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Introduction

Surgical-site infection (SSI) after total hip arthroplas-
ty (THA) is a serious complication associated with 
increased mortality, approximately 4-fold longer 
hospital stay, and over 3-fold higher healthcare costs 
compared with primary THA (1). To prevent SSI, use 
of an iodophor-impregnated plastic adhesive drape 
(IOD) has been widely encouraged, and its effective-
ness has been reported in several studies (2-5). IOD is 
an adhesive material that, when applied to the skin, 
reduces recolonization by host flora that can predis-
pose to SSI (2). The mechanism of action of IOD is the 
bactericidal property of povidone in the IOD, which 
kills bacteria that emerge from the follicles (3). It also 
inhibits bacterial migration because it is more adhe-
sive than non-iodophor-impregnated plastic adhesive 
drape (IND) (4). Given that incision drapes may pre-
vent bacterial migration from the skin into the surgi-
cal site (6, 7) the significantly superior maximum peel 
strength of IOD compared with IND (4) could curb the 
growth of bacteria under the drape that would subse-
quently migrate to the surgical site. However, there is 
a possibility that bacteria proliferate under the IOD 
with time. Also, it is unclear whether the skin remains 

sterilized at the time of incision closure when either 
part of the IOD inadvertently peels away from the sur-
gical site during surgery or, as occurs in some institu-
tions, the IOD is intentionally stripped off before inci-
sion closure, leaving bare skin exposed in many cases.

To date, few studies have reported a comparison of the 
contamination rate under and on the IOD surface or 
have assessed the cleanliness of bare skin under the 
IOD. Thus, the purpose of this study was to analyze 
the sterility of the skin under the IOD at the time of 
incision closure during THA and to detect any bacterial 
species present. We hypothesized that the contamina-
tion rate of the exposed skin after peeling off the IOD 
before incision closure would be higher than that of the 
bare skin immediately after sterilization and that of the 
IOD surface at the time of incision closure.

Materials and Methods

This study was approved by the institutional review 
board of Kanagawa Rehabilitation Hospital (approval 
number krh-2016-12). Inclusion criteria were primary 
THA for hip osteoarthritis or femoral head necrosis 
performed between February 2017 and July 2018. 
Exclusion criteria were revision THA, past history 
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ABSTRACT

Objective: The aim of this study was to analyze the contamination rates of the skin under the iodophor-impregnated plastic 
adhesive drape (IOD) at the time of incision closure in total hip arthroplasty (THA). 

Methods: A total of 225 patients undergoing primary THA (28 men, 197 women; mean age=65 years; age range=30-85) were 
included in this study. After asepsis using a solution of 1% chlorhexidine with 83% alcohol by volume, the surgical site was 
painted with a 10% povidone-iodine solution, and IOD was attached tautly at the start of surgery. Swabs of the surgical site were 
collected as follows: swab A from the skin before IOD application, swab B from the surface of the IOD at the time of incision 
closure, and swab C from the skin after peeling back the IOD. The obtained

samples were promptly sent for microbiological analysis. The contamination rate was determined for swabs A, B, and C, and the 
contamination rate of swab C was compared with that of swabs A and B, and the bacterial species were identified.

Results: Positive cultures were seen in 8 cases (3.6%) for swab A, 10 cases (4.4%) for swab B, and 22 cases (9.8%) for swab C. 
The contamination rate of swab C was significantly higher than that of swabs A (p=0.008) and B (p=0.028). Coagulase-negative 
Staphylococcus (n=10) and Cutibacterium acnes (n=7) were the most frequently cultured microorganisms from swab C.

Conclusion: In THA, the contamination rate of the skin after peeling off the IOD before incision closure was higher than that 
of the skin immediately after sterilization with povidone-iodine and higher than that on the IOD at the time of incision closure. 
The detected bacterial species were considered clinically significant pathogens. Preventive measures against infection, such 
as minimizing stripping of the IOD or re-sterilizing bare skin after IOD stripping, should be instituted in consideration of these 
findings when performing THA using IOD.
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of septic hip arthritis in the operated hip, and another surgical pro-
cedure performed simultaneously, such as osteotomy or removal of 
internal fixation hardware. A single surgeon performed all surgeries 
at a single institution via an ordinary posterior approach. To prevent 
infection, all patients were administered cefazolin sodium 1,000 mg 
30 min before skin incision and then twice daily for 2 days after sur-
gery. The operating room was equipped with a laminar airflow sys-
tem. The surgeon and all other members of the surgical team wore 
sterile disposable surgical gowns, caps, face masks, and double sur-
gical gloves. All members of the surgical team changed their surgical 
gloves every 2 h. Before incision closure, the surgical site was washed 
with 3,000 mL of saline water by pulse lavage. Suction drains were 
placed in all patients at the end of surgery.

For all patients, the surgical site was prepared by washing with a 
solution of 1% chlorhexidine with 83% alcohol by volume. The sur-
gical site was then painted with 10% povidone-iodine solution. The 
first sample, swab A, was taken at this time. Then, an IOD (Ioban-2 
Antimicrobial Film, Medical-Surgical Division, 3M, St. Paul, MN) 
was applied tautly over the surgical field. When closing the surgical 
site before finishing surgery, swab B was taken from the surface of 
the IOD adjacent to the incision. The third and last sample, swab C, 
was taken from the exposed skin by minimally peeling back part of 
the IOD around the incision (Figure 1. a-c). Swab B was taken im-
mediately before the surgical site was washed, so as to minimize the 
influence of washing. The IOD was peeled off and swab C was taken 
immediately after washing for ethical reasons. All swabs were of the 
same standard sterile bar with cotton and were lightly pressed onto 
the site and used to wipe the area for 10 s with some circular move-
ments. The obtained samples were promptly sent for microbiological 
analysis and cultured at 35°C under 2 conditions: for 2 days with 
aerobic blood agar and Drigalski agar to detect aerobic bacteria and 
for 7 days with anaerobic blood agar to detect anaerobic bacteria.

The contamination rate was determined for swabs A, B, and C, and 
the contamination rate of swab C was compared with that of swabs 
A and B. The bacterial species were identified. McNemar test was 
used to compare the contamination rate, with p<0.05 considered to 
be statistically significant.

Results

A total of 225 patients (28 men, 197 women; mean age 65 [30-85] 
years) met the inclusion criteria. Data on the demographics and clin-
ical characteristics of the participants are shown in Table 1. Mean 
operative time was 100.8±31.9 min. Mean blood loss was 285.7±168.2 
mL.

Contaminated samples were obtained in 8 cases (3.6%) for swab A, 
10 cases (4.4%) for swab B, and 22 cases (9.8%) for swab C. Swab C 
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•	 The contamination rate of exposed skin after the iodophor-impregnated 
plastic adhesive drape (IOD) was peeled off, before incision closure, 
was higher than that of the skin prior to IOD application and that of the 
IOD surface at the time of incision closure.

•	 Coagulase-negative Staphylococcus and Cutibacterium acnes were the 
first and second most frequently cultured microorganisms, respectively.

•	 It is necessary to take measures to prevent contaminating bare skin, 
including minimizing inadvertent peeling of the IOD and re-sterilizing 
exposed skin after IOD stripping, when performing THA.

H I G H L I G H T S

Figure 1. a-c. Methods for collecting the swab samples: Swab A was taken 
before applying the IOD (a). Swab B was taken on the IOD adjacent to the 
incision at the time of incision closure (b). Swab C was taken from the 
exposed skin after peeling off the IOD around the incision at the time of 
incision closure (c)

a

b

c



had a significantly higher contamination rate compared with swabs 
A and B (p=0.008 and 0.028, respectively). Coagulase-negative Staph-
ylococcus (CoNS) and Cutibacterium acnes (C. acnes) were the first 
and second most frequently detected species, respectively, for all 3 
swabs. Other species, including duplicate bacteria, were detected in 
swab C in 7 cases (Table 2). As for single swab detection of multiple 
bacterial species, CoNS and Staphylococcus species, and CoNS and 
C. acnes, were detected in 1 case each, and both cases were for swab 
C. There were no cases duplicated for swabs A and B. Two cases 
were detected for both swabs A and C (Peptococcus species for A and 
CoNS for C in 1 case, and C. acnes for both A and C in 1 case), and 
1 case was detected for both swabs B and C (CoNS for both swabs).

One patient, a 67-year-old man, developed periprosthetic infection 
28 days after surgery, based on the Musculoskeletal Infection Soci-
ety criteria, in addition to minor criteria of elevated serum C-reactive 
protein; 1 positive culture (methicillin-resistant S. aureus); elevated 
synovial leukocyte count; and positive intraoperative purulence 
around the implant. Swabs A, B, and C for this patient were negative 
on culture, and he had no past history of diabetes or other risk fac-
tors for infection (8). He was treated by debridement, irrigation, and 

systemic administration of vancomycin, and he recovered within 2 
weeks with no recurrence. There were no cases of superficial or deep 
incisional SSI except for this case.

Discussion

IOD and IND are widely used during THA. However, the effects of 
their use are still not fully known, and there have been no large-
scale studies on IOD to date. Although evidence on its effects re-
mains sparse, the utility of IOD has been reported by many authors. 
Rezapoor et al. reported rates of bacterial colonization of 12.0% 
for incisions with IOD and 27.4% for incisions without IOD; the 
IOD group had significantly fewer positive cultures than the group 

without IOD.2 Karapınar et al. reported that using IOD procedures 
reduced SSI and hospitalization costs compared with not using IOD 
in thoracic surgery (5). 

On the other hand, IND tends to be associated with negative out-
comes. It was reported that significantly more positive cultures were 
seen in an IND group than in the bare skin group for CoNS and C. 
acnes after surgery, and that a significantly higher proportion of 
patients in the IND group developed SSI when compared with the 
bare skin group (9, 10). This type of drape might cause excessive skin 
moisture, which could lead to a higher bacterial count (9). Milandt 
et al. compared bare skin and IOD stripping in simulated TKA at 75 
min after skin sterilization and reported recolonization of the skin 
after stripping off the IOD, comparable with that of bare skin (11). 
Thus, there are thought to be benefits of using IOD compared with 
IND, and these are widely used to avoid translocation of recolonizing 
bacteria from the skin to the surgical wound (6, 7). Nevertheless, in 
actual practice, the decision on whether and when to strip off the 
IOD (e.g., immediately before closing the wound) differs among indi-
vidual facilities. We conducted this study to investigate the possibil-
ity of contamination under the IOD in larger cohorts to help clarify 
how it is used in surgery.

In this study, although the bacterial detection rate was 3.6% imme-
diately after sterilization, 9.8% of samples were positive under the 
drape, and 4.4% of samples were positive on the drape at the end of 
surgery. Moreover, while there were 2 cases duplicated for swab C, 
no duplicate case was observed for swabs A and B. So, even under 
the IOD, which contains povidone-iodine, quantifiable bacteria were 
present, highlighting the possibility of surgical-site contamination. 
Selwyn et al. reported that although asepsis with iodine preparation 
removed 95% of accessible organisms and immediately sterilized the 
superficial areas where povidone-iodine could reach, about 20% of 
bacteria were protected by follicles, crevices, and lipids, making it 
impossible to achieve complete sterilization at these sites (12). Bryn-
hildsen et al. reported that although skin sterilization is effective ini-
tially, skin surface recolonization occurs with time (13). Thus, it is 
possible that bacteria lurking under follicles or in crevices under the 
IOD can proliferate or rise to the surface during surgery.

In this study, swab C yielded positive cultures in 22 participants 
(9.8%), including 10 with CoNS (4.4%) and 7 with C. acnes (3.1%). Er-
demli et al. reported CoNS as the second leading cause, after Staph-
ylococcus, of bacterial prosthetic joint infections requiring revision 
arthroplasty (14). C. acnes is also a common pathogen causing late 
infection after arthroplasty (15, 16). Thus, for swab C, the problem 
is not only the high contamination rate but also the bacterial species 
detected because they can cause infection. Moreover, C. acnes was 
characteristically detected in many swab C samples. C. acnes resides 
in the sebaceous glands and hair bulbs of the dermis and can survive 
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Table 1. Patient demographics and clinical characteristics

Sex* Male 28 (12.4%)

Female 197 (87.6%)

ASA* I 134 (59.6%)

II 91 (40.4%)

III or higher 0 (0.0%)

Comorbidity *† Hypertension 26 (11.6%)

Diabetes 17 (7.6%)

Chronic renal failure 5 (2.2%)

Cardiac disease

Arrhythmia 12 (5.3%)

Valvular disease 6 (2.7%)

Respiratory disease

Asthma 12 (5.3%)

Sleep apnea syndrome 2 (0.9%)

Collagen disease

Rheumatoid arthritis 6 (2.7%)

SLE 1 (0.4%)

Brain disease

Cerebral infarction 5 (2.2%)

Brain tumor 1 (0.4%)

Thyroid disease 4 (1.8%)

Age (years) ** 65±8

BMI (kg/m2) **  23.2±3.5
* Values are given as the number (percentage) 
** Values are given as the mean±standard deviation
†Some patients had multiple comorbidities.
ASA: American Society of Anesthesiologists physical status classification; SLE: systemic lupus 
erythematosus; BMI: body mass index

Table 2. Detected bacterial species

 Swab A Swab B Swab C

Coagulase-negative Staphylococcus 4 6 10

Cutibacterium acnes 1 1 7

Staphylococcus species 1 1 2

Pseudomonas species 1 2

Bacillus subtilis 1 1

Enterobacter cloacae 1

Serratia marcescens 1

Peptostreptococcus species 1

Micrococcus species 1   
Values are given as the number of patients
Duplicate bacteria were included



in deep dermal sites with low oxygenation for long periods (17, 18). 
Therefore, we surmise that this type of bacteria could thrive under 
the adhesive drape during surgery because of skin moisture and an-
oxic conditions.

According to this study, the contamination rate of the skin under the 
IOD before incision closure in THA was higher than that of the skin 
immediately after sterilization with povidone-iodine and higher than 
that on the IOD at the time of incision closure. Furthermore, bacterial 
species considered important pathogens were detected. Therefore, it 
is necessary to consider some preventive measures against infection, 
considering these findings, when performing THA using IOD.

There are several limitations to this study. First, the mean duration of 
surgery was about 100 min, so the results may not apply to surgeries 
with longer operative times when a higher contamination rate would 
be expected. Second, comparing swab C with control samples without 
IOD from the beginning is considered important for clarifying whether 
the use of IOD leads to bacterial detection for swab C. However, we 
could not set up such a control because it would interrupt the surgical 
procedure; therefore, we did not perform this comparison. Third, we 
could not examine the relationship between contamination rate and 
SSI rate, because there were no cases of SSI in this series.

In THA, the contamination rate of the skin after peeling off the IOD 
before incision closure was higher than that of the skin immediately 
after sterilization with povidone-iodine and higher than that on the 
IOD at the time of incision closure. Moreover, bacterial species that 
can cause infection after THA were detected. Preventive measures 
against infection, such as minimizing stripping of the IOD or re-ster-
ilizing bare skin after IOD stripping, should be instituted in consider-
ation of these findings when performing THA using IOD.
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