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Introduction
Total knee arthroplasty (TKA) is still considered after many 
years a significant advancement in orthopedic surgery, 
achieving high rates of patient satisfaction.[1] The goal of the 
surgery is to reconstruct damaged knees by repairing mobility 
and decreasing pain caused by different types of arthritis 
such as rheumatoid arthritis, degenerative osteoarthritis, and 
posttraumatic osteoarthritis.[2] The number of knee arthroplasty 
surgeries is increasing with the aging population worldwide.[3] 
It also showed a significant increase in prevalence over time 
and a shift to younger ages.[4] An estimated number of 
3.0 million women and 1.7 million men had undergone TKA 
in the US in 2010, indicating a higher prevalence in females.[5] 
Another US study expected that by 2050, 6 million people 
would have TKA.[6]

Similar to other major surgeries, TKA comes with risks and 
complications, surgical site infection (SSI) is one of the main 
complications.[7] A study by Babkin et al. in 2007 included 
180 patients who underwent TKA showed that 5.6% developed 
superficial or deep SSIs.[8] Another study by Carroll and 
Camins had an annual rate of SSI after TKA that ranged from 
0.3% to 1.6% over 10 years from 2001 to 2011.[9] The most 
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common organisms found in SSIs after TKA surgery have 
been studied as well. Berríos‑Torres et al. conducted a study 
between 2006 and 2009 that showed methicillin‑sensitive 
Staphylococcus aureus (MSSA) representing 23% of 6,263 cases, 
followed by methicillin‑resistant S. aureus  (MRSA), which 
accounted for 18%, and coagulase‑negative Staphylococci 
accounted for 17%.[10] This study reviewed the rates of SSIs 
in TKA surgery and whether comorbidities, length of stay, 
body mass index (BMI), and other variables affect the rate of 
SSI. This study is considered the first in the region, and such 
data would provide valuable insight into the local rate of SSI 
post‑TKA.

Methods
This is a retrospective chart review study in a single tertiary 
center that included all patients who underwent TKA from 
January 2016 to December 2018. We included all patients who 
underwent primary TKA due to osteoarthritis and developed 
superficial SSI. The exclusion criteria included any patient 
with documented previous infection (superficial or deep) in 
the upper or lower limbs, patients with positive urine, blood or 
respiratory cultures, any tumor case, no follow up for at least 
2 years, any patient using immunosuppressive medications or 
labeled as immunocompromised, and patients who developed 
deep or chronic infection that led to surgical intervention.

The data was collected by the co‑investigators after obtaining 
approval from the institutional review board (IRB). The data 
were accessed and collected from the electronic medical 
records  (Bestcare 2.0, ezCaretech, Seoul, Korea) of the 
patients. The data collection sheet included  [Table  1] the 
following variables (age, gender, BMI, comorbidities, site of 
knee arthroplasty, presence of an infection, site of infection, 
the organism causing SSI, drain volume and duration, time 
of primary dressing removal, duration of stay, and year of 
operation). The diagnosis of the infection was made by 
the findings of clinical examinations acutely  (<3  weeks 
postoperatively) that included small superficial abscess, 
redness, swelling, or discharge, which was confirmed afterward 
by cultures obtained from a wound swab.

Data were entered using Excel and analyzed using STATA 
14  (StataCorp.  2015. Stata Statistical Software: Release 
14. StataCorp LP, College Station, TX, USA). Statistical 
summaries were viewed as frequencies and percentages to 
describe categorical variables and mean ± standard deviation 
(SD) was used for numerical variables  (age, gender, BMI, 
comorbidities, site of knee arthroplasty, the presence of an 
infection, site of infection, the organism of SSI, drain volume 
and duration, time of primary dressing removal, duration 
of stay). Chi‑square with Fisher’s exact tests were used for 
categorical variables to assess associations between infections 
and the demographics and comorbidities between the two 
groups. The Student’s t‑test was utilized to test differences 
between the means of the two groups for numerical variables. 
The level of significance at alpha ≤0.05.

Results
A total of 735 surgeries were performed, 46% of those cases 
were left TKA, 40% were right TKA, while the remaining 
14% were bilateral. Females represented 75.9%  (558) of 
patients, and the mean age was 64  ±  9.3 SD. Obesity was 
the most prevalent comorbidity. According to the Centers for 
Disease Control and Prevention’s classification,[11] 80.3% of 
the patients were obese. The other common comorbidities 
were hypertension (63.3%), dyslipidemia (50.6%), diabetes 
mellitus (50.6%). Detailed patients’ characteristics are listed 
in Table 1.

SSIs were found in 11  patients, and two of them had 
multiple organisms. Five organisms were identified; the 
most common were MRSA and MSSA, each affecting three 
patients  [Table  2]. These patients received an appropriate 
course of antibiotics based on the organisms found in their 
respective cultures  [Table  3]. None of the cases needed 
irrigation and debridement since deep infections were excluded 
from data collection.

All patients had received preoperative cefazolin for 
prophylaxis, and postoperative prophylaxis was given for 1 or 
3 days depending on each consultant’s protocol, no differences 
in infection rates between protocols were noted. Clips for skin 
closure were used, and hemovac drain was on average put for 
3 ± 1.6 days.

The mean total drain volume was 365 ml. The primary dressing 
was removed after 4 days on average, which is mostly a day 

Table 1: Description of the patients’ characteristics

Characteristics Total (n=735)
Age mean years±SD 64±9.03
Gender (female/male) 558/177
BMI (kg/m2) 34.87±6.015
Comorbidities

Diabetes mellitus 372
Hypertension 465
Dyslipidemia 372

Hospital stay, mean days±SD 8±4.9
SD: Standard deviation, BMI: Body mass index

Table 2: Identified organisms of surgical site infections 
after total knee arthroplasty

Organisms Total (n=11), frequency (%)
MRSA 3 (27.3)
Pseudomonas 1 (9.1)
MSSA 3 (27.3)
Light growth of micrococcus species 1 (9.1)
Unknown organism* 1 (9.1)
Multiple organisms 2 (18.1)
*The patient had clinical signs of a surgical site infection with a positive 
culture but unidentified organisms. S. aureus: Staphylococcus aureus, 
MSSA: Methicillin‑sensitive S. aureus, MRSA: Methicillin‑resistant S. 
aureus
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after the drain’s removal. The mean length of hospital stay 
after the surgery was 8 ± 4.9 days. All tested variables and 
comorbidities returned statistically insignificant correlations in 
Pearson’s Chi‑square test and Fisher’s exact test. Appropriate 
mean testing was not possible due to the wide distribution 
discrepancy between the two groups (positive and negative 
infection).

Discussion
This study showed a comparable incidence of SSI when 
compared to international data  (ranging from 0.1% to 
5.5%).[12] In the United States, a nationwide study was 
conducted, including all patients who had undergone TKA 
between the years 1990 and 2004. The data were collected 
from the Nationwide Inpatient Sample  (NIS) database 
and found an incidence of 0.9% SSI after TKA among 
4,619,633 patients. There are many patient factors that could 
influence outcomes in arthroplasty that cannot be determined 
from the NIS data due to the fact that it is not intended to be 
a clinical data set.[13]

The different backgrounds of each culture and country may 
have an effect on medical practice, and the incidence infection, 
including SSI.[14] Ashraf et al.[15] studied the SSI rate among 
TKA patients in Pakistan and found 1.2% to be the incidence 
in one tertiary hospital. This may represent resemblance to this 
study and population; however, their sample size was relatively 
small in comparison (164 patients).

In a specialized hospital in Hannover, Baier et al. conducted 
a retrospective cohort study that included 2439 patients who 
underwent TKA between the years 2007 and 2010.[16] He 
found that the cumulative incidence of SSI was 3.4%, which is 
relatively high compared to the published literature. However, 
it decreased continuously over time, from 4.4% in 2007 to 
2.5% in 2010. The analyzed independent risk factors showed 
results, in line with the published reports.

Looking at local data, a national surveillance has not yet been 
established. Moreover, local studies were focused more on 
involving all kinds of orthopedic surgeries. Al‑Mulhim et al. 
found an SSI rate of 2.6% among 3096 patients over 5 years 
of analysis.[17] However, their results were calculated from 
emergency and elective orthopedic surgeries. Another study 
by Al‑Kenani et al. showed a rate of 3.42% SSI following 
foot and ankle surgeries in 295 patients who underwent 353 
surgeries.[18] However, comparisons to local data cannot be 
drawn to this study sample.

SSI rate is believed to have multiple factors, which can 
be categorized into the patient, surgical technique, and 
environmental factors.[19] Obesity was found to be high 
among this study sample; 96% of our patients had a BMI 
of >25, and 45% had BMI of >35. This was reflected in the 
results; a high percentage of patients who developed SSI 
were found to be obese  (54% ‑   as defined by BMI  >30), 
although no clear statistical significance was noted. Obesity 
is still one of the most prevalent risk factors that have a 
primary influence on the rate of SSI among recipients of 
TKA. Questioning whether obesity is an independent factor 
to develop SSI in TKA can be affected by the fact that 
patients with high BMI are at greater risk of developing 
knee osteoarthritis, which is apparent among this study 
population (>96%). Recent data in 2018 by Wilson et al.[20] 
failed to show obesity  (BMI >30) as an independent risk 
factor to develop SSI.

Most of the study subjects who developed SSI had 2 or more 
medical comorbidities  (72%); including diabetes mellitus, 
hypertension, dyslipidemia, and cardiovascular disease. Kong 
et al.[21] conducted a meta‑analysis studying the risk factors 
of SSI among TKA recipients; they included 15 studies from 
1990 to 2015 and found that diabetes, obesity, and age have a 
measurable influence on the rate of infection. However, other 
comorbidities failed to be correlated.

Table 3: Comorbidities and infection details per case

Gender Hypertension Diabetes Dyslipidemia BMI 
(kg/m2)

Hospital 
stay (days)

Organism Antibiotic Length of antibiotics 
course (days)

Male No No No 23 26 MRSA Augmentin 10
Female Yes No No 23.6 40 Pseudomonas Ciprofloxacin 22
Female Yes Yes Yes 30.7 8 MSSA Cefuroxime 15
Female No No No 40 9 E. coli, S. pyogenes Clindamycin 14
Female Yes No Yes 38.7 17 MRSA Clindamycin 84
Male Yes Yes Yes 29.3 42 MSSA Clindamycin and 

ciprofloxacin
Extended course of 

antibiotic
Female Yes No Yes 41.7 7 MSSA Clindamycin 10
Female Yes No Yes 39.9 9 MSSA, E. coli Tazocine 7
Female Yes No Yes 27 11 Unknown Vancomycin 42
Female Yes Yes Yes 26.1 39 Light growth of 

micrococcus species
Not documented Not documented

Female Yes Yes Yes 39.9 9 MRSA Vancomycin and 
ceftazidime

10

E. coli: Escherichia coli, S. pyogenes: Streptococcus pyogenes, S. aureus: Staphylococcus aureus, MSSA: Methicillin‑sensitive S. aureus, MRSA: 
Methicillin‑resistant S. aureus, BMI: Body mass index
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SSI in the orthopedic reconstructive surgery literature has 
many conflicting data to consider whether bilateral TKA 
is an independent risk factor or not. Kong et al.,[21] in their 
meta‑analysis, had two studies that failed to show higher 
statistically significant risk with bilateral surgery, with P value 
of 0.59. Among this study sample, only 18% of those who 
developed SSI, underwent bilateral surgery without any 
statistical significance. The authors attribute this to low number 
of positive cases of superficial SSI among in the sample, and as 
such, conclusions cannot be drawn from this study regarding 
comorbidities and their effect on SSI. Moreover, the organisms 
responsible for the infections may not be accurately represented 
since swabs from the wounds can give false‑positive results 
of S. aureus from the skin flora. More limitations are noted, 
including the limited regional literature on SSIs post‑TKA. In 
Addition, retrospective review of such patients was influenced 
by the different surgeons’ style and preference.

Conclusion
This study showed a comparable incidence of SSIs to the 
published literature. The incidence of SSIs after TKA in this 
study was 1.5%, while international data showed incidence 
that ranged from 0.1% to 5.5%.[12] The authors believe that 
this study while failing to draw conclusions that identify the 
risk factors of developing SSI post‑TKA, due to the small 
proportion of positive outcomes (SSIs); it reports an important 
incidence figure of SSI post‑TKA in the region.

Recommendations
Regional efforts to accurately represent measurable surgical 
outcomes are currently lacking in the literature. This study 
affirms the need for future multi‑central studies for a complete 
picture. Moreover, additional research should focus on 
approaches to prevent SSI after TKA surgeries.
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