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Abstract
Purpose Time-dependent surgical instrument contamination and the effect of covering during arthroplasty have not been 
investigated. This study aimed to evaluate time-dependent contamination of surgical instruments and the effect of covering 
on contamination as well as to perform bacterial typing of contaminated samples. The hypothesis was that covering the 
surgical instruments would decrease contamination rates.
Methods Sixty patients who underwent total knee arthroplasty were randomized and divided into two groups: surgical 
instruments covered with a sterile towel or surgical instruments left uncovered. K-wires were used to extract microbiological 
samples. The K-wires were placed in a liquid culture medium at 0, 15, 30, 60, 90, and 120 min. After 24-h incubation period, 
samples from liquid cultures were cultured on blood agar using swabs. Samples with growth after 48 h were considered 
contaminated. Microscopic, staining, and biochemical properties were used for bacterial typing.
Results Bacterial growth started after 30 and 60 min in the uncovered and covered groups, respectively. An increase in the 
number of K-wires contaminated with time was detected. At least 10,000 CFU/mL bacterial load was observed in the culture 
samples. Contamination was more significant in the uncovered group. A statistically significant difference in contamination 
was found between the uncovered and covered groups at 30-, 60-, 90-, and 120 min (p = 0.035, p = 0.012, p = 0.024, and 
p = 0.037, respectively). The most common bacteria on the contaminated instruments were coagulase-negative Staphylococci 
(60.4%), Staphylococcus aureus (22.9%), and Streptococcus agalactia (16.7%), respectively.
Conclusion The risk of contamination increases with time. However, it may decrease if surgical instruments are covered. 
In the clinical practice, empiric antibiotic regimens based on the type of identified microorganisms in this study may be 
developed for postoperative periprosthetic joint infection prophylaxis.
Level of evidence Prognostic, Level II.
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Introduction

Periprosthetic joint infection (PJI) is a significant burden 
to the patient and economically to the health care system 
[1]. Requirement of total joint arthroplasty and associated 
PJI is expected to increase [11]. Therefore, it is important 
to control risk factors to decrease infection rates.

Several risk factors which influence PJI were evaluated 
previously [1, 10]. These risk factors may be classified as 
patient and perioperative environment-related risk factors 
[7]. Many of these risk factors are modifiable [1]. Modifi-
able risk factors have been reported as antibiotic prophy-
laxis, diabetes mellitus, obesity, malnutrition, smoking, 
vitamin d deficiency, methicillin-resistant Staphylococcus 
aureus colonization, inflammatory arthropathies, surgical 
site preparation, wound irrigation, operative room envi-
ronment, and aggressive anticoagulation [2]. As intraop-
erative risk factors, effect of bleeding, body temperature, 
room trafficking, air filtration, gloving, irrigation, and 
suture materials on PJI have been evaluated [7]. However, 
the effect of contamination of surgical instruments dur-
ing arthroplasty has not been investigated. Therefore, the 
primary aim of this study was to evaluate time-dependent 
contamination of surgical instruments and the effect of 
covering surgical instruments on contamination. In addi-
tion, this study aimed to perform bacterial typing of the 
contaminated samples. The hypothesis of this study was 
that covering the surgical instruments would decrease con-
tamination rates.

Methods

After obtaining the local ethics committee’s approval, 
contamination of surgical instruments was assessed pro-
spectively during TKA surgery. All operations were per-
formed by one surgeon and assisted by the same operating 
team in the same operating room with laminar flow. Room 
temperature and humidity were kept between 20 ℃ and 
24 ℃, and 20% and 40%, respectively. The same operat-
ing team assisted in all operations. Movement in the room 
was strictly controlled by the circulating nurse. The door 
was closed before the start of the operation and no entry or 
exit was allowed until the wound was completely closed. 
A total of 60 patients who underwent primary TKA for 
unilateral varus OA between October 2018 and January 
2019 were included in the study. Patients with a history of 
previous knee surgery (14 patients) or prior septic arthritis 
(three patients) of the native joint were not included in the 
study. Patients were randomly allocated to two groups. 
Randomization was performed by the “two-choice closed 

envelope method” with the envelope being chosen by the 
patient. Six pieces of Kirschner wires (TST, Istanbul, 
Turkey), 2 cm long and 1.5 mm thick, were added to the 
surgical trays before sterilization to collect samples at dif-
ferent times. A total of 60 surgical trays, 30 uncovered and 
30 covered, were included. Demographic data of the 60 
patients are summarized in Table 1.

All trays were opened 5 min before the surgeon was 
ready to use them. The circulating nurse first opened the 
top wrapper flap and then opened the flaps to each side. The 
scrubbed nurse took out the instruments and K-wires with 
sterile forceps. Sterilization of the contents was confirmed 
using indicator strips. Wet and damaged packages were con-
sidered contaminated and were excluded from the study. In 
the uncovered group, the surface of the back table including 
all surgical instruments was left uncovered. In the covered 
group, the surface of the back table including surgical instru-
ments was immediately covered with a sterile towel (Fig. 1). 
It was repeatedly covered after every instance of removal of 
an instrument from the tray. K-wires were placed in contact 
with the surgical instruments.

The K-wire samples were obtained and placed in the liq-
uid culture medium immediately after opening (time zero) 
and at 15, 30, 60, 90, and 120 min after opening. Then, all 
culture media were placed in the incubator. Patients were 
followed up for a minimum of 6 months postoperatively.

K-wires were placed in sterile tryptic soy broth (TSB) 
liquid culture mediums (RTA, Kocaeli, Turkey) using asep-
tic techniques and incubated at 37 °C for 24 h. At the end 
of the incubation period, the samples were retrieved from 
the liquid culture medium using sterile loops (Fig. 2). Each 
plastic calibrated loop was removed from its package asepti-
cally. A 0.001-mL loop was inserted vertically into the TSB, 
allowing it to adhere to the loop. Then, a loopful of liquid 
was spread on the surface of a 5% sheep blood agar plate 
(RTA, Kocaeli, Turkey), and the plates were incubated at 
37 °C. Microbiological procedures and evaluations were 
performed by an expert microbiologist, and the presence 
of growth on the plaque at the end of 48 h was recorded 

Table 1  Summary of patient demographics of the two groups

Uncovered 
group 
(n = 30)

Covered group
(n = 30)

p

Age (mean ± SD) 65.6 ± 9.6 64.0 ± 7.2 n. s.
Sex n. s.
 Female 22 24
 Male 8 6

BMI (mean ± SD) 27.7 ± 2.9 28.5 ± 3.6 n. s.
ASA score (median) (range) 2 (1–3) 2 (1–3) n. s.
Follow-up (months) 

(mean ± SD)
7.2 ± 3.5 7.0 ± 2.2 n. s.
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Fig. 1  a Uncovered instruments. 
b Covered instruments

Fig. 2  a Clear (no bacterial 
growth) and turbid (bacterial 
growth following contamina-
tion) appearance of mediums. 
b The presence of growth on 
the blood agar plaque at the end 
of 48 h
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(Fig. 2). Microscopic, staining, and biochemical properties 
of the microorganisms were evaluated by the expert micro-
biologist. The number of colony-forming units (CFUs) was 
multiplied by 1000, because the 0.001-mL loop was used to 
determine the number of CFU/mL in the original specimen.

Data were analyzed with IBM SPSS V23 (IBM, Armonk, 
NY, USA). Distribution of the data was examined using the 
Shapiro–Wilk test. Independent samples t test was used for 
comparison of normal distribution data based on contamina-
tion, and the Mann–Whitney U test was used for compari-
son of non-matching data. The Chi-square test was used to 
examine qualitative data. A post hoc power analysis was 
performed to detect statistical power. Results of the analysis 
were presented as the mean ± standard deviation for quanti-
tative data and as frequency (percentage) for qualitative data. 
A p value < 0.05 was considered significant.

Results

Growth was detected in 6 of 30 (20%) sets in the uncov-
ered group at 30 min, whereas growth was detected in 2 of 
30 (6.7%) sets in the covered group at 60 min (p = 0.024) 
(Table 2). Contamination increased with time. The contami-
nation rates at 120 min were 43.4% in the uncovered group 
and 16.7% in the covered group. A statistically significant 
difference in contamination was detected at the 30-, 60-, 90-, 
and 120 min (Table 1). The most common bacteria detected 
on the contaminated instruments were coagulase-negative 
Staphylococci (60.4%), Staphylococcus aureus (22.9%), 
and Streptococcus agalactia (16.7%), respectively. Early 
PJI developed in one patient (1.6%) 1 week postoperatively. 
The patient was among those with contaminated instruments 
in the uncovered group. Coagulase-negative Staphylococ-
cus was isolated from the debridement material. Infection 
regressed following debridement, insert exchange, and 
intravenous antibiotic therapy. At the postoperative 1-year 
follow-up visit, the patient was symptom-free.

In the post hoc power analysis, between-groups compari-
son effect size was calculated as d = 0.324. Approximately 

104 patients would be needed to obtain statistical power at 
the recommended 0.80 power level.

Discussion

The most important finding of the present study was that sur-
gical instrument contamination was found to begin at 30 min 
in the uncovered surgical instrument group. However, con-
tamination was detected after 60 min in the covered surgical 
instrument group. The contamination increased with time.

Although there are significant advances in techniques for 
the prevention of infection along with modifying patient and 
surgical risk factors, periprosthetic infection is still a major 
problem in total hip and knee arthroplasty [9]. This study 
attempted to evaluate the potential source of periprosthetic 
infection in TKA.

Prolonged operative duration has been associated with 
increased complications and infection risk [3, 5, 13, 14]. It 
may probably be due to a combination of factors, including 
bleeding, increased tissue damage, and contamination [3]. In 
their study, Wang et al. [16] reported nearly 25% increased 
risk of PJI for each 20-min increase in operative time. They 
found significantly higher surgical site and PJI rates with 
more than 90 min of operative time than 60–90 min and 
below 60 min of operation time. The results of our study 
showed that patients are at risk of infection even if the surgi-
cal procedure is not prolonged.

The presence of implant material in the surgical field is a 
predisposing factor for the tissues to become more sensitive 
to infections [12]. Development of biofilm on the implant 
surface reduces the effect of antibiotics on bacteria [8]. Thus, 
the treatment of infection becomes complicated. Therefore, 
reducing contamination as far as possible is important for 
achieving successful surgical treatment, increasing pros-
thetic survival, and preventing additional morbidities among 
patient in arthroplasty operations [15]. The results of this 
study may contribute to the reduction of contamination in 
patients with arthroplasty. The contamination and frequency 
of contamination-associated periprosthetic infections can be 
reduced by the simple method of covering surgical instru-
ments during surgery.

In the literature, contamination rates of various implant 
sets in covered and uncovered trays have been evaluated. 
Bible et al. [4] reported 9.5% of general contamination 
rate in cultures taken after placing the last implant. They 
found no association between contamination and the num-
ber of scrubbed personnel, types of instruments, and the 
duration of exposure. However, in a similar study, Dal-
strom et al. [6] reported no contamination in the covered 
group and a contamination rate of 30% after 4 h in the 
uncovered group. They also reported that controlling room 
traffic was not effective in contamination. Dalstrom et al. 

Table 2  Comparison of contamination rates in uncovered and cov-
ered surgical instruments

Time point (min) Uncovered (n = 30) 
(%)

Covered (n = 30) 
(%)

p

0 0 (0) 0 (0) n. s.
15 0 (0) 0 (0) n. s.
30 6 (20) 0 (0) 0.035
60 8 (26.7) 2 (6.7) 0.012
90 11 (36.7) 3 (10) 0.024
120 13 (43.4) 5 (16.7) 0.037
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[6] performed their study in a real operation but with-
out removing the tray. This study was performed in real 
operations. In addition, the K-wires were placed among 
the surgical instruments that were actively used on the 
nurse’s desk. That enabled us to assess the real intraopera-
tive environment, similar to that in clinical practice. Pub-
lished literature does provide limited data concerning the 
clinical relevance of contaminated surgical instruments. In 
addition, a correlation between the occurrence of infection 
and contamination was not reported previously. Similarly, 
an important correlation was not demonstrated between 
contamination and infection in our study.

Menekse et al. [12] evaluated time-dependent contami-
nation of spinal implants using a liquid culture medium. 
They reported that growth started after 30 min in the 
uncovered implants. However, the growth started after 
60 min in the covered group. In addition, they showed an 
increase in growth with time in both groups, but a more 
significant increase in the uncovered group. In our study, 
the growth started after 30 min in the uncovered group 
and after 60 min in the covered group. In addition, a time-
dependent increase in growth in both groups, but a more 
significant increase in the uncovered group, was observed.

The technique of obtaining culture samples using swabs 
and then culturing them on a solid medium was previ-
ously used in various studies. The whole material in the 
liquid culture medium was cultured to more effectively 
detect contamination as previously noted by Menekse et al. 
[12]. After the 24-h incubation, the samples were cultured 
on blood agar using swabs under sterile conditions. This 
technique allowed us to evaluate the entire surface of the 
K-wire. Considering the various shape characteristics of 
surgical instruments, the liquid culture technique that used 
is superior to the samples taken with the swabs.

This study has several limitations. The relatively small 
sample size may have affected our results. Early PJI devel-
oped in only one patient. It was not sufficient to detect a 
clinically meaningful difference between the covered and 
uncovered groups. The duration of operation was limited 
to 120 min. More complex or revision cases may require 
more than 120 min. As the pathogenesis of periprosthetic 
infection is multifactorial, an association between con-
tamination and periprosthetic infection could not be dem-
onstrated. Incubation time limited to 24 h. More microor-
ganisms might even grow after 24 h. Although bacterial 
typing was performed, the antibiotic susceptibility test 
could be useful in selecting certain postoperative empiri-
cal antibiotics. Due to our limited budget, only 30 patients 
per group could be included. According to post hoc power 
analysis, a limited statistical power was detected due to 
modest sample size (n = 60) that may have played a role in 
limiting the significance of comparisons conducted.

Conclusion

Contamination of surgical instruments increases with time. 
Contamination rates may be decreased by covering surgical 
instruments. Empiric antibiotic regimens may be developed 
for postoperative PJI prophylaxis on the basis of the type of 
microorganisms identified in this study. The knowledge of 
time-dependent surgical instrument contamination and the 
preventive effect of covering on contamination may help to 
reduce contamination-related postoperative periprosthetic 
joint infection in total hip and knee arthroplasty patients. In 
the clinical practice, a simple method of covering the surgi-
cal instruments with a sterile towel during TKA may help 
to decrease bacterial contamination of surgical instruments 
and the related PJI risk.
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