - cases are infected hip or knee replacements treated
in one institution but operated previously in several
other hospitals
- cases include include 49 hip prostheses
- control patients were selected from a cohort of
patients undergoing primary total joint replacement
in one institution during an earlier period
- unadjusted control selection and statistical analyses
- p value/confidence intervals not presented for TKR
- length of follow-up not reported

III

Gaine et al. 2000 To detect early and delayed
(clinical) problems,
particularly deep infection,
resulting from wound
complications.

Cohort study with
embedded case-control
study (matched by age,
gender, medical status
and presence/absence of
RA)

530,
82+82

- prospective study, no exclusions
- includes 229 TKR and 301 THA
- regular evaluation and grading of all wounds
(discharge, inflammation, hematoma) until discharge
10–14 days postoperatively
- unadjusted analysis only, limited statistical data
- length of follow-up not reported
- the rate of PJI following wound-healing
complications was not clearly reported and was not
compared between healthy and complicated wounds
- wound grading system not validated
- frequent evaluation of even uncomplicated wounds
may lead to overestimation of wound complication
rate

IV ‡



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Glynn and
Sheehan

1984 To determine the incidence
of bacterinuria and its
relation to the age of patient
and result of total hip or
knee replacement.

Case series 299 - less than 10% of patients had TKR
- poor description of patient materials
- the length of short follow-up was not reported
- no definition for infections reported
- no statistical analysis

IV

Horne et al. 2008 To assess the influence of
preoperative intra-articular
corticosteroid injections on
the incidence of wound
healing problems and
infection in patients
undergoing TKR.

Case-control study
(random sample)

38+352 - both wound healing problems and wound infections
were included in the case group and were identified
from computerized medical records
- data concerning preoperative use of intra-articular
corticosteroids and several other factors were
collected using a postal survey (70% replied)
- the study design introduces potential for recall bias)
- definition for infections and wound-healing
problems not reported
- univariate analysis only

III

Joshy et al. 2006 To discover any relation
between deep infections
following TKR and use of
intra-articular steroid
injections prior to the
arthroplasty.

Case-control study
(adjusted for year of
operation, age, gender,
ASA risk score, arthritis
diagnosis)

32+32 - case patients had undergone reoperation for the
treatment of a bacteriologically confirmed deep
infection
- unadjusted analyses only, probably insufficient
statistical power
- mid-term follow-up

III

Papavasiliou et
al.

2006 To determine the rate of
infection following TKR and
to correlate this with the
preoperative use of intra-
articular steroids.

Retrospective cohort
study

144 - all cases operated using a single prosthesis
- patients with missing case records (n=20), diabetes,
immunosuppression, inflammatory arthritis or history
of smking, infection around the knee or previous
open knee surgery (in total, n=67) were excluded
- poor descriprion of the groups under comparison
- well defined criteria for superficial and deep SSI
- 1-year follow-up for deep SSI
- unadjusted analysis only

II



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Parker et al. 2008 To evaluate the effectiveness
of closed suction drainage
systems in orthopedic
surgery.

Systematic review of
literature of randomized
and quasi-randomized
trials comparing closed
suction drainage with not
using drainage in
orthopedic surgery.

882 - 8 studies of knee replacement included in the
analysis of deep SSI and 9 in the analysis of all SSI
- studies published prior to March 2006 were
included
- criteria for infection not reported
- relatively few infections even in the pooled data
- length of follow-up unclear

I

Parvizi et al. 2003 To review the results of total
hip and knee replacements
in patients infected with
human immunodeficiency
virus infection

Case series based on
prospectively collected
data.

21 - includes 8 hip replacements
- long-term follow-up (average 10 years)
- no definition for infection reported, bacteriological
data and treatment described shortly
- N.B. refererences to earlier literature
- risk of infection correlates with CD4 count

IV

Parvizi et al. 2007 To investigate the
correlation between
anticoagulation and
periprosthetic infections.

Case-control study
(matched for diagnosis,
type of prosthesis, mode
of fixation, surgeon,
height, weight, age, sex,
and year of surgery)

78+156 - well established criteria for deep infection
- length of follow-up not reported
- includes 35 cases with total hip replacement and
also some patients undergoing revision arthroplasty
- provides data on several other risk factors besides
the type of anticoagulation
- multivariate analysis performed “after adjusting for
the various variables”

III

Sachs et al. 2003 The effect of low-dose
warfarin compared to no
antithrombotic prophylaxis
on the early outcome of
TKR.

Retrospective cohort
study.

1,742 - 785 treated without thromboprophylaxis vs.  957
patients receiving low-dose warfarin (6 weeks)
- the two groups were operated by different surgeons
(3 surgeons not using antithrombotic medication, 4
using warfarin)
- number of excluded patients not reported
- no definition for infections
- patient materials poorly described
- 90-day follow-up only
- unadjusted analysis only

III



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Shih et al. 2004 To review the surgical
outcome of TKR in patients
with cirrhosis and to identify
the risk factors leading to
morbidity and mortality.

Case-control study
(adjusted for age, gender
and date of surgery)

51+51 - mid-term follow-up, loss to follow-up 15%
- definition for infection not reported
- unadjusted analysis only
- includes an analysis of risk factors of infections in
this patient population
- the only study on the subject (according to the
authors)

III

Silva and Luck 2005 To evaluate the results of
primary TKR in a group of
patients with hemophilia.

Case series 90 - 2-year follow-up
- no definition for infections reported, but
microbiological data and treatment details are
presented
- most infections occurred relatively late
- N.B. references to literature

IV

Tannenbaum et
al.

1997 Results of total joint
replacement in patients
treated with immuno-
suppressive agents after
organ transplantation.

Case series 35 - includes only 4 TKR
- 29 joints in patients with renal transplantation, and
7 joints in patients with liver transplantation
- there were no infections in the 8 cases where
arthroplasty was performed before organ
transplantation compared to 5/27 infected when
arthroplasty was performed after joint replacement
- N.B. the references to earlier literature

IV

Waldman et al. 1997 To define the risk of infected
TKR associated with dental
surgery.

Case series 3,490 - analysis of late infections related to dental
procedures
- long follow-up with little loss to follow-up
- no definition for infections and no statistical data
presented
- study design does not allow analysis of the risk of
SSI related to dental procedures

IV



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Obesity
Amin et al. 2006a Influence of morbid obesity

on the outcome of TKR.
Case-control study
(adjusted for age, gender,
diagnosis, prosthesis
type, laterality and
preoperative knee scores)

41+41 - probably overlapping data with Amin et al. 2006b
- deep infection defined as one requiring reoperation
for treatment
- too few cases to statistically compare infection rates
- mid-term follow-up

III

Amin et al. 2006b Clinical outcome and
complications in obese
patients.

Retrospective cohort
study using prospectively
collected data.

370
(clinical
data
available
for 328)

- loss to follow-up 12%
- separate analyses for the effect of weight and BMI,
and for female patients
- PJI defined as one requiring reoperation for
treatment
- unadjusted analyses only

II

Foran et al. 2004 Clinical and radiographical
results of TKA

Case-control study
(adjusted for age, gender,
length of follow-up, and
laterality)

78+78 - only 1 type of prosthesis used
- follow-up up to 7 years
- poor description of the infected cases
- unadjusted analysis only

III

Miric et al. 2002 To evaluate whether obese
patients are subject to a
higher incidence of
perioperative complications.

Retrospective cohort
study.

512 - all knees operated by a single surgeon using one
specific type of prosthesis
- length of follow-up 18–42 months, loss to follow-
up not recorded
- unadjusted analysis only
- definition for infection not reported

II

Namba et al. 2005 Incidence of obesity; the
effect of higher BMI on
perioperative morbidity.

Cohort study. 1,813 - register-based data (Kaiser Permanente Health
Plan)
- infections treated operatively were considered deep
infections
- 1-year follow-up for complications
- unadjusted analysis only

II



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Spicer et al. 2001 Effect of BMI on TKA
outcome and survival

Case-control study
(adjusted for age, gender,
diagnosis, and deformity)

326+425  - lost to follow-up 16%
- 2 deep infections (0.3%) only
- mid-term follow-up
- definition for infection not reported

III

Winiarsky et al. 1998 Clinical outcome in
morbidly obese patients

Retrospective cohort
study.

1,818 - 50 knees in morbibly obese patients compared to
the remaining 1,768 knees in not morbidly obese
patients
- mid-term follow-up, loss to follow-up not reported
- unadjusted analysis only
- definition for infection not reported but the infected
cases are described in detail

II

Diabetes
Meding et al. 2003 Clinical and radiographic

outcome, survivorship and
complications in patients
with diabetes.

Retrospective cohort
study.

5,220 - only one specific type of prosthesis used
- cefuroxime-impregnated cement used in 95%
- mid-term follow-up
- no definition for infections reported
- unadjusted analysis only, exact p values not
reported
- separate analysis on the effect of insulin therapy

II

Serna et al. 1994 Influence of diabetes on the
results of TKR.

Case-control study
(adjusted for age, gender,
diagnosis, length of
follow-up, mode of
fixation, and
preoperative deformity)

53+53 - 10 patients with diabetes were lost to follow-up
(19%)
- mid-term follow-up (2 years at minimum)
- separate analyses for insulin-dependent and non-
insulin-dependent patients
- no definition for infections reported
- no statistical data presented

III



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Provider-related factors
Cram et al. 2007 To compare characteristics

and outcomes of patients
undergoing major joint
replacement in specialty
orthopedic and general
hospitals.

Retrospective cohort
study using register-
based data.

99,765 - Medicare data
- operations performed in 38 specialty orthopaedic
hospitals were compared to operations performed in
regionally matched general hospitals
- readmissions for infection (according to diagnosis
codes) were recorded; 90-day follow-up only
- includes comparison of patient materials, but the
observed differences in patient materials were not
accounted for in the comparison of infection rates.

II

Hervey et al. 2003 The analyze the association
between surgeon and
hospital caseload volume
and outcomes following
TKR.

Retrospective cohort
study using register-
based data.

55,510 - register data based on discharge abstracts
(Healthcase Cost and Utilization Project Nationwide
Inpatient Sample)
- both primary and revision TKR reviewed,
hospitalizations with >1 operation (e.g. bilateral
arthroplasties) excluded
- complications detected by their ICD-9-CM
diagnosis codes (postoperative infection); follow-up
only until discharge
- adjusted analysis performed

II

Katz et al. 2004 To examine the association
between hospital and
surgeon procedure volume
on complications after TKR.

Retrospective cohort
study using register-
based data.

80,904 - Medicare data; 90-day follow-up only
- deep infections detected by ICD-9-CM diagnosis
codes and appropriate surgical procedure code
- adjusted analyses performed

II

Kreder et al. 2003 To determine factors,
including surgeon and
hospital volume, related to
complication rates after
elective TKR.

Retrospective cohort
study using register-
based data.

14,352 - data from health insurance register and  health
information register
- primary outcome readmission due to a
complication, infections detected by their ICD-9
diagnosis codes
- 3-year follow-up at minimum for all patients
- adjusted analyses performed

II



Study Purpose / outcome Design Size (n) * Comments Study
quality †

Muilwijk et al. 2007 To examine the association
between hospital and
surgeon operation volume
and the risk of SSI.

Retrospective cohort
study based on
prospectively collected
nosocomial infection
surveillance data.

6,357 - data from 29 hospitals (231 surgeons) participating
the Dutch infection surveillance network PREZIES
- number of excluded cases not reported
- both superficial and deep SSI included
- includes analyses for 9 different surgical procedures
- CDC definitions, 1-year follow-up
- adequate adjustment for confounding variables

II

SooHoo et al. 2006b To examine the relationship
between hospital surgical
volume and the complication
rates 1 year after TKR.

Retrospective cohort
study using register-
based data.

222,684 - data based on discharge abstracts of non-federal
Californian hospitals (Office of Statewide Health
Planning and Development)
- 90-day to 1-year follow-up
- readmissions for infection (according to ICD-9
diagnosis codes) were recorded
- adjusted analysis performed

II

*, for case-control studies reported as the number of cases + number of controls; †, according to to the criteria used by the Journal of Bone and Joint Surgery (Wright et al.
2007); ‡, study quality II for clinical outcome, IV for the analysis concerning the relationship between wound contamination and PJI



Appendix 3

This appendix lists the diagnosis codes (according to ICD-10) and surgical

procedure codes (according to the Finnish version of the Nordic Medico-Statistical

Committee classification, see http://www.nordclass.uu.se/verksam/ncspe.htm) used

to identify reoperations performed due to infection in Studies II and III.

Diagnosis codes

A40x Streptococcal sepsis
A41x Other sepsis
A46 Erysipelas
A49 Unspecified bacterial infection

T81.4 Postoperative infection
T84.5 Infection and/or inflammation related to joint endoprosthesis

Surgical procedure codes

NFQ20 amputation of femur

NGC00 exchange of a loose part of prosthesis in knee joint
(partial revision knee replacement)

NGC20–40 secondary implantation of prosthesis in knee joint
(revision knee replacement)

NGC60 exchange or addition of patellar part (of a prosthesis in knee joint)

NGC99 other or unspecified secondary prosthetic replacement in knee joint

NGG30,34 fusion of knee joint with internal/external fixation
(arthrodesis)

NGU00 removal of prosthesis from knee joint
(resection arthroplasty)

NGF20,25 open/arthroscopic débridement

http://www.nordclass.uu.se/verksam/ncspe.htm)
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hospital infection register failed to detect 6 of the 24 prosthetic joint infections. Increased rate of
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prosthetic joint infections in contemporary knee arthroplasty is low and mainly related to patient-
related factors, of which patient comorbidity has the most profound effect on the infection rate.
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Despite improvements in operative environment and
surgical techniques, postoperative infections remain one
of the most devastating complications of knee arthro-
plasty affecting slightly less than 1% of patients under-
going primary knee surgery [1-3]. The experience of a
health care provider, as measured by the annual
volume of operations per hospital and per surgeon,
has been reported to associate with the rate of post-
operative complications [4-7] and even clinical outcome
[7]. These results have prompted attempts to improve
outcomes by centralization.
In recent years, the growing demand for reconstruc-

tive joint surgery has compelled hospitals to improve
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district serving an area of approximately 470 000
inhabitants. Besides the goal to improve the efficacy,
effort was taken to minimize the rates of postoperative
complications by optimizing the operative environment
and treatment protocols.
The purpose of the present study was to analyze the

incidence of postoperative infections in this setting using
meticulous case-finding methodology. In addition,
factors associated with increased rate of infections
were studied. On the basis of the present results, it is
hypothesized that, under optimal operative circum-
stances, the rates of postoperative infections are deter-
mined mainly by patient-related risk factors.
Materials and Methods
The hospital is a publicly funded tertiary care center,

situated on the university hospital campus, and is
responsible for providing all publicly funded joint
arthroplasty surgery within the hospital district area.
The hospital started operations in September 2002. The
annual operative volume was 1494 joint arthroplasty
operations in 2003 and 2943 in 2006. The hospital is the
only one performing joint arthroplasty surgery within its
hospital district and also the only referral center for
patients presenting with a suspected complication of
joint prosthesis. Therefore, the probability that patients
with an infectious complication would end up in any
other hospital for treatment is negligible.
From the beginning of hospital operative activity in

September 2002 until March 2006, a total of 2647
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elective primary knee arthroplasties (3137 knees) were
performed on 2443 consecutive patients. These patients
represent an unselected cohort of patients with an end-
stage knee destruction requiring knee arthroplasty
operation. Patient demographics and preoperative data
are described in Table 1. The general health and
condition of the patients were carefully evaluated during
a preoperative visit 1 to 3 weeks before the operation. All
possible sites of ongoing infections (eg, urinary tract,
teeth, skin ulcers) were strictly treated before the
operation was scheduled.
The operations were performed in modern operation

theaters with vertical laminar air flow. Most of the
operations were performed under regional anesthesia.
One dose of intravenous cefuroxime was routinely
administered upon induction of anesthesia. Simulta-
neous bilateral knee arthroplasty was performed in
490 cases (19%). There were 296 (9%) unicompart-
mental and 2841 total knee prostheses. Of the total
knee arthroplasty implants, 977 (34%) were cruciate
retaining, 1691 (60%) were cruciate substituting,
141 (5%) constrained condylar type, and 29 (1%)
were hinged implants. Patella was resurfaced in 31% of
cases. Except for 214 (7%) cementless tantalum tibial
Table 1. Patient Demographics and Preoperative Data

Patient Demographics
(n = 2647; for Joint-Level Data, n = 3137)

Percentage of Cases
or Median (Range)

Age (y) 70 (35-97)
b60 y 16.4
60-70 y 27.0
70-80 y 42.4
N80 y 14.3
Sex, female 70.4
BMI (kg/m2) 29.9 (16.7-49.5)
ASA risk score
ASA 1 4.6
ASA 2 50.5
ASA 3 43.4
ASA 4 1.4
Diagnosis
Primary or secondary osteoarthritis 91.7
Rheumatoid arthritis 4.5
Other arthritis 0.6
Sequels after fracture 2.0
Other 1.2
Previous open surgeries
None (including arthroscopies) 84.4
Open meniscectomy 8.9
Osteotomy 2.9
Osteosynthesis for fracture 1.6
Other 2.1
Preoperative clinical status
Range of motion 106 (0-155)
KSS score 45 (0-100)
KSS pain score
Mild or no pain 7.1
Moderate pain 83.8
Severe pain 8.5

BMI indicates body mass index; KSS, Knee Society Score.
components, all components were fixed with gentami-
cin-impregnated bone cement. The mean total opera-
tive time was 111 minutes (49-350 minutes) in
unilateral and 207 (91-402) minutes in bilateral
procedures. A suction drain was routinely left in the
joint and removed during the first postoperative day.
The length of the postoperative hospital stay was 3 days
on average (range, 1-22 days), after which, most
patients were transferred to outside hospital or health
care center ward for rehabilitation.
The operations were performed by 40 surgeons, 22 of

whom were residents in training. Residents were always
under direct supervision of a senior surgeon. Senior joint
surgeons operated 82.2% of the knees, and half of the
operations were performed by surgeons whose annual
number of primary knee arthroplasty operations exceeds
90. The operating surgeons and sterile theater staff wore
indicator double gloving and ventilated surgical helmets
(Personal Protection System; Stryker, Kalamazoo,Mich).

Data Sources
Postoperative infections were traced initially from the

files of local hospital infection register. The register
collects data in a prospective manner according to
national guidelines, based on Centers for Disease
Control and Prevention (CDC) [8] definitions and
National Nosocomial Infection Surveillance System
methodology [9,10].
Revision knee arthroplasties performed because of

infection were detected from the local hospital database
Tekoset, in which preoperative, perioperative, and
follow-up data on all operations was prospectively
registered [11]. Information concerning subsequent
readmissions to the operating hospital or to the adjacent
university hospital and minor reoperations was searched
from the administrative patient database of the hospitals.
Data from these 3 partly overlapping sources were

combined to maximize the sensitivity in the detection of
infected cases. Records of all patients with a suspected
postoperative infection were manually reviewed by one
of the authors who verified the computerized data and
additionally recorded data concerning diagnostics, treat-
ment, and outcome.

Statistical Methods
The primary outcome was occurrence of prosthetic

joint infection within the first postoperative year. Pros-
thetic joint infections were defined according to CDC
criteria [8]. Infections restricted to skin and subcutaneous
tissue (superficial wound infections inCDC classification)
and those affecting muscle or fascia but not extending
into the joint cavity (deep wound infections) are referred
to as superficial infections. A similar classification has
previously been used by Phillips et al [2].
Death (n = 25) or any operative procedures involving

the operated joint (revision or, eg, isolated exchange of
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tibial insert or secondary patellar resurfacing, n = 19) for
aseptic reasons were considered end points of follow-up.
Patients with such events were excluded from further
analyses. For the remaining patients, the minimum
follow-up was 6 months.
Results are presented as frequencies or as medians

with range. χ2 test or Fisher exact test was used to
compare categorical variables. For continuous vari-
ables, independent samples Mann-Whitney or Kruskal-
Wallis nonparametric tests were used. Binary logistic
regression was used to analyze the factors associated
with increased infection rate. All possible explanatory
variables were first tested in univariate model. Age,
sex, diagnosis, and American Society of Anesthesiolo-
gists (ASA) risk score were selected for primary
adjusted analyses. However, because age did not
show statistically significant association with infection
rate (Table 2), it was excluded from the further
analyses to restrict the number of variables in the
model. Thus, in the final logistic regression analyses,
the variables were tested one at the time with
adjustment for sex, diagnosis, and ASA score. The
results of regression analyses are presented as odds
ratios (ORs) and their 95% confidence intervals (CIs).
All analyses were performed using SPSS for Windows

14.0 statistical software package. P b .05 was considered
statistically significant.
Table 2. The Association of Patient Demographics on the Prosthe
With the Prosthetic Joint Infection Rate in the Adjusted Analysis

Patient Demographics*

Age Per 10-y increment
Sex Female

Male
Diagnosis Osteoarthritis

Rheumatoid arthritis
Other diagnosis

ASA risk score ASA 1 or 2
ASA 3
ASA 4

Factors Significantly Associated with
Prosthetic Joint Infection Rate

Body mass index Per 5 kg/m2 increment
Preoperative total KSS Per 10-point increment
Preoperative KSS pain score Per 5-point increment
Preoperative range of motion Per 10° increment
Fixation methods Cemented

Hybrid with cementless tibia
Length of operation* Per 10-min increment
Perioperative blood loss* Per 100-mL increment

PJI indicates prosthetic joint infection; KSS, Knee Society Score.
*Analyses performed using operation-level data.
yAge, sex, diagnosis, and ASA risk score are all included in the multiva
Results
Twenty-four prosthetic joint infections occurred

within 1 year, 6 of which were not recorded in the
prospective surveillance data of the hospital infection
register. Two prosthetic joint infections occurred more
than 1 year after the primary arthroplasty and so were
not included in the present data analysis.
At 1 year postoperatively, the rate of prosthetic joint

infections among the 2495 prostheses with 1-year
follow-up was 0.80%. With the number of patients as
a denominator, the rate was 0.95%. Prosthetic joint
infection was diagnosed in 4 (0.62%) of the remaining
642 prostheses with only 6- to 12-month follow-up. The
number of superficial wound infections was 83 (2.90%).
Ninety-two percent of the prosthetic joint infections

were confirmed by positive bacterial culture. Staphylo-
coccus aureus (n = 11), coagulase-negative staphylococci
(n = 6), and streptococci (n = 6) were the most
frequently detected pathogens. Eight infections (33%)
were polymicrobial. Half of the prosthetic joint infec-
tions were diagnosed within 30 days of the operation
and 63% by 3 months postoperatively. However, all of
them were diagnosed first after discharge from the
operating hospital.
All patients with prosthetic joint infection were treated

with intravenous antibiotics and had some type of
surgical intervention. In 5 patients, the infected prosthesis
tic Joint Infection Rate and the Factors Significantly Associated

PJI (%)

Multivariate Analysisy
OR 95% CI

– 0.98 0.94-1.03
0.64 1
1.53 2.54 1.12-5.78
0.82 1
2.54 2.99 0.84-10.56
0.97 1.11 0.15-8.53
0.41 1
1.39 3.89 1.41-10.67
5.26 13.97 2.55-76.71

PJI (%)

Analysis Adjusted for Sex,
Diagnosis, and ASA Risk Score

OR 95% CI

– 1.50 1.03-2.18
– 0.78 0.62-0.99
– 3.06 1.23-7.60
– 0.81 0.66-0.99
0.69 1
1.87 3.60 1.17-11.10
– 1.08 1.01-1.16
– 1.14 1.03-1.26

riate model.
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could be salvaged with early debridement, but the
remaining 19 patients had their infected prostheses
removed. The overall prosthesis salvage rate was 22%
(5/24). Sixteen patients later had further surgery with
implantation of new total knee prosthesis. Two patients
died before the second-stage procedure, and in one case,
comorbid medical conditions precluded performing the
second-stage procedure, and the resterilized prosthesis
spacer was left in the knee to remain as a permanent
solution. There were no lower limb amputations or
deaths due to infection in this series.
Male sex and ASA risk score higher than 2 associated

with increased rate of infections, whereas age had no
independent effect (Table 2). Patients with rheumatoid
arthritis had more prosthetic joint infections than
patients with osteoarthritis (2.54% vs 0.82%), but in
the adjusted analysis, the difference did not reach
statistical significance (P = .090). Diagnosis was, how-
ever, used in the adjusted analyses besides sex and ASA
risk score because of probable type 2 error.
Table 2 presents the factors that showed statistically

significant association with prosthetic joint infection
rate in the adjusted regression analyses. Although only
1 (0.34%) of the 296 unicondylar knee prostheses
became infected, in contrast to 23 knees after total
knee arthroplasty (0.81%), the difference was not
statistically significant in the adjusted analysis (OR,
0.51; 95% CI, 0.07-3.88). The infection rates of
unconstrained condylar (either cruciate retaining or
cruciate substituting) and hinged total knee implant
types were 0.72% and 3.85%, respectively, but again,
the difference was not statistically significant (OR, 4.11;
95% CI, 0.46-36.47). Prosthetic joint infections were
equally frequent after unilateral (0.8%) and simulta-
neous bilateral (0.7%) procedures (adjusted OR, 1.25;
95% CI, 0.50-3.13). Earlier open knee surgeries,
experience of operating surgeon (resident, fellow,
senior), patellar resurfacing, use of bone grafts, blood
transfusions, day of arrival to the hospital, and year of
operation did not associate statistically with the
prosthetic joint infection rate.
Discussion
We have performed a meticulous surveillance of

1-year postoperative infection rates in a recent series
of primary knee arthroplasties performed in a modern,
specialized, high-volume institution and report 2.9%
and 0.80% superficial and prosthetic joint infection
rates, respectively. The patient material consists of a
nonselected series of consecutive patients with no
exclusions for any reasons and reflects well the popula-
tion undergoing primary knee arthroplasty surgery in
Finland in general.
There has been a marked decline in the postoperative

infection rate over the last 2 to 3 decades [1,3,12-16],
which has been considered to be due to improvements
in operating room environment and operative techni-
ques. Simultaneously, with the decline in infection rate,
there has been a huge increase in the annual operation
volumes. Several studies with a focus on the volume-
outcome association suggest that increase in surgeon or
hospital operative volume results in fewer postoperative
complications [4-7]. It is possible that the increased
number of operations has contributed to the decline in
the postoperative infection rate.
In the present study, data were collected prospectively

in the hospital infection register in which the definition
of infection was based on established criteria [8] and
surveillance methodology [9,10]. Even such routine
surveillance seems to be insensitive in detecting pros-
thetic joint infections [10]. Thus, combining data from
different sources and a manual review of all identified
patient records probably leads to the most reliable
recording of infectious complications and helps to
classify them correctly. Earlier studies that base their
infection rates on routine recording of septic complica-
tions may therefore have underestimated the true
infection burden.
Our infection rates compare well with other recent

reports from specialized institutions [1,2] and are
slightly better than 1.3%, which has been estimated to
be the nationwide incidence of knee prosthesis infection
in Finland [17]. Direct comparisons between different
studies are, however, not reliable because of consider-
able differences in study methodology, rigor of surveil-
lance, and definition of infections (Table 3). When
provider-related risk factors of postoperative infection
are minimized, a number of patient-related factors turn
out to be decisive. Therefore, the comparisons between
different studies and clinics need careful acknowledge-
ment of the patient case mix.
Even though our basic study population is fairly large,

the low number of infection cases restricts the possibi-
lities of advanced statistical analyses of the patient-
related factors predisposing to infection. Nevertheless,
our results support the general perception of the
increased risk for infection in patients with rheumatoid
arthritis and with a high ASA risk score, obesity, and
prosthesis constraint [1,12,14,19]. Relatively healthy
patients (ASA 1 or 2) with osteoarthritis had infection
rate of 0.45% only. Furthermore, poor preoperative
clinical state of the patient, as measured by Knee Society
Score, pain score, and range of motion and technical
difficulty (prolonged operation and excess blood loss)
are associated with increased infection rate.
Of these patient-related risk factors, obesity is of special

interest because it is potentially modifiable. Prevalence
of obesity is higher among knee arthroplasty recipients
than in general population, and it has increased by 50%
in 15 years [20]. In the present series, only 15% were
considered normal weight (body mass index b25). Some



Table 3. Recent Reports on Infection Incidence After Knee Arthroplasty

Report Methodology
Definition of
Infection

Length of
Follow-Up

Operations Operation
Volume
Per Year

Prosthesis
Infection
Rate (%)n

Year
Performed

Clinical reports
Peersman

et al
2001 [1] Retrospective review Not stated,

treatment given
for all

3 mo 6489* 1993-1999 927* 0.39

Blom et al 2004 [16] Postal survey, review
of patient records

Patient reported
antimicrobial or
operative treatment
of infection

6.5 y 931 1993-1996 239 0.97

Phillips et al 2006 [2] Prospective surveillance Microbiologically
confirmed infection

3 y
or more

4788 1987-2001 319 0.86

Multicenter data
Huotari et al 2006 [3] Prospective surveillance,

NNIS
CDC 1 y 4217 2001-2004 1054 for

6 hospitals
in total

0.9y

Furnes et al 2007 [18] National arthroplasty
register

Revision due
to infection

Up to
10 y

UKA: 2188 1994 - UKA: 0.22
TKA: 3032 TKA: 1.22

Present study 2007 Retrospective review of
prospectively collected
data from 3 databases
with confirmation
of records

Modified CDC 1 y 2647 2002-2006 739 0.9

NNIS, National Nosocomial Infection Surveillance System; UKA, Unicondylar Knee Arthroplasty; TKA, Total Knee Arthroplasty.
*Includes revision knee arthroplasties.
yCombined rate for deep incisional and organ/space surgical site infections.
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reports on the outcome of knee arthroplasty in obese
patients have found no difference in the postoperative
infection rate [19,21,22], and it is unclear whether
obesity per se increases the risk of infected knee
arthroplasty. Many infections in morbidly obese patients
are related to problems in wound healing [23]. In the
remaining patients, the infection rate may be mediated
by diabetes and nondiabetic hyperglycemia [24].
The only prosthesis-related factor increasing statisti-

cally significantly the risk of postoperative infection was
the use of cementless tantalum tibial components. These
prostheses were used according to surgeon's preference,
mostly in younger active patients with good bone
quality, that is, in patients otherwise at very low risk of
a postoperative infection. Tantalum has been shown to
have antimicrobial properties [25], but on the other
hand, it has a huge surface area because of its porous
surface structure, which may increase the probability of
bacterial adhesion and growth. To the authors' know-
ledge, no clinical reports describing the results of
tantalum tibial components have been published. In a
register-based study [26], cementless compared with
cemented tibial components were associated with an
increased rate of septic reoperations, but few knees with
tantalum components were included. Thus, this is a
previously unreported finding that certainly warrants
further research.
We acknowledge that with longer follow-up time,

more infections will accumulate. However, it may be
difficult to prove any link between these late infections
and the index surgery because the probability of
infections caused by hematogenous spread of bacteria
increases with the length of follow-up. Most infections
occur within the first preoperative year [2,6]. We
therefore believe that limiting the follow-up time to
1 year gives a justified estimate of the incidence of
postoperative infection where the source of bacterial
contamination lies in the perioperative and early post-
operative events. This view is also in accordance with the
definitions used in surgical site infection surveillance
programs for cases where foreign material is implanted
in human tissue [8-10].
Finally, it is concluded that the rates of prosthetic and

superficial infection were low in our specialized high-
volume hospital setting. This may be related to high
operation volume and dedicated personnel, up-to-date
operating room environment, strict preoperative clinical
evaluation, and treatment protocol and contemporary
surgical techniques. Under such optimized conditions,
patient comorbidity, obesity, and degree of joint
destruction have a decisive effect on the infection rate.
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Low rate of infected knee replacements in

a nationwide series – is it an underestimate?

Review of the Finnish Arthroplasty Register

on 38,676 operations performed in 1997–2003

Esa Jämsen, Kaisa Huotari, Heini Huhtala, Juha Nevalainen, and Yrjö T. Konttinen

Background and purpose: Specialist hospitals report < 1% incidence for early deep infections following
primary knee replacement. The purpose of this study is to estimate the infection rate in a nationwide series using
register-based data. Methods: The Finnish Arthroplasty Register (FAR) was searched for primary
unicompartmental, total and revision knee arthroplasties performed in 1997–2003 and eventual revision
arthroplasties. The FAR data on revision arthroplasties was supplemented by a search of national Hospital
Discharge Register (HDR) for debridements, partial and total revision knee replacements, resection
arthroplasties, arthrodeses, and amputations. Results: During the first postoperative year, 0.33% (95% CI 0.13–
0.84), 0.52% (0.45–0.60) and 1.91% (1.40–2.61) of the primary UKA, primary TKA and revision TKA,
respectively, were reoperated due to infection. The 1-year rate of reoperations due to infection remained constant
in all arthroplasty groups over the observation period. The overall infection rate calculated using FAR data only
was 0.77% (95% CI 0.69–0.86), which was lower, but however, did not statistically differ from the overall
infection rate calculated using endpoint data combined from FAR and HDR records (0.89%, 95% CI 0.80–0.99).
FAR registered revision arthroplasties and patellar resurfacing arthroplasties reliably but missed considerable
proportion of other reoperations. Interpretation: More reoperations performed due to infection can be expected
as the numbers of knee arthroplasties increase as there has been no improvement in the early infection rate.
Finnish Arthroplasty Register data seems to underestimate the incidence of reoperations performed due to
infections.

Introduction

Recent studies have indicated that the incidence of
deep infection after primary knee arthroplasty is
below 1%. These figures were obtained from
specialized institutions (Peersman et al. 2001,
Phillips et al. 2006, Jämsen et al. 2008) and from
the Finnish Hospital Infection Surveillance
Program SIRO drawing together results of 9
hospitals (Huotari et al. 2006). Furnes et al. (2007)
reported revision rates due to infection in the
Norwegian Arthroplasty Register, but included only
unicompartmental knee replacements and
tricompartmental cemented total knee
arthroplasties. Thus, the sources and selection
criteria used limit the generalizability of these
results.

Scandinavian arthroplasty registers are
considered reliable sources of data, and they are
considered to provide more realistic estimate on
prosthesis survival and complication rates than case
series from specialized institutions (Robertsson

2007). What is a shared feature for arthroplasty
registers is that the event recorded is implantation
or removal of one or more components of a joint
prosthesis. Minor revision surgeries, resection
arthroplasties, arthrodeses, and amputations –
which are used in the management of deep
periprosthetic infections (Leone and Hanssen 2006)
– are poorly captured by arthroplasty registers. This
may lead to underestimation of postoperative
complication rates.

The purpose of this register-based study is to
estimate the nationwide incidence of deep
infections in contemporary unicondylar and total
primary knee arthroplasty, and revision total knee
arthroplasty and to analyze how the infection rates
have changed during the period of rapid increase in
the annual numbers of knee arthroplasties in 1997–
2003. To more reliably detect different types of
septic reoperations the records of the Finnish
Arthroplasty Register were supplemented by the
data of the administrative national Hospital
Discharge Register.
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Material and methods

Data was collected from the Finnish Arthroplasty
Register (FAR) and national Hospital Discharge
Register (HDR). FAR, administered by the National
Agency for Medicines, is based on mandatory
reporting of joint replacement operations by
surgeons (Puolakka et al. 2001, Rantanen et al.
2006). Unlike other Scandinavian arthroplasty
registers, FAR has not been scientifically validated
yet. However, FAR requires input on prosthesis
components and attempts are made to manually
resolve eventual missing information. Therefore, it
is likely that the operations and their types as
recorded by FAR are accurate.

The Finnish Hospital Discharge Register was
founded in 1976 and is administered by the
National Research and Development Centre for
Welfare  and  Health.  It  covers  about  95%  of  all
discharges from hospitals in Finland (Gissler and
Haukka 2004). Data is collected with a
hospitalization being the registration unit. For each
period of hospitalization dates of admission and
discharge, primary diagnosis and possible
subsidiary diagnoses, surgical procedures
performed, and type of hospital are recorded in the
register in addition to demographic data. For
classification of diagnoses, ICD-10 has been used

since 1996. Since 1997 surgical procedures are
classified according to the Finnish 1997 version of
the procedure classification of the Nordic Medico-
Statistical Committee (NCSP-F,
www.nordclass.uu.se/verksam/ncspe.htm). The
accuracy of recorded items is considered good
(Gissler and Haukka 2004) although its validity
concerning orthopedic diagnoses and procedures
has not been assessed.

Index  opera t ions . The Finnish
Arthroplasty Register was searched to identify
primary unicompartmental knee arthroplasties
(UKA), primary total knee arthroplasties (TKA),
and revision TKA performed anywhere in Finland
between 1st January 1997 and 31st December 2003.
These operations that were selected to be followed
up are referred to as index operations (Figure 1).
Resection arthroplasties, partial exchange
arthroplasties (secondary patellar resurfacing and/or
isolated exchange of tibial insert) and operations of
unknown type were excluded (Figure 2).

The final dataset (n=38,676) consisted of
36,638 primary knee arthroplasties and 2,038
revision total knee arthroplasties (Figure 2). The
FAR data on these operations could be
supplemented by corresponding hospitalization data
from HDR in 36,916 cases (95.4%). Primary
operations could be matched to HDR data more

Figure 1. Flowchart indicating the index operations, endpoints events and the corresponding data sources.
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frequently than revision TKA (match in 95.7% vs.
90.9%, p<0.001). Because the validity of the data
on knee arthroplasties registered to HDR but
lacking corresponding FAR record could not be
confirmed, these operations were excluded as
probable false entries (Figure 2).

Endpoin t  da ta . Eventual revision knee
arthroplasties (exchange or addition of one or more
of the prosthesis components), other surgical
reoperations and deaths were considered endpoints
of the follow-up (Figure 1). As we supposed that
certain reoperations, including debridements,
arthrodeses and amputations, are infrequently
reported to FAR, data on endpoint events was
collected also from HDR.

In FAR endpoint data was readily available as
all revisions are linked directly to the preceding
arthroplasty.  From  HDR  endpoint  data  was
collected using the Nordic Medico-Statistical
Committee (NOMESCO) classification for surgical
procedures (http://www.nordclass.uu.se/verksam/
ncspe.htm). The Finnish version of the NOMESCO
Classification of Surgical Procedures (NCSP-F)
was introduced in 1997 and it has been used

unchanged over the observation period 1997–2003.
The following surgical procedures (procedure codes
according to the NCSP-F are presented in
parentheses) were included: revision knee
arthroplasty for any reason (procedure codes:
NGC20, NGC30, NGC40, NGC60, NGC99),
removal of the prosthesis (NGU00), debridement
(NGC00, NGF20, NGF25), amputation (NFQ20)
and arthrodesis (NGG30, NGG34). Revision knee
arthroplasties and other types of reoperations are
later collectively referred to as “reoperations”.

Reoperations detected in either register were
classified as septic or aseptic. Reoperations where
1) FAR reported infection being the indication for
reoperation or 2) HDR reported ICD-10 diagnosis
code indicating arthroplasty-associated infection
(T84.5,  T81.4)  or  septic  infection  (in  A  series  of
codes) were considered septic. The remaining
reoperations were considered aseptic. In 93% of
cases these 2 criteria were concordant. The
remaining cases, where the registers did not agree
about type of reoperation, were reviewed manually
with help of diagnosis and procedure codes and
data from other operations involving the same joint.

Figure 2. Flowchart indicating how the data from the Finnish Arthroplasty Register (FAR) and Hospital
Discharge Register (HDR) was combined to create the final dataset. 1 operation types according to FAR.



4

Endpoint data was collected independently
from  FAR  and  HDR,  and  then  the  data  of  the  2
registers were combined. If 2 or more reoperations
were registered for an index operation, the one
performed first was used in the analyses. Overall,
there were 1,658 reoperations following the 38,676
index operations under follow-up. 1,057
reoperations were classified similarly by the two
registers. 313 reoperations were detected by HDR
only and 177 by FAR only.

For most HDR endpoints (79%),
corresponding event in FAR could be detected and
could therefore be reliably linked to the preceding
index operation. If an endpoint event was registered
in HDR only, we used social security number along
with the side of the operated knee (available in 47
of 313 cases) to link the endpoint to the latest index
operation (supposing that complications requiring
reoperation occur early rather than late). If in such a
case the patient was known to have both knees
operated, the follow-up of both knees was
considered  to  end  on  the  day  of  reoperation.  No
endpoint data was excluded from the analysis. If no
reoperations were performed, the follow-up was
considered to end upon death or on 31st December
2004 (Figure 1).

S t a t i s t ic s . The 1-year infection rate defined
as the number of reoperations performed due to
infection within 1 year since the index arthroplasty
per total number of operated joints with its 95%
confidence intervals (CI) is reported as the primary
outcome. Additionally, we present the overall
infection rate (both infections occurring within 1
year and those occurring later) and the average time
from  the  index  surgery  until  occurrence  of  an
endpoint (presented as median and range). Only the
first endpoint procedure following each index
operation was taken into account when calculating
the infection rates.

S e n si t i v i ty  a n al y s i s .  To  analyze  if  the
decisions made in the selection of materials and in
defining the outcome had led to systematic bias in
the presented results, we performed a sensitivity
analysis (so called “what if analysis”).  This was
done by calculating the rate of infections in
different patient subgroups, based on the source of
data, with different criteria for reoperation due to
infection. If the changes in patient selection and
definition do not statistically significantly alter the
initial results and do not lead to different

interpretation, the presented results can be
considered valid.

We used SPSS for Windows statistical
package  version  14.0  for  all  data  management  and
statistical analyses. For statistical analyses the
hospitalization level data of the HDR was
converted to knee level by linking it to
corresponding FAR data. Although the 2 knee
prostheses in bilateral cases represent dependent
observations, we considered that due to rareness of
bilateral reoperations, ignoring bilaterality would
not bias the results (Robertsson and Ranstam 2003)
and all statistical analyses were performed with
knee prosthesis as the statistical unit. Confidence
intervals for infection rates were calculated using
Wilson’s method. For comparison of infection
rates, chi-squared test or Fisher’s exact test was
used. We used binary logistic regression or two-
way analysis of variance to show the significance of
time trends. Survival curves with reoperation due to
infection as endpoint were calculated using Kaplan-
Meier survival analysis for primary UKA, primary
TKA and revision TKA. Probability values p<0.05
were considered statistically significant.

Results

De sc r i pt i o n  o f  m ate r i al s . Compared to
patients undergoing primary TKA, those having
primary UKA were younger (64 vs. 71 years), had
more often osteoarthritis (98.8% vs. 90.2%) and
were more often discharged home (80% vs. 68%)
after a short hospitalization (6 vs. 9 days) (p<0.001
for all comparisons) (Table 1). In the revision TKA
group diagnoses other than osteoarthritis were
overrepresented (11.5% compared to 9.8% in
primary TKA, p=0.002) and more patients were
discharged to other health case institutions (40.3%,
p<0.001 as compared to primary TKA). Most
revision TKA operations were performed in
university hospitals and central hospitals (68%).
Loosening (25%), other reasons (including e.g.
polyethylene wear, 24%) and infection (16%) were
the most common indications for the index revision
arthroplasties. The revision arthroplasties were
performed on average 5.5 years (1 day–29 years,
26% within 2 years) after preceding operation.

The yearly number of operations increased
from 4,514 in 1997 to 7,552 in 2003. Over the
observation period the proportions of UKA and of
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patients with OA among primary TKA recipients
increased and the length of perioperative
hospitalization decreased (Table 2). Antibiotic-
impregnated cement was used in only 58% in 1997
but in 97% of cases in 2003 (p<0.001). The number
of revision TKA performed due to infection
increased from 29 in 1997 to 67 in 2003. The
proportion of infections from all reasons for
revision TKA had some year-to-year variation but
suggested a slight increase from 11% in 1997 to
20% in 2003 (p=0.09).

Table 1. Patient demographics, perioperative details
and follow-up data of the 38,676 primary
unicondylar (UKA), total condylar (TKA) and
revision total knee arthroplasties.

n or
median

% or (range)

Age, years 71 (14–96)
Knees in female patients 28,043 73
Diagnosis
 Osteoarthritis 34,950 90
 Rheumatoid arthritis 3,003 8
 Other 723 2
Same day bilateral
arthroplasty

2,854 7

Cement fixation 35,516 92
Patellar resurfacing 12,150 32
Intravenous antibiotic
prophylaxis

37,991 98

Antibiotic-impregnated
cement

31,873 82

Any early complication 439 1.1
Operating hospital
 University hospital 8,405 22
 Central hospital 12,999 33
 District hospital 12,693 33
 Other hospital 4,579 12

Hospitalization1

Arrival to hospital on day
of operation

4,185 11

Arrived from home 35,850 97
Length of stay in
operating hospital, days

9 (1–106)

Discharged home 25,077 68
Referred for treatment
from
 Primary health care 14,848 38
 Private health care 10,192 26
 Specialized health care 8,907 23
Follow-up
 Length of follow-up,

months
41 0–103

 Died during the
follow-up

3,948 10

1 Data on perioperative hospitalization was available
in 36,916 cases.

Re opera t ions . Of the 1,658 reoperations,
344 were due to infection (overall infection rate
0.89%, 95% CI 0.80–0.99). The 1-year septic
reoperation rates were 0.33% (95% CI 0.13–0.84),
0.52% (0.45–0.60) and 1.91% (1.40–2.61) after
primary UKA, primary TKA and revision TKA,
respectively. The infection-free survival of the
index revision TKA performed for aseptic reasons
was considerably better than survival of revision
TKA performed due to infection (Figure 3).

After primary and revision TKA, 35% of all
reoperations due to infection were performed
during the first 3 postoperative months and
approximately  two  thirds  within  1  year  since  the
index arthroplasty. Most infections after UKA (4/5)
occurred during the first postoperative year (Figure
3). However, there were only 415 UKAs with
follow-up exceeding 3 years.

The 1-year infection rates following primary
UKA, primary TKA, and revision TKA remained
constant from 1997 to 2003 (data not shown). The
increase in the number of reoperations due to
infection within each procedure and diagnosis
group paralleled the increase in operation volume
(not shown). Over the observation period, no
changes in demographic and operative variables
among undergoing reoperation due to infection
were seen (data not shown).

Re opera t ions  due  to  in f ec t ion  in
FA R . Overall, FAR had registered 1,345
reoperations, 298 (22%) of which were performed
due to infection. Thus, 46 reoperations due to
infection (13%) would have remained undetected if
records of FAR only had been used. The overall
infection rate calculated only using FAR data was
0.77% (95% CI 0.69–0.86), which however, did not
statistically differ from the overall infection rate
calculated using combined endpoint data (0.89%,
0.80–0.99). In 225 cases, the FAR register entry for
reoperation due to infection could be matched to
corresponding endpoint event (with appropriate
infection diagnosis code) in HDR data, leading to
overall infection rate of 0.6% only (0.51–0.66).

When compared to the endpoint data
combined  from  the  FAR  and  HDR  records,  FAR
most successfully captured revision arthroplasties
and secondary patellar resurfacings but failed to
detect most other revisions (NGC99), arthrodeses,
amputations, and debridements (Table 3).
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Table 2. The changes in selected demographic and administrative variables over the observation period 1997–
2003.

Year of operation  P for trend
1997 2003

Number of operations n 4,514 7,552  -
Type of operation
 Primary UKA % 1 5  <0.001
 Primary TKA % 93 90.0  <0.001
 Revision TKA % 6 5  <0.001
Same-day bilateral procedures % 5 8  <0.001
Average age at operation, years median (range) 71 (19–93) 71 (21–91)   <0.001
Indication for primary TKA
 Osteoarthritis % 89 92  <0.001
 Rheumatoid arthritis % 10 6  <0.001
Indication for revision TKA
 Loosening % 34 22  <0.001
 Other reasons % 24 24  0.562

n 29 67  -Infection % 11 20  0.089
Intravenous antibiotic prophylaxis % 97 99  <0.001
Antibiotic-impregnated bone
cement

% 58 97  <0.001

Length of hospitalization, days median (range) 10 (1–106) 7 (1–48)  <0.001
Arrival on the day of operation % 2 20  <0.001
Discharged directly home % 69 63  <0.001

UKA, unicondylar knee arthroplasty; TKA, total knee arthroplasty

Table 3. The endpoint events of follow-up after 38,676 knee replacements. The endpoint events are traced from
the records of Finnish Arthroplasty Register (FAR), Hospital Discharge Register (HDR) and by combining the
data from these two registers (combined endpoint data). If two or more endpoint events were detected for an
index operation, only the one occurring first was taken into account in the Combined endpoint data.
First endpoint event In the combined

endpoint data
In FAR data In HDR data

n n % 1 n % 1

No endpoints registered 33,021 33,317 101 33,210 101
Died 3,948 4,014 102 3,985 101
Reoperation 1,658 1,345 81 1,481 89
 Debridement 18 0 0 18 100
 Resection arthroplasty 183 146 80 185 101
 Revision knee arthroplasty 541 496 92 559 103
 Secondary patellar resurfacing 303 259 85 303 100
 Exchange of a knee prosthesis

component
168 131 78 170 101

 Other revision knee arthroplasty 195 79 41 196 101
 Arthrodesis 26 13 50 28 108
 Amputation 22 2 9 22 100
 Unknown to HDR 202 219 108 -
Septic endpoint 344 298 87 295 86
Aseptic endpoint 1,314 1,047 80 1,186 90
Median length of follow-up,
months (range)

41 (0–103) 42 (0–103) 42 (0–103)

1 The percentage indicates the proportion of the endpoints detected by FAR or HDR of the number of such first
endpoints in thc Combined endpoint data. Values >100% indicate that some of the reoperations are preceded by
another type of reoperation detected in the other register (e.g. resection arthroplasty registered in FAR prior to
arthrodesis registered in HDR).
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Most of the reoperations due to infection that were
detected only by HDR occurred during the first 3
postoperative months (49% of infections detected by
HDR only), when also most of the reoperations
classified as partial exchange arthroplasties, other
revision arthroplasties (NGC99) or amputations were
performed (the proportions of operations performed
within 3 months: 56%, 46% and 67%, respectively).
On the other hand, 46% of septic reoperations recorded
to  FAR  only  were  performed  during  the  first  3
postoperative months.

Sens i t i v i t y  ana lyses. Combined endpoint
data indicated the highest number of infections in all
studied datasets, but the infection rate did not
significantly differ from that detected with the endpoint
data of HDR or FAR data only in any of the datasets.
In all datasets HDR and FAR endpoint data yielded
similar infection rates. Very few infections (overall

infection rate 0.07%, 0.07–0.48) were detected after the
index operations registered by HDR only (Appendix).

Discussion

We reviewed a large series of knee arthroplasties
performed in 1997–2003. The register-based materials
provided good coverage over the target population and
therefore our study represents well the current state of
knee arthroplasty in Finland. We found an overall
0.89% incidence of reoperations performed due to
infection similar to the rates of 0.86% and 0.80% that
have been recently reported from specialized
orthopedic institutions (Phillips et al. 2006, Jämsen et
al. 2008). On a nationwide base a higher incidence of
infections could have been expected. Comparison
between the records of the 2 registers raised concern

Figure 3. Prosthesis survival after primary unicompartmental (UKA) and total knee arthroplasty (TKA) and for
aseptic and septic revision TKA with any reoperation (including debridement, resection arthroplasty, partial or
total revision arthroplasty, arthrodesis or amputation) due to infection as endpoint. The data on the operations
under follow-up was collected from the Finnish Arthroplasty Register (FAR). Endpoint data was collected from
FAR and Hospital Discharge Register.
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about their validity in the study of infected knee
arthroplasty.

There are several possible explanations for the
difference between the detected and previously
reported deep infection rates. First, deep infections that
fill appropriate diagnostic criteria but are treated non-
operatively with antibiotic suppression or with a minor
wound procedure remain undetected with our
methodology. Such cases accounted for 57% of the
cases that were registered by the Finnish Hospital
Infection Surveillance Program SIRO but were missing
from FAR in an earlier study (Kaisa Huotari, personal
communication). Second, early infections that occur
during the index hospitalization and which are treated
with prosthesis retained are easily missed with register-
based data that describes events as periods of
hospitalization. Furthermore, because both appropriate
diagnosis and surgical procedure code were required
for a reoperation to be classified as septic, a number of
prosthesis-related infections may have remained
undetected due to lack of the infection diagnosis code
in HDR records. These methodological matters do not,
however, alone explain the difference.

The data derived from HDR confirmed our
hypothesis that FAR does not reliably detect
reoperations in which a new prosthesis is not implanted
(such as debridements and resection arthroplasties) and
therefore underestimates the infection rate. The effect
of such ignored operations was most dramatic during
the first 3 postoperative months. According to earlier
FAR guidelines revision arthroplasties performed
within 4 postoperative months were considered
postoperative complications. By now, this practice
which has led to underestimation of early failure rate in
earlier cohorts has been abandoned. Currently early
revisions are managed  in the same manner as other
revision arthroplasties, and reporting activity probably
plays a critical role. The specific reporting form for
postoperative complications is rarely used, and
complications become registered most likely if they
lead to revision total knee arthroplasty (FAR covered
91% of these operations).

Similar problems have been earlier reported in
Sweden where most of the reoperations, which were
not routinely registered in Swedish Knee Arthroplasty
Register, were extraction of prosthesis, patellar
revision, partial exchange arthroplasty, arthrodesis and
amputation (Robertsson et al. 1999). In Norway, only
62% of the removals of knee prostheses were
registered in the national arthroplasty register

(Espehaug et al. 2006). This leads to overestimation of
the prosthesis survival.

Although we did not specifically evaluate the
validity of the HDR data, it seems that it is not without
problems either, especially due to insufficient use of
infection diagnosis codes. This view is supported by
earlier literature stating that retrospective review of
administrative databases lacks sensitivity (Romano et
al. 2002, Curtis et al. 2004, Sherman et al. 2006) and
on the other hand may include false positive entries
(Romano et al. 2002, Sherman et al. 2006).
Furthermore, reporting activity may dramatically bias
comparisons between hospitals as demonstrated by a
study on complications after elective lumbar
discectomy (Romano et al. 2002) where the sensitivity
of administrative register data was lowest in hospitals
with a lower than expected complication rates, and at
least half of the difference in complication rates
seemed to be attributable to the differences in reporting
activity only.

Despite the weaknesses discussed above the
registers were found to be fairly concordant. Most
reoperations considered septic in HDR were classified
similarly in FAR and the registers yielded similar
reoperation rates (not shown). Even though
microbiological confirmation of infections was not
available, it is likely that the recorded infections
represent true cases as they made the orthopedic
surgeon to proceed with a surgical intervention. Thus,
the present materials can be used in the analysis of time
trends and relative differences between the 3 operation
types.

Over the observation period considerable changes
were seen in several demographic variables and
treatment protocols (Table 2). Decrease in the
proportion of patients with rheumatoid arthritis, growth
in the number of primary UKA, shortening of
hospitalization, and increased popularity of antibiotic-
impregnated cement could have been expected to result
in fewer septic reoperations. The 1-year infection rates,
however, did not improve. The epidemic of obesity and
diabetes, which increase risk of postoperative
infections (Peersman et al. 2001, Jämsen et al. 2008)
and are common in patients undergoing TKA, could
provide one explanation for such adverse development
but this hypothesis could not be confirmed with present
register-based materials.

Potential bias in our study may be the linkage of
the  knee-level  data  of  FAR  to  the  HDR  data  on
hospitalizations that often lacked data on the operated
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side. Unless reoperations recorded in HDR could be
first  linked  to  a  reoperation  registered  in  FAR,  the
linkage of the reoperation to the index arthroplasty was
based on the assumption that septic complications
occur relatively early. This assumption is based on
previous clinical and register-based reports (Heck et al.
1998, Fehring et al. 2001, Sharkey et al. 2002, Phillips
et al. 2006).  It is possible that this method resulted in
inclusion of reoperations that actually involve the
contralateral knee or even some other joint and thereby
lead to overestimation of the early failure rate. The
problem of contradictory or missing data could have
been resolved by reviewing data on patients’ other
arthroplasties and patient records. Such review,
however,  was  not  performed  as  our  study  was  not
designed to validate the data of FAR and HDR.

Readily available population-based databases
with good coverage of the population of interest and a
high number of cases registered, such as FAR and
HDR in our study, appear an appealing source for
volume-outcome and quality-of-care analyses – and in
fact, are necessary to ensure the statistical power
(Guller 2006). Our findings suggest that FAR lacks
sensitivity to detect postoperative infections and
therefore underestimates the numbers of such
complications. Because the treatment approach affects
the accuracy of detecting the infection, the
comparisons in infection rates derived using these data
sources may be confounded by local differences in
treatment practices and patient case-mix as well as
changes in treatment protocols over time. Pure non-
confirmed data in FAR and HDR should not be used in
comparisons between hospitals and hospital districts
until these issues are considered and the register data is
adequately validated.
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Appendix. Overall rates of reoperation due to infection in different datasets depending on the definition for infection. Dataset “All FAR” was primarily used in the
analyses.

Definition and source for infectious endpoints

FAR FAR + HDR (matched)1 HDR
Reoperation for

infection
Reoperation for infection Any operation and

diagnosis of infection

Combined

Dataset Number
of cases

n % (CI) n % (CI) n % (CI) n % (CI)
All FAR 38,676 298 0.77

(0.69–0.86)
 225 0.58

(0.51–0.66)
 295 0.76

(0.68–0.85)
 344 0.89

(0.80–0.99)
All HDR 39,048 275 0.70

(0.63–0.79)
 210 0.54

(0.47–0.62)
 269 0.69

(0.61–0.78)
 314 0.80

(0.72–0.90)

FAR+HDR,
matched

36,916 275 0.74
(0.66–0.84)

 210 0.57
(0.50–0.65)

 265 0.72
(0.64–0.81)

 310 0.84
(0.75–0.94)

Non-matched
FAR

1,760 23 1.31
(0.87–1.95)

 15 0.85
(0.52–1.40)

 30 1.70
(1.20–2.42)

 34 1.93
(1.39–2.69)

Non-matched
HDR

2,132 N/A  N/A  4 0.19
(0.07–0.48)

 4 0.19
(0.07–0.48)

All operations 40,808 298 0.73
(0.65–0.82)

 225 0.55
(0.48–0.63)

 299 0.73
(0.65–0.82)

 348 0.85
(0.77–0.95)

FAR = Finnish Arthroplasty Register, HDR = Hospital Discharge Register, CI = 95% confidence interval, N/A = not available/applicable, 1 same reoperation
registered in both registers



Risk Factors for Infection After Knee Arthroplasty
A Register-Based Analysis of 43,149 Cases

By Esa Jämsen, BM, Heini Huhtala, MSc, Timo Puolakka, MD, PhD, and Teemu Moilanen, MD, PhD

Investigation performed at Coxa, Hospital for Joint Replacement, Tampere, Finland

Background: Clinical studies have revealed a number of important risk factors for postoperative infection following total
knee arthroplasty. Because of the small numbers of cases in those studies, there is a risk of obtaining false-negative
results in statistical analyses. The purpose of the present study was to determine the risk factors for infection following
primary and revision knee replacement in a large register-based series.

Methods: A total of 43,149 primary and revision knee arthroplasties, registered in the Finnish Arthroplasty Register, were
followed for a median of three years. The Finnish Arthroplasty Register and the Finnish Hospital Discharge Register were
searched for surgical interventions that were performed for the treatment of deep postoperative infections. Cox regression
analysis with any reoperation performed for the treatment of infection as the end point was performed to determine the risk
factors for this adverse outcome.

Results: Three hundred and eighty-seven reoperations were performed because of infection. Both partial and complete
revision total knee arthroplasty increased the risk of infection as compared with the risk following primary knee replacement.
Male patients, patients with seropositive rheumatoid arthritis or with a previous fracture around the knee, and patients with
constrained and hinged prostheses had increased rates of infection after primary arthroplasty. Wound-related com-
plications increased the risk of deep infection. The rate of septic failure was lower after unicondylar than after total condylar
primary knee arthroplasty, but the difference was not significant. The combination of parenteral antibiotic prophylaxis and
prosthetic fixation with antibiotic-impregnated cement protected against septic failure, especially after revision knee
arthroplasty. Following revision total knee arthroplasty, diagnosis and prosthesis type had no effect, but previous revision
for the treatment of infection and wound-healing problems predisposed to repeat revision for the treatment of infection.

Conclusions: There was an increased risk of deep postoperative infection in male patients and in patients with rheumatoid
arthritis or a fracture around the knee as the underlying diagnosis for knee replacement. The results of the present study
suggest that the infection rate is similar after partial revision and complete revision total knee arthroplasties. Combining
intravenous antibiotic prophylaxis with antibiotic-impregnated cement seems advisable in revision arthroplasty.

Level of Evidence: Prognostic Level II. See Instructions to Authors for a complete description of levels of evidence.

A
number of risk factors for deep postoperative infection
after knee arthroplasty have been found in clinical case-
control and cohort studies1-3. Clinical data allow in-depth

analysis of a variety of patient-related factors and, for example,
diabetes mellitus, rheumatoid arthritis, and other comorbidities
as measured with the American Society of Anesthesiologists
score carry an increased probability of septic complications1-4. Al-
though they provide detailed patient-level data, various surgery-
related and provider-related factors often cannot be reliably

studied in clinical investigations because of the limited number
of surgeons, techniques, and prosthesis types. Additionally, be-
cause of the contemporary low infection rates, there is a risk of
obtaining false-negative results in statistical analyses.

Even though local and national arthroplasty register data
have been used to study factors associated with the survival of
primary and revision knee replacements5-8, to the best of our
knowledge, there have been no recent studies involving ar-
throplasty register-based data that have evaluated the risk factors

Disclosure: In support of their research for or preparation of this work, one or more of the authors received, in any one year, outside funding or grants of
less than $10,000 from the Finnish Medical Society Duodecim, the Research Foundation for Orthopaedics and Traumatology, Finland, and the
competitive research funding of Pirkanmaa Hospital District, Finland. Neither they nor a member of their immediate families received payments or other
benefits or a commitment or agreement to provide such benefits from a commercial entity. No commercial entity paid or directed, or agreed to pay or
direct, any benefits to any research fund, foundation, division, center, clinical practice, or other charitable or nonprofit organization with which the
authors, or a member of their immediate families, are affiliated or associated.
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for infection. Previous operations on the involved knee are
associated with an increased infection rate1,2, but we are aware
of no reports on factors affecting the risk of infection after re-
vision knee replacement.

The purpose of the present study was to determine the
risk factors for infection following primary and revision knee
replacement in a large series of knee arthroplasties from the
Finnish Arthroplasty Register.

Fig. 1

Kaplan-Meier curves illustrating crude prosthetic survival, with reoperation for the treatment of

infection as the end point, after primary unicondylar knee arthroplasty (UKA), total knee arthroplasty

(TKA), partial revision arthroplasty, and revision total knee arthroplasty.

Fig. 2

Kaplan-Meier curves illustratingcrudeprostheticsurvival,with reoperation for the treatment of infection

as the end point, after primary knee replacement performed for selecteddiagnoses. ICD = International

Classification of Diseases, Tenth Revision; OA = osteoarthritis; and RA = rheumatoid arthritis.
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Materials and Methods

All primary and revision knee arthroplasties (including
isolated patellar resurfacing procedures and exchanges of a

part of a knee prosthesis) that were performed in Finland from
January 1997 to June 2004 and registered in the Finnish Ar-
throplasty Register were included in the study. The first-stage
procedures of staged exchange arthroplasties (that is, resection
arthroplasties) and operations for which the type of procedure
was not registered were excluded. Each knee was followed until
the end of 2004, resulting in a minimum duration of follow-up
of six months. The data of the Finnish Arthroplasty Register are
based on mandatory reporting on all joint replacement opera-
tions performed in Finland; the register has good coverage, but
its data have not yet been scientifically validated9,10. For the present
study, the Finnish Arthroplasty Register data were supple-
mented by data on hospitalization, collected from the Finnish
Hospital Discharge Register.

Reoperations
Reoperations performed for the treatment of infection were
ascertained by combining data from the Finnish Arthroplasty
Register and the Finnish Hospital Discharge Register. The
technique for using such a combination of two registers to detect
reoperations has been described and discussed elsewhere10. In
the Finnish Arthroplasty Register data, any reoperation per-

formed for the treatment of infection was considered to be
evidence of a deep knee infection. In the Finnish Hospital
Discharge Register, the surgical procedure code11 indicating
débridement, removal of the prosthesis, change or addition of
any prosthesis component, any revision arthroplasty, arthrodesis,
or amputation, together with an ICD-10 (International Classi-
fication of Diseases, Tenth Revision) diagnosis code suggestive of
infection, were required to indicate a septic end point event. All
other reoperations were considered to have been performed for
reasons other than infection. If two or more reoperations were
recorded for an index operation, the one occurring first was
included for analysis. If the operatively treated side was unknown
and both knees of a patient were being followed, both were ex-
cluded from further follow-up.

Statistical Analyses
All data were analyzed with the knee as the statistical unit of
analysis, and primary and revision procedures were analyzed
separately. The proportion of knees that had a reoperation be-
cause of infection to the total number of operatively treated
joints (the infection rate) is described for different subgroups,
with the 95% confidence intervals calculated according to the
method of Wilson12. For continuous variables, the median and
the range are reported. Comparisons of explanatory variables
between different operation types were performed with use of

Fig. 3

Kaplan-Meier curves illustrating crude prosthetic survival, with reoperation for the treatment of

infection as the end point, after primary knee replacement performed with different types of

prostheses. TKA = total knee arthroplasty; CR/PS = cruciate-retaining or cruciate-substituting; and

UKA = unicondylar knee arthroplasty.
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the chi-square test or the Fisher test for categorical variables
and with use of the Kruskal-Wallis test for continuous variables.

Cox regression analysis with reoperation for the treat-
ment of infection as the end point was used for the analysis of
risk factors. Besides reoperation for the treatment of infection,
follow-up was considered to have ended at death, any reoper-
ation performed for a reason other than infection, and, for the
remaining patients, on December 31, 2004.

The effect of each explanatory variable on the rate of
reoperations for the treatment of infection was tested in a
univariate model. To ensure that the proportional hazards as-
sumption was not violated, each Cox-predicted survival curve
for the type of operation, diagnosis, prosthesis constraint, and
the type of antibiotic prophylaxis was plotted on a corre-
sponding Kaplan-Meier survival curve (Figs. 1 through 4), and
the congruity of predicted and observed survival curves was
graphically assessed. Except for the later years of follow-up in
several subgroups within the revision arthroplasty group (pa-
tients with other illness, a cementless prosthesis, no antibiotic
prophylaxis, or antibiotic cement only), the predicted and observed
curves were found to be equal, demonstrating that the Cox
model adequately followed the observed survival.

In addition to the univariate analysis, each variable was
tested in the Cox model with adjustment for age, sex, and diag-
nosis as recommended by Robertsson et al.7. Additionally, the
type (constraint) of the implanted prosthesis (unicondylar, cruciate-
retaining or cruciate-substituting total condylar, constrained

total condylar, or hinged knee prosthesis) was included as a
proxy for the severity of joint destruction in the adjusted
analyses because it had been found in an earlier study to affect
prosthetic survival3. Hazard ratios along with 95% confidence
intervals calculated with the adjusted Cox model are reported.
Finally, all variables with a significant (p < 0.05) association
with infection in the adjusted analysis were entered into the
adjusted forward stepwise Cox model to analyze their relative
importance.

The level of significance was set at p < 0.05. For sensitivity
analysis, the adjusted analyses were performed with the inclu-
sion of only the reoperations that were registered in the Finnish
Arthroplasty Register.

Source of Funding
External funding from independent nonprofit organizations
was received for this study. None of the funding sources played
any role in the preparation or performance of this study.

Results

The Finnish Arthroplasty Register provided data on 43,149
operations. The procedures included 40,135 primary total

knee arthroplasties (93.0%), 2166 revision total knee arthro-
plasties (5.0%), and 848 partial revision arthroplasties (in-
cluding 618 secondary patellar resurfacing procedures, 198
isolated exchanges of a tibial insert, and thirty-two revisions of
either the femoral or tibial component alone) (Table I). Cor-

TABLE I Demographic Data and Operation Setting, Stratified According to Type of Operation

Primary Arthroplasty
(N = 40,135)

Revision Total Knee
Arthroplasty (N = 2166)

Partial Revision
Arthroplasty* (N = 848) P Value

Median age (range) (yr) 71 (14 to 96) 72 (17 to 91) 71 (27 to 94) <0.001

Age group† <0.001
<65 years 10,155 (25.3%) 510 (23.5%) 209 (24.6%)
65 to 75 years 19,497 (48.6%) 993 (45.8%) 401 (47.3%)
>75 years 10,483 (26.1%) 663 (30.6%) 238 (28.1%)

Sex† 0.379
Female 28,985 (72.2%) 1587 (73.3%) 601 (70.9%)
Male 11,150 (27.8%) 579 (26.7%) 247 (29.1%)

Diagnosis† 0.050
Primary osteoarthritis 35,298 (87.9%) 1876 (86.6%) 748 (88.2%)
Secondary osteoarthritis 1077 (2.7%) 46 (2.1%) 21 (2.5%)
Rheumatoid arthritis 3040 (7.6%) 185 (8.5%) 65 (7.7%)
Other arthritis 392 (1.0%) 31 (1.4%) 7 (0.8%)
Other 328 (0.8%) 28 (1.3%) 7 (0.8%)

Operating hospital† <0.001
University hospital 8327 (20.7%) 877 (40.5%) 203 (23.9%)
Central hospital 13,467 (33.6%) 590 (27.2%) 213 (25.1%)
Regional hospital 13,515 (33.7%) 258 (11.9%) 238 (28.1%)
Other 4826 (12.0%) 441 (20.4%) 194 (22.9%)

*Including secondary patellar resurfacing and isolated exchange of the tibial insert or of either femoral or tibial component alone. †The values are
given as the number of knees, with the percentage in parentheses.
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TABLE II Risk Factors for Reoperation Because of Infection After Primary and Revision Knee Arthroplasty, According to Cox

Regression Model Adjusted for Sex, Age, Diagnosis, and Type (Constraint) of Implanted Prosthesis* �

Primary Knee Arthroplasty Revision Total Knee Arthroplasty†

No. of
Knees

No. of
Reoperations
for Infection

per 100
Knees

Adjusted
Hazard Ratio

(95% Confidence
Interval)

No. of
Knees

No. of
Reoperations
for Infection

per 100
Knees

Adjusted
Hazard Ratio

(95% Confidence
Interval)

Age group
<65 years 10,155 0.83 1 510 3.14 1
65 to 75 years 19,497 0.73 0.97 (0.74 to 1.28) 993 3.73 1.25 (0.69 to 2.25)
>75 years 10,483 0.69 0.97 (0.70 to 1.34) 663 2.41 0.93 (0.46 to 1.89)

Sex
Female 28,985 0.66 1 1587 2.46 1
Male 11,150 0.97 1.54 (1.21 to 1.96) 579 5.18 2.23 (1.38 to 3.62)

Diagnosis
Primary osteoarthritis 35,298 0.66 1 1876 3.23 1
Secondary osteoarthritis 1077 1.58 1.86 (1.12 to 3.11) 46 0 —

Rheumatoid arthritis 3040 1.32 1.86 (1.31 to 2.63) 185 3.24 1.01 (0.44 to 2.34)
Other arthritis 392 1.28 1.77 (0.73 to 4.30) 31 3.22 1.03 (0.14 to 7.40)
Other illness 328 0.92 0.93 (0.29 to 3.04) 28 3.57 1.05 (0.15 to 7.62)

Type of implanted prosthesis
Unicondylar 1425 0.35 0.59 (0.24 to 1.43) 4 0 —

Cruciate-retaining/
posteriorly stabilized

34,456 0.70 1 574 2.44 1

Constrained 3938 1.17 1.74 (1.27 to 2.40) 1167 3.60 1.75 (0.95 to 3.21)
Hinged 316 2.22 2.93 (1.34 to 6.40) 421 3.09 1.54 (0.72 to 3.28)

Patellar component
Not implanted 27,882 0.67 1 1211 3.88 1
Implanted 12,253 0.91 1.18 (0.93 to 1.50) 955 2.30 0.50 (0.30 to 0.83)

Fixation method
Cemented 37,142 0.72 1 1922 2.43 1
Hybrid 2051 0.93 1.26 (0.79 to 2.01) 215 1.59 1.66 (0.69 to 4.01)
Cementless 942 1.17 1.51 (0.82 to 2.79) 29 6.90 3.01 (0.70 to 12.90)

Same-day contralateral
arthroplasty

No 36,905 0.76 1 2145 3.22 1
Yes 3230 0.56 0.68 (0.42 to 1.10) 21 0 —

Bone grafts
None 39,412 0.74 1 1786 3.36 1
Any 723 0.83 0.83 (0.37 to 1.88) 380 2.37 0.61 (0.30 to 1.24)

Intravenous antibiotic
prophylaxis

Any 39,468 0.74 1 2100 3.10 1
None 667 0.60 0.77 (0.29 to 2.06) 66 6.06 2.15 (0.77 to 5.99)

Antibiotic cement‡
Any 33,411 0.69 1 1940 2.78 1
None 5782 1.00 1.35 (1.01 to 1.81) 197 6.60 2.10 (1.14 to 3.88)

Antibiotic prophylaxis
None 174 0 — 22 9.09 3.42 (0.81 to 14.50)
Intravenous only 6550 1.05 1.42 (1.08 to 1.88) 204 6.37 2.12 (1.14 to 3.92)

Cement only 493 0.81 1.13 (0.42 to 3.04) 44 4.55 1.85 (0.45 to 7.65)
Combined 32,918 0.68 1 1896 2.74 1
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responding hospitalization data in the Hospital Discharge
Register could be matched to Finnish Arthroplasty Register
data in 95.7% of the cases.

Table I describes the detailed demographic data on the
study population. Operative and perioperative details are presented
in the Appendix. Same-day arthroplasty of the contralateral
knee was performed in 7.6% of all cases. A patellar component
was implanted in association with 30.5% and 44.1% of the
primary and revision arthroplasties, respectively. Antibiotic-
impregnated cement was used for the fixation of at least one
prosthetic component in 84% of the knees. With few excep-
tions, all patients received antibiotic prophylaxis, for which in-
travenous cefuroxime was most often used.

The populations of patients undergoing primary and
revision arthroplasties were essentially similar with respect to
age, sex, and diagnosis, although some qualitatively small but
significant differences were observed (Table I) (see Appendix).

Reoperations
In total, 387 reoperations for the treatment of infection (0.90%;
95% confidence interval, 0.81% to 0.99%) were registered during

the follow-up period (average, 3.1 years; range, zero to 8.6 years),
and 262 (68%) of them were performed within one year after the
index procedure.

Partial revision arthroplasties (adjusted hazard ratio, 3.4;
95% confidence interval, 2.2 to 5.5) and revision total knee
arthroplasties (adjusted hazard ratio, 4.7; 95% confidence in-
terval, 3.6 to 6.3) were associated with significantly higher risks
of septic failure in comparison with primary knee replacement
without patellar resurfacing (Fig. 1).

Risk Factors for Infection
Table II presents the results of the adjusted analyses for primary
and revision knee arthroplasties. The results of the univariate
analyses and the proportions of the knees that had a reoper-
ation because of infection are presented in the Appendix.

Sex, diagnosis, the type of prosthesis, the use of antibi-
otic cement for prosthetic fixation, and postoperative com-
plications were found to be the strongest factors that showed a
significant association with postoperative infection following
primary knee replacement in the adjusted analyses (Table II).
With regard to revision arthroplasties, the strongest determi-

TABLE II (Continued)

Primary Knee Arthroplasty Revision Total Knee Arthroplasty†

No. of
Knees

No. of
Reoperations
for Infection

per 100
Knees

Adjusted
Hazard Ratio

(95% Confidence
Interval)

No. of
Knees

No. of
Reoperations
for Infection

per 100
Knees

Adjusted
Hazard Ratio

(95% Confidence
Interval)

Postoperative complications
None 39,706 0.70 1 2136 3.04 1
Any 429 4.90 7.08 (4.53 to 11.06) 30 13.33 5.80 (2.09 to 16.15)

Type of operating hospital
University hospital 8327 1.01 1 877 3.31 1
Central hospital 13,467 0.66 0.77 (0.56 to 1.05) 590 4.24 1.40 (0.81 to 2.40)
District hospital 13,515 0.72 0.88 (0.64 to 1.19) 258 1.16 0.41 (0.12 to 1.34)
Other 4826 0.58 0.62 (0.40 to 0.95) 441 2.72 0.87 (0.44 to 1.70)

Time since previous
arthroplasty§

NA NA

<2 years 1621 4.63 1.74 (1.06 to 2.86)

>2 years 540 2.71 1

Reason for revision# NA NA
Loosening 528 2.46 1
Infection 291 8.25 2.98 (1.49 to 5.95)

Luxation 81 3.70 1.76 (0.49 to 6.27)
Malposition 258 1.16 0.47 (0.13 to 1.67)

Fracture of bone 68 0 —

Fracture of prosthesis 110 3.64 1.47 (0.48 to 4.53)
Other reason 552 1.99 0.84 (0.37 to 1.87)
Patellar complication 59 1.69 0.65 (0.08 to 4.94)

*Significant results (p < 0.05) are marked in bold. NA = not applicable. †Partial revision arthroplasties are excluded. ‡Cementless knee
prostheses were excluded. §Data available for 2161 knees. #Data available for 1947 knees.
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nants of subsequent repeat revision because of infection
were sex, the use of antibiotic cement for prosthetic fixation,
postoperative complications, and the reason for revision
(infection).

Patient-Related Factors
Male patients had a higher overall risk of reoperation for in-
fection (hazard ratio, 1.6; 95% confidence interval, 1.3 to 2.0) as
compared with female patients after both primary and revision
knee replacement. The difference was independent of age and
also was seen in the subgroup of patients with primary osteo-
arthritis (data not shown).

There was an increased rate of reoperations because of
infection following primary arthroplasties performed for the
treatment of arthritic diseases other than primary osteoarthritis
(see Appendix). The ICD-10 diagnoses that were associated
with an increased risk of reoperations for the treatment of
infection, as compared with the diagnosis of primary osteo-
arthritis, were posttraumatic osteoarthritis (hazard ratio, 2.4;
95% confidence interval, 1.3 to 4.2), unspecified osteoarthritis
(ICD code M17.9) (hazard ratio, 2.7; 95% confidence interval,
1.3 to 5.4), seropositive rheumatoid arthritis (hazard ratio, 1.7;
95% confidence interval, 1.1 to 2.6), and fracture around the
knee (hazard ratio, 6.3; 95% confidence interval, 2.0 to 20.0).
After one year, the number of septic failures in patients with
rheumatoid arthritis did not differ significantly from that in
patients with primary osteoarthritis (hazard ratio, 1.3; 95%
confidence interval, 0.6 to 3.0) (Fig. 2).

Type of Prosthesis
In general, there was a trend showing an increased rate of in-
fections in association with constrained and hinged prostheses
in comparison with nonconstrained total knee prostheses (Fig. 3),
but in the adjusted analyses the trend was significant only for
primary arthroplasties (Table II). Although the rate of infec-
tions was the lowest after primary unicondylar knee arthro-
plasty, unicondylar prostheses did not survive significantly
better than nonconstrained total condylar prostheses did in the
subgroup of knees with primary osteoarthritis (hazard ratio,
0.6; 95% confidence interval, 0.2 to 1.5).

Antibiotic Prophylaxis
After primary knee arthroplasty, fewer infections were seen
when antibiotics were administered both intravenously and
impregnated in the cement used for prosthetic fixation (com-
bined antibiotic prophylaxis) than were seen when either
method of administration was used alone (Table II). The lack of
use of antibiotic-impregnated cement (hazard ratio, 1.42; 95%
confidence interval, 1.08 to 1.88) had a more dramatic effect
than did the lack of use of intravenous antibiotics (hazard
ratio, 1.13; 95% confidence interval, 0.42 to 3.04) in com-
parison with the use of combined antibiotic prophylaxis. This
finding also was seen after revision arthroplasty (correspond-
ing hazard ratios, 2.12 [95% confidence interval, 1.14 to 3.92]
and 1.85 [95% confidence interval, 0.45 to 7.65]). Despite clear
differences between different types of antibiotic prophylaxis in
terms of the infection rates after revision knee arthroplasty (Fig. 4),

Fig. 4

Kaplan-Meier curves illustrating crude prosthetic survival, with reoperation for the treatment of

infection as the end point, after revision total knee replacement performed with different types of

antibiotic prophylaxis and without antibiotic prophylaxis.
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a significant difference was observed only in the comparison
between intravenous antibiotics only and combined antibiotic
prophylaxis (Table II).

Postoperative Complications
The occurrence of any postoperative complication reported to
the Finnish Arthroplasty Register (n = 486 complications in 459
knees) was associated with an increased risk of reoperation for
the treatment of infection (hazard ratio, 7.2; 95% confidence
interval, 4.8 to 10.8) in comparison with uncomplicated cases.
The highest rates of reoperation for the treatment of infection
were related to anesthetic complications (11.8% [two of sev-
enteen]; 95% confidence interval, 3.3% to 34.3%), wound in-
fection (21.9% [fourteen of sixty-four]; 95% confidence
interval, 13.5% to 33.4%), wound hematoma (13.9% [five of
thirty-six]; 95% confidence interval, 6.1% to 28.7%), and
wound necrosis (14.3% [seven of forty-nine]; 95% confidence
interval, 7.1% to 26.7%). In uncomplicated cases, infection
resulted in reoperation in 0.82% (95% confidence interval,
0.74% to 0.91%) of cases.

Revision Arthroplasties
There were more reoperations for the treatment of infection
after revision arthroplasties performed within two years after the
preceding operation (hazard ratio, 1.7; 95% confidence interval,
1.1 to 2.9) than after revisions performed later. Infection accounted
for 33% of these early revisions (p < 0.001 for the differences in
the reasons for revision between early and late revisions) and
was strongly associated with the risk of repeat revision for the
treatment of infection (hazard ratio, 3.0; 95% confidence
interval, 1.5 to 6.0). Other reasons for revision were not as-
sociated with reoperation for the treatment of infection.

Discussion

The most important findings in the present study concern
the effect of diagnosis, constraint of the implanted pros-

thesis, the type of antibiotic prophylaxis, and wound-healing
complications on postoperative infections. Although male sex
also was associated with an increased rate of reoperations for the
treatment of infection, the conflicting results of earlier stud-
ies3,4,7,13 suggest that sex differences likely function as a proxy
for some risk factors that could not be further explored with
the present data.

Seropositive rheumatoid arthritis has been associated
with an inferior outcome and infection after knee arthro-
plasty1,2,14,15. However, even more infections were seen in the
relatively small group of younger patients having knee re-
placements because of secondary or, in particular, posttrau-
matic osteoarthritis. A hypothetical explanation might be the
effect of previous procedures2.

The higher rate of infection when a knee replacement is
performed to treat a fracture is in accordance with the increased
risk of infection when a hip replacement is performed to treat a
hip fracture16. The reasons underlying this association are likely
multifactorial and are related to both patient characteristics
and the complex nature of the operation. Lack of preoperative

conditioning of the teeth and skin and treatment of possible
infection foci, which is routine in elective joint arthroplasty,
also may have contributed to the increased infection rate.

It has been suggested that age, sex, and diagnosis should
be included as covariates in analyses of the outcome of ar-
throplasty7. As more infections occur in association with an
increase in prosthetic constraint, prosthesis type was included
to characterize the severity of arthritic joint destruction. This
method provided a viable explanation for the differences in the
infection rates between different types of hospitals.

It has been suggested that fewer infections occur after
unicondylar than total condylar knee replacement6,7,14. Sur-
prisingly, in the present series, the infection rate (although
lower after unicondylar knee arthroplasty) did not differ sig-
nificantly between unicondylar and nonconstrained condylar
knee prostheses in the adjusted analysis despite the typically
lesser tissue damage associated with unicondylar prostheses
(Fig. 3). Because of the low number of infections, however,
there was not enough statistical power for appropriate com-
parison. With longer follow-up, considerably more infections
have been reported to occur in the total knee arthroplasty
group, resulting in a more than threefold difference between
tricompartmental and unicondylar arthroplasty by ten years6.
We believe that the choice between these two prosthesis types
should be based on concerns other than the infection rate.

In recent years, antibiotic-impregnated cement has be-
come a standard in Nordic countries for use in primary ar-
throplasty17, although the scientific background for its use is
uncertain18,19. According to the present study, the rate of re-
operations for the treatment of infection was lowest when a
combination of intravenous antibiotic prophylaxis and pros-
thesis fixation with antibiotic-impregnated cement was used.
These results are comparable with those in a series of 22,170
primary total hip replacements from the Norwegian Arthro-
plasty Register17.

Although some experimental studies have suggested that
the concentration of antibiotic released from cement is subin-
hibitory20, the present study—together with an earlier large
register-based study 20—supports the opinion that the initial
burst of antibiotics released is sufficient to prevent the for-
mation of bacterial biofilm on the implanted prosthesis and
hence to prevent a postoperative infection. Prosthetic fixation
with antibiotic-impregnated cement seems to be of particular
value in the revision setting. Nevertheless, there is evidence to
support the efficacy of the combined regime as compared with
intravenous prophylaxis only for the prevention of deep post-
operative infection after primary knee arthroplasty in patients
with risk factors for infection (diabetes)21 and after operations
performed in suboptimal conditions22.

Revision arthroplasty carries an increased risk of infec-
tion1,2,15,23, but, to our knowledge, factors associated with later
infection after revision knee replacement have not been in-
vestigated previously. Even though >2000 revision arthro-
plasties were included in the present study, only sex, the type of
antibiotic prophylaxis, and the reason for revision emerged
with a clear association with subsequent septic failure. Sur-
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prisingly, diagnosis and age were not associated with an in-
crease in the infection rate. This finding concurs with those of
earlier reports on the outcome of revision knee replacement8,24

but may also be related to surgeons refraining from performing
repeat revisions for elderly or medically compromised patients.

Consistent with the results of earlier studies25-29, the high
rate of early septic failures following partial revisions in the pre-
sent study indicates that these operations cannot be considered
minor. The reasons for the need for surgery should be carefully
evaluated to rule out a possible underlying low-grade infection.

The use of register-based materials, unfortunately, is not
without limitations. No microbiological data or clinical data on
the infection are recorded, and cases of infection cannot
therefore be confirmed. Then, if the primary outcome is based
on data concerning surgical interventions, infections that were
treated conservatively are discarded. Additionally, coding of
complications in administrative registers, such as the Finnish
Hospital Discharge Register in our case, with the appropriate
ICD diagnosis codes is infrequent10. Therefore, the overall in-
fection rate seen in the register materials is lower than that seen
in clinical series and infection-surveillance programs3,4,30. On
the other hand, the cases considered to be infections in the
present study were very likely true infections. The infections
that have remained undetected are probably distributed ran-
domly within different patient subgroups and therefore do not
cause any systematic bias in the results. However, the case num-
bers were low in some patient subgroups despite comprehen-

sive follow-up and extensive materials, achieved by combining
data from two national Finnish registries. The reader should
therefore keep the probability of false-negative results in mind
when considering the results of the present study.

Appendix
Tables showing operative and perioperative variables and
the results of the univariate analyses are available with the

electronic versions of this article, on our web site at jbjs.org (go
to the article citation and click on ‘‘Supplementary Material’’)
and on our quarterly CD/DVD (call our subscription depart-
ment, at 781-449-9780, to order the CD or DVD). n
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