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Abstract
Background: Periprosthetic joint infection (PJI) is the most serious and feared complication in total knee
arthroplasty (TKA) and can have catastrophic consequences. The number of total knee arthroplasties has
increased and will continue to increase so that the number of infections will also be greater in the future.
The aim of this study is to identify the most relevant risk factors associated with infection after a total
knee prosthesis in a Spanish population. Methods: This is a case-control study of patients who
underwent total knee arthroplasty at the University Hospital of Salamanca during the period January 1
2010 until January 1, 2015. TKA PJI was detected in 66 patients. As controls, a similar number of patients
from the same period who did not develop a periprosthetic infection were included. Demographic and
clinical variables were collected. A descriptive and inferential analysis was performed. Results: Diabetes,
ASA grade, obesity and the use or not of antibiotic loaded cement were statistically significant related to
the appearance of the infection. For the variables of surgical time and ischemia time, this relationship
disappeared when the logistic regression was made. Conclusions: Our study provides evidence that
diabetes, cement type, ASA and BMI were independently associated with increased risk of PJI for TKA
patients in a Spanish population. We think that modifiable risk factors were specifically relevant and for
that reason we can reduce the infection rate.

Background
Total knee arthroplasty is a safe and effective procedure for the treatment of osteoarthritis and other knee
diseases. Periprosthetic joint infection (PJI) is the most serious and feared complication in total knee
arthroplasty (TKA) and can have catastrophic consequences. [1,2]. It causes a significant loss of quality
of life and increases costs for the health care system [3]. The number of total knee arthroplasties has
increased and will continue to increase so that the number of infections will also be greater in the future
[4].
The incidence of PJI is variable, and in Spain it is approximately 2% [5]. There are several risk factors for
PJI after TKA, including demographic factors such as age , sex , race , and comorbidities including
diabetes, obesity, reumathoid arthritis [4,6–10] . Other risk factors that may be involved in the onset of
infection are surgical factors, such as bone cement type (with or without antibiotics), surgical time,
ischemia time [10–14]. The identification of the most important risk factor is a key element to implement
measures that can reduce the rates of periprosthetic joint infection after TKA. Some risk factors can be
modified, thus allowing a possible reduction in the incidence of infections.
The aim of this study is to identify the most relevant risk factors associated with infection after a total
knee prosthesis in a Spanish population.

Methods
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This is a case-control study of patients who underwent total knee arthroplasty at the University Hospital
during the period January 1 2010 until January 1, 2015. During this period, TKA PJI was detected in 66
patients. As controls, a similar number of patients from the same period who did not develop a
periprosthetic infection were included. Inclusion criteria included age over 18, no previous native knee
infection, primary osteoarthritis and primary knee arthroplasty. Exclusion criteria included previous
trauma, avascular necrosis, inflammatory arthroplasty, previous knee surgery and revision surgery cases.

Study population
All patients included were admitted to the University Hospital, a third level teaching hospital. Data was
obtained from clinical records from the Clinical Documentation Unit of University Hospital for each
patient (100% codification CIE 9). For the collection of the case group, a search of our database was
performed using As keywords diagnosis of TKA infection, replacement of knee prosthesis, septic
loosening of TKA was chosen. For the control group, the search term used was TKA arthroplasty.
Demographic and clinical variables were collected. Also, variables were collected which could be related
to the appearance of a possible periprosthetic infection. The characteristics of the sample are presented
in Table 1.

Surgical procedures
All patients received antibiotic prophylaxis with cefazolin (2gr iv) or cefuroxime (1,5gr iv). vancomycin
was used in patients allergic to penicillin. Following surgery, three further doses of cefazolin 1gr iv/8
hours/day or cefuroxime 750mg/iv/8 hours/day were administered. For skin preparation povidone iodine
was used. A pneumatic tourniquet was used in all cases. All procedures were performed through a
medial parapatellar approach. In all cases, all cemented impants were used, all patellae were resurfaced
and a vacuum drainage was used.

Definition of periprosthetic infection
All cases that appeared in the clinical records with the diagnosis of periprosthetic knee infection were
reviewed exhaustively to ensure the diagnosis was correct. The diagnosis of periprosthetic knee infection
was made according to the criteria of the international consensus (Consensus international Parvizi): the
following symptoms and signs were found: (1) a sinus tract communicating with the prosthesis; (2)
positive culture results from tissue or fluid samples from the affected prosthesis; or (3) 4 of the following
6 criteria are present: (a) elevated serum C-reactive protein level and erythrocyte sedimentation rate, (b)
elevated synovial white blood cell count, (c) high synovial polymorphonuclear (PMN) leukocyte
percentage, (d) presence of purulence in the joint, (e) positive culture result from one sample from the
affected joint, and (f) PMN leukocyte count of more than 5 per high-powered field in 5 high-powered fields
on histologic analysis at 4006 magnification.

Statistical analysis
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A descriptive analysis was performed. The distributions of demographic characteristics and risk factors
between cases and controls were compared using t-student test for quantitative variables and chi-square
tests for categorical variables. For the analysis of the effect of each risk factor on the appearance of the
infection, a regression analysis was performed and the odds ratio was calculated. We have also
calculated the association measures and the attributable fraction of risk for each factor, and the risk
differences, selecting those factors that have shown greater impact. The attributable fraction of the risk
means how much of the risk of occurrence of the infection is due to exposure to the risk factor. In other
words, attributable fraction estimates the fraction of risk which could be avoided if the factor were
eliminated. The calculation of this measure allows to know in a more exact way the effect of a risk factor
in the appearance of an event.

Results
The average age and sex distribution are homogeneous in cases and controls. In the case group, 27% of
patients received antibiotic loaded cement, compared to 57% of the patients who were in the control
group and did not have an infection. Diabetes was more frequent, almost double, in patients who had an
infection than the control group cases. Likewise, obesity was much more frequent in the case group. A
higher American Society of Anesthesiologist (ASA) score of III and IV was seen in the infection group
much more frequently than in the control group. It was also observed that those cases that presented the
infection required more surgical time and longer tourniquet time. Of the variables studied, we found that
diabetes, ASA grade, obesity and the use or not of antibiotic loaded cement were statistically significant
related to the appearance of the infection. For the variables of surgical time and ischemia time, this
relationship disappeared when the logistic regression was made. For the statistically significant variables
we calculate the risk and association measures. The attributable risk and the association measures were
calculated as shown in Table 2.

Discussion
Total knee arthroplasty is a surgical procedure that offers very good results with pain relief and
restoration of function [15]. Infection is one of the most feared complications and is the most important
cause of TKA revision. The proper management of the infected TKA usually requires new surgical
procedures, prolonged hospital stays and prolonged antibiotic treatment and therefore, it is important to
know what are the risk factors of the infection for its control [16,17].
In our country, the infection rate of knee arthroplasties is higher than those reported in other countries
[4,17,18]. The data of infection rates in primary TKA presented in arthroplasty registers from some
countries show infection rates less than 2% [19–21] , in our country it is around 2% [17]. The actual
incidence of prosthetic knee infection may not be well analyzed. Several factors can introduce important
biases [22] .Several risk factors have been linked to the onset of the knee prosthesis infection. Some
factors are related to biodemographic characteristics. Many authors find that factors related to the
patient are the most important risk factors in the onset of infection [23]. The most important
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biodemographic factors related to TKA infection were ethnicity, obesity, diabetes, rheumatoid arthritis and
comorbidities [23]. Other factors that may be involved in the onset of infection are surgical factors, such
as type of cement used, surgical time, ischemia time, antibiotic prophylaxis, surgeon experience and
operating room environment . Several authors have conducted studies about the risks factors for
infection in TKA. There is no consensus for all the factors and there are even some contradictory data,
but, it seems evident that there are some risk factors for prosthetic infection that should be corrected.
Some of these factors are related to a greater susceptibility to infection such as steroid treatment or
rheumatoid arthritis where we know that there may be some immunosuppression.
We have found significant differences between the two study groups for the risk factors indicated in table
1. These risk factors that are related to infection are: cement type, obesity, ASA grade and diabetes. In the
case of surgical time and ischemia time, when a regression analysis was performed, the statistically
significant association disappears.

Patient risks factors
In the case of patient risks factors, we find that diabetes, obesity an ASA score are statistically significant
with TKA infection. Glycemic control was an important factor to preventing surgical site infection. Some
studies have pointed out the relationship between diabetes and the increased risk of infection of
arthroplasties [6,8,24,25] . For the obesity we find also a relationship with infection. Obesity is also a
factor related to the development of periprosthetic infection of the knee, especially if it is associated with
diabetes [24,26]. In a large study about risk factors for PJI in Knee arthroplasty Namba et al [10] finds a
statistically significant relationship between obesity, diabetes, ASA grade and the risk of periprosthetic
infection of the knee. Other risk factors identified in this study were the male gender and age. In our study,
we did not find a relationship between gender and age with a higher risk of periprosthetic knee infection.
But it must be borne in mind that the ASA grade is a reflection in part of the comorbidity suffered by the
patient. On these three factors, it is possible to establish control measures, especially the glycemic
normalization and weight loss. Among the patient factors, age and male gender have been indicated by
some authors . In our study we have not found that these factors have an influence on the appearance of
the infection. We did not find a relationship between urban or rural patient origin and PJI.

Surgical risks factors
For the surgical factors we find that only cement type have effect in the risk of PJI in knee arthroplasty. It
would seem logical to think that the antibiotic-laden cement had a protective effect on infection
appearance, but this fact has not been verified. The relationship between the use of cement with
antibiotics and the risk of periprosthetic infection has been analyzed by several authors. Namba et al [10]
in his large study does not find that the antibiotic-laden cement has a protective effect on the appearance
of the periprosthetic infection, rather on the contrary. This author indicates that perhaps the patients with
the highest risk of infection are those who receive cement with antibiotics. Tayton et al. [23] in a study
from New Zealand Joint Registry find similar results. This author finds that the use of antibiotic loaded
cement is a factor associated with the appearance of a periprosthetic infection a six month after knee
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arthroplasty. Bhom et al [27] in a study with data from the Canadian registry finds that the use of cement
with antibiotics has no effect on the revision rate after total knee replacement. Similarly, Hinarejos et al.
[28] finds no difference between the use of cement with or without antibiotic and the risk of periprosthetic
infection after total knee arthroplasty. Our results differ from those previously mentioned and it is difficult
to find a cause that explains this disparity. In our study, the two groups presented similar basal
characteristics and the use of cement with antibiotics or not depend on a decision of the main surgeon.
Other surgical risk factors studied were surgical time and ischemia time. In our study we have not found a
relationship between both factors and the development of an periprosthetic infection when we conducted
a logistic regression study. But,the duration of the surgical procedure has been linked to a higher risk of
infection. Some authors have found a relationship between surgical time and PJI after knee arthroplasty
[10,29]. These authors have even pointed out that times greater than 127 minutes may be associated with
an increased risk of infection.
We think that modifiable risk factors were specifically relevant and for that reason we can reduce the
infection rate.
This study presents some limitations. The size of the sample can be considered small, although this is a
less important factor because it is a case-control study. Likewise, the type of statistical study can solve
the smallest sample size. In the study of the risk factors related to infection, various statistical tools have
been used. In some cases, some of the factors that were initially shown as relevant, lost their significance
in another type of analysis. In this case we believe that the study of attributable risk fraction is interesting
because it can offer us more evident data of the impact of a risk factor in the appearance or not of a
clinical event, in this case the infection of the TKA. In our opinion, the findings of risk measures are
interesting, especially the attributable risk that informs us of the impact of each risk factor in the
incidence of infection, both for the study population and for the general population. To our knowledge,
this is the first study that has presented this data. Our study provides evidence that diabetes, cement type,
ASA and BMI were independently associated with increased risk of PJI for TKA patients in a Spanish
population. These results allow us to establish some preventive measures of periprosthetic infection
such as weight loss, glycemic control, comorbidity control, in addition to those already established in
general terms such as antibiotic prophylaxis and skin preparation.

Conclusion
We think that modifiable risk factors were specifically relevant and for that reason we can reduce the
infection rate.

Abbreviations
PJI: Periprosthetic joint infection ; TKA: total knee arthroplasty; PMN: polymorphonuclear ; ASA: American
Society of Anesthesiologist
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Table 1. The characteristics of the sample

Significance

CONTROLS

CASES

N=66

N=66

Sex (Female/Male)

46/20

38/28

Age (Median, IQR)

81.2 (8.8)

81.0 (13.7)

Cement (with/without)

38/28

18/48

Pre-op Prophylaxis (Cefazolin/Curoxima)

23/43

27/39

Diabetes (Yes/No)

13/53

24/42

p=0.033

Obesity (No/Overweight/Intermediate /Severe)

29/31/4/2

11/24/26/5

p=0.000

ASA (I/II/III/IV)

3/51/12/0

0/15/48/3

p=0.000

Origin (Urban/Rural/Institution)

27/28/0

23/37/6

Surgical time (median, IQR). min.

70 (10)

112 (20)

p=0.000

Tourniquet time (median, IQR), min.

50 (10)

80 (14)

p=0.000

Table 2. Risk factors
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p=0.000

RD

Cement

GRD

AFE

0.025 0.010 0.72 (CI :0.430.87)

Diabetes

0.021 0.004 0.56 (CI :0.06-

0.96)

ASA (III-IV)

3.62(CI: 1.06-5.12)

0.20(CI :0.34-

2.33 (CI: 1.06-5.12)

0.38)

0.192 0.008 0.88(CI :0.70-

30

0.51(CI :0.31-

OR

073)

0.80)
Obesity IMC >

AFP

0.079 0.014 0.93 (CI :0.850.97)

0.41(CI :0.27-

8.86 (CI: 3.36-

0.55)

23.33)

0.72(CI:0.59-

15.30 (CI: 6.54-

0.85)

35.80)

RD: Risk Difference ; GRD: General population risk difference ; AFE: Attributable fraction in exposures; AFP:
Attributable fraction in population ; OR :Odd ratio; CI : 95 % Confidence interval
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