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Abstract

Background: The prevention of surgical site infection is one of the most concerning issues in operating rooms. Surgical 
gowns are worn as one of the intraoperative strategies for infection prevention. The present study investigated whether 
the gowns remained sterile during the surgical procedure. Furthermore, this study examined which parts of the surgical 
gown were more prone to contamination. 

Methods: The sterility of the gowns was investigated during eight total joint arthroplasties all of which were performed 
by four surgeons. The samples were taken from the arms and frontal part of the sterile gowns pre- and postoperatively. 
In the anterior surface of the gown, the sampling was initiated at a strip with 50 cm height from the ground followed 
by the strips with 15 cm distances from caudal to cephalad. Furthermore, the frontal part of the gown was divided 
into three parts in relation to the operating room table. Finally, the contamination rate was evaluated in each part. A 
semiquantitative method was used for the analysis of bacterial culture.

Results: Before the operation, there were four samples tested positive for bacterial culture (1.06%). All of these samples 
were taken from the most proximal strip near the neckline. After the surgery, the rate of contamination in the strips on 
the frontal part of the gown was reported as 3.1% to 53%. Based on the operating table, the contamination rate was 
35.9%, 8.9%, and 47.3% in the distal, middle, and proximal parts of the gown, respectively. The contamination rate at 
the elbow crease was 23%, and at 5 and 10 cm above the creases were 24% and 36%, respectively. 

Conclusion: The high rate of gown contamination during the operation is concerning. However, part of the gown that 
was in contact with the operating room table remained clean most of the time. More safe strategies should be used for 
infection prevention in operating rooms.

Level of evidence: IV
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Introduction

Total joint arthroplasty (TJA), especially in the 
hip and knee, are among the most successful 
surgeries associated with compromising outcomes 

and improved quality of life (1, 2). However, there are 
some complications affecting the outcomes of TJA. 
Periprosthetic joint infection (PJI) is one of the most 
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the participants. It is important that the sampling was 
conducted on the entire length of each strip. In addition, 
sampling was performed on the gown sleeves at the 
elbow creases, as well as 5 and 10 cm, proximal to the 
creases [Figure 1]. Therefore, 52 samples were taken at 
each sampling stage for each surgery.

 The sampling of the gowns was performed in 2 
stages at each surgical procedure as follows: 1) after 
wearing the gowns and just before the beginning of 
the procedure and 2) at the end of the procedure and 
just before the gown removal. In addition, just before 
wearing the gowns, the sampling was performed from 
the same points or strips of the unsterile staff ’s clothes 
or bodies to control the reliability of the culture results 
presented by the laboratory. The laboratory was blind 
about the characteristics of the samples (the stage in 
which the sample was taken and part of sampling).

Culture analysis was performed based on a 
semiquantitative technique using a sheep blood agar 
plate, which was sufficient for the growth of Gram-
negative and Gram-positive bacteria (25). Each plate 
was divided into four quadrants and graded by the 
number of quadrants with positive growth (0-4+). The 

concerning complications associated with morbidity 
and mortality after TJA and a leading cause for revision 
surgery (3-5). The rate of PJI has been reported 
within 1% to 2% after arthroplasty that is expected to 
substantially increase with the increased number of 
arthroplasties (6-10).

Regarding the terrible clinical and socioeconomic 
consequences of infection in patients after TJA, it is 
critical for surgeons and medical researchers to identify 
the risk factors of infection and sources of contamination. 
Previously, some conditions or surgical factors increasing 
the risk of PJI have been suggested, such as smoking, 
obesity, immunosuppressive drugs, diabetes mellitus, 
lasting operation, power equipment, and higher number 
of staff in the operating room (11-14). 

Among these factors, the clothing of the surgeon and 
other staff of the operating room is of considerable 
importance for the intraoperative prevention of infection. 
Most of the guidelines recommended utilizing surgical 
gowns, gloves, and masks, which have been shown 
to be effective in the prevention of surgeon-related 
contamination (15-19). Merollini et al. observed that the 
use of surgical gown is the most important strategy to 
reduce the risk of surgical site infection identified by the 
experts (16). 

However, there are some drawbacks with the use of 
surgical gowns. For example, it has been demonstrated 
that gown-glove interface can be a source of contamination 
(20). Furthermore, the type of gown can significantly 
affect the count of airborne microorganisms or increase 
the risk of intraoperative contamination without being 
airborne (5, 21-23).

Accurate knowledge about the sterile parts of the surgical 
gown can be helpful to minimize the risk of surgeon-
related contamination. To the best of our knowledge, this 
was exclusively investigated in an original study (24) that 
necessitates the precise conduction of further studies 
to determine the sterile parts of a surgical gown. In the 
present study, the boundaries of the most sterile parts of 
the surgical gowns used during arthroplasty procedures 
were determined pre- and postoperatively.

Materials and Methods
During August 2017, eight TJAs (five total hip 

arthroplasties and three total knee arthroplasties) were 
performed by the same surgeon from whom the required 
data were collected. Before the study, the institutional 
review board approved the proposal. In each surgery, 
the disposable gowns of the same four staff, including 
the senior surgeon and three of his co-workers and 
residents were investigated. None of these participants 
were involved in the dressing of the patients. 

For sampling, the protocol explained by Bible et al. was 
utilized with some modifications (24). The samples were 
taken from the frontal part of the gowns and sleeves 
using sterile swabs. The first sampling strip was located 
at 50 cm height from the ground. Since then, sampling 
was performed in the strips of 15 cm distances. 

With this method and considering the height of the 
enrolled staff (176-187 cm), it was possible to take 7 
samples of the frontal parts of the gown from each of 

Figure 1. The location of the sampling at the anterior surface and 
sleeves of the gown.
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contamination was defined as the presence of one or 
more quadrants with positive growth (24). 

For more evaluation, the frontal parts of the gowns 
were divided to three proximal (with the most proximal 
two strips), distal (two strips below the level of 
operating room table), and middle (three strips between 
the proximal and distal areas) parts. The height of the 
operating table was within 90-125 cm from the ground. 
Finally, the prevalence of contamination was distinctly 
investigated in these separate parts. 

Results
In total, out of 1248 samples, 416 samples were taken 

from the unsterile clothes or skin. All of these samples 
were tested positive after culture analysis confirming 
the efficacy of laboratory studies. Among the samples 
taken from the gowns immediately after wearing them 
(n=376), 4 samples were contaminated (one sample 1+ 
and the others 2+; 1.06%). All of these samples were 
taken from the higher strip of the gowns. The rest of the 
samples obtained from the newly worn gowns (n=372) 
were not contaminated. 

In the samples taken at the second stage, the growth 
was observed in all of the strips with a considerably 
different prevalence [3.1-53%; Figure 2]. Based on the 
operating table, the average rates of contamination 
were reported as 35.9%, 8.9%, and 47.3% below the 
table, in the middle part of the gown and higher part, 
respectively. In total, 23% of the samples taken from the 
elbow crease were contaminated. Furthermore, 24% and 
36% of the samples obtained from 5 and 10 cm above the 
elbow crease were tested positive after culture analysis, 
respectively.

Discussion
The results of the present study revealed that in spite 

of preoperative gown sterilization, cautions about 
the prevention of contamination during surgery, and 
adherence to the current guidelines, gown contamination 
can occur during the operation. There are several strategies 
and techniques introduced to prevent or minimize the 
incidence of postoperative infections in major orthopedic 
surgeries. In many of these guidelines, wearing sterile 
gowns was introduced as one of the most important 
intraoperative infection prevention strategy (15, 16). 

It has been reported that more than 75% of the surgeons 
believe that using sterile surgical gowns is significant 
or critical for the intraoperative prevention of infection 
prevention (15). Knowing the fact that most of the surgical 
wound infections are developed by intraoperative 
surgical site contamination, the importance of using 
sterile surgical gowns becomes more prominent (26).

However, there are several concerns using surgical 
gowns. One of the most important features of a surgical 
gown is the material of which the gown is made. It 
has been shown that the infection rate and bacterial 
strike-through are higher when reusable woven 
gowns are used (27-31). Surgical drapes and gowns 
can release thousands of airborne particles in space 
carrying microorganisms, such as methicillin-resistant 
Staphylococcus aureus. 

Although surgical gowns and drapes are believed to 
release more airborne particles, Noguchi et al. showed 
that even when nonwoven gowns and drapes are used, 
the space of operating room may be filled up by scattered 
airborne particles produced during unfolding the 
gowns and drapes, as well as donning the gowns (23). 

Figure 2. The rate of growth in the sampling strips at the second stage.
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Furthermore, one of the problems with surgical gowns is 
increased perspiration, especially when nonwoven paper 
gowns are used. The sweat may aggregate in several 
parts of the body surface, such as axillae, arms, and waist 
which are loaded by several microorganisms (21, 24, 32). 
The sweat may affect the permeability of the gown (33). 
Then, it may be possible for microorganisms to cross the 
gown to the surgical wound without being airborne (22). 

It has been demonstrated that the staff of operating 
room produce thousands of skin fragments prone 
to carrying microorganisms, which can contaminate 
other parts of the body or clothes in uncovered skin 
(28, 34-39). In the present study, contamination was 
preoperatively observed in four samples and many 
other samples after the operation completion. The 
high rate of postoperative contamination, when the 
worldwide accepted strategies were followed, was 
greatly concerning. The authors think that although the 
main source of contamination was not clearly detected, 
all or some of the above-mentioned causes may lead to 
positive culture in the present study. 

Preoperatively, the contamination was observed in 
the most proximal frontal part of surgical gown near 
the neckline. It may be possible that the skin fragments 
released from the uncovered neck skin were responsible 
for the contamination of these newly worn gowns. In 
addition, the potential contact of the oral mask or the 
surgeon’s hands with this part when securing the mask 
may be the reason for the contamination. 

The third potential reason for the preoperative positive 
culture is the airborne particles produced during 
unfolding the gowns and uncovering the gloves. The 
authors presumed that these particles may be suspended 
in higher parts of the space due to the lightweight. 
Fourthly, in a study carried out by Fraser et al., it was 
shown that particle contamination usually occurs in the 
gown-glove interface (20). It seems that when the surgeon 
flexes the elbows, the arms are tucked to the frontal part 
of the gown, and the contamination can transfer from 
gown-glove interface to this part of the gown.

The considerable contamination rate at the elbows 
and arms may be caused by accumulated sweat in these 
regions as previously explained. Furthermore, Bible et 
al. explained that the potential contact of the elbows and 
arms with the lateral sides and back of the gown may 
contribute to the contamination of these parts (24). In 
the present study, the middle part of the gown front was 
contaminated less than the upper and lower parts. 

The potential reasons for the higher rate of 
contamination in upper parts may include the skin 
fragments and more perspiration in the upper part of 
the body; accordingly, the gown encloses the upper part 
of the body more strictly. Furthermore, it is possible 
that the contaminated arms of the gown in contact with 
the frontal part lead to the contamination of this part. 
Regarding the higher contamination rate of the lower 
part of the gown in comparison to the middle part, the 
authors assumed that some airborne particles arising 
from the ground due to the stepping of the staff may be 
the reason for contamination. 

Additionally, the lower parts of the body, such as 
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the perineal region and groins, are accumulated by 
microorganisms, which can pass from the body surface 
through the gown material and contaminate the frontal 
part of the gown. Although there are several studies that 
addressed the sterility of the surgical settings, including 
the surgical gowns, it seems that a limited number of 
studies investigated the contamination of the gowns 
during operation (24). The results of the present study 
are in line with the findings of a study conducted by Bible 
et al. (24). 

It seems that using the sampling protocol introduced 
by Bible et al. in the present study was the main reason 
for similar findings (24). In the aforementioned study, 
the rate of contamination ranged from 6% to 48% that 
was observed in all of the sampling parts, including the 
front, elbows, and arms of the gowns (24). Similar to the 
results of the study carried out by Bible et al., the authors 
demonstrated that the contamination rate was the lowest 
in the middle part of the gown front, compared to the 
higher and lower parts (24). 

It should be noted that the middle part of the gown 
was in contact with the operating room table that is a 
promising finding. Noguchi et al. demonstrated that 
although thousands of airborne particles were detected 
in the operating room, a small number of these particles 
were observed on the surface of the operating table (23). 

Similar to the findings of other studies, there were some 
limitations in the present study. The study was limited by 
small sample size and fixed participants. It seems that 
obtaining more samples and enrolling more participants 
may result in more reliable findings. Furthermore, 
the type of contaminating microorganism was not 
investigated in the present study.

The obtained results of the present study demonstrated 
that despite following the guidelines regarding the 
prevention of surgical wound infection, intraoperative 
contamination of surgical gown can occur many 
times. These findings are concerning and necessitate 
the knowledge about the sources of contamination. 
Fortunately, the middle part of the gown front was 
contaminated less frequently, compared to the higher and 
lower parts. In addition, the rate of contamination in arms 
of the gowns was considerable that may demonstrate 
the importance of changing some of the surgeons’ 
intraoperative behaviors, including the position in which 
the upper extremities are held. It is suggested to carry 
out further studies in the future.

Conflicts of Interest: The authors declare that there is 
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