
T otal hip arthroplasty (THA) is a highly effective 
procedure for relieving pain and restoring func-

tion in patients with hip disease,  such as osteoarthritis,  
necrosis of the femoral head,  and rheumatoid arthritis.  
The number of THA procedures performed annually 
has increased globally [1].  The development of materi-
als for THA has improved durability and dislocation 
resistance.  However,  periprosthetic joint infection (PJI) 
is a severe complication that is often challenging to treat.  
According to the 2010 guidelines published by the 
Association for Professionals in Infection Control and 
Epidemiology,  the incidence of surgical site infection 
(SSI) after THA ranges from 0.7% to 2.4% [2].  There are 
exogenous and endogenous routes for SSI.  With the 

introduction of the first clean-air system by Charnley,  
SSI due to exogenous routes has decreased [3].  Resident 
skin bacteria are the most common endogenous source 
of SSI,  but their migration to the surgical field cannot 
be completely prevented despite preoperative disinfec-
tion [4].  Few reports have assessed the presence of 
bacteria in the surgical field intraoperatively.

To the best of our knowledge,  there are no reports 
that have investigated the presence of bacteria specifi-
cally during joint-replacement surgery in a bio-clean 
surgical room.  In addition,  few reports have examined 
the relationship between bacterial detection and the 
type of antiseptic utilized or the surgery time.  We 
hypothesized that the bacterial detection rate would be 
associated with the type of antiseptic used,  the surgery 
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Total hip arthroplasty (THA) provides relief from hip pain and improves hip function.  However,  periprosthetic 
joint infection (PJI) remains an area of concern.  We examined the detection rate of bacteria from surgical fields 
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finding indicated that orthopedic experience of less than 10 years was significantly associated with an increased 
bacterial detection rate (chi-square test,  p= 0.002).  The detection rate was associated with surgeon experience 
but not with antiseptic type or surgery time.  It is possible that intraoperative handling may increase the num-
ber of bacteria in surgical fields in wound closure.
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time,  and intraoperative handling.  This study assessed 
the presence of bacteria at the wound edge in THA 
wound closure and determined whether there was a 
relationship between the bacterial detection rate and 
antiseptic type used,  the surgery time,  and the sur-
geon’s experience.

Materials and Methods

This study was approved by the Kawasaki Medical 
School Ethics Committee (approval no. 3786).  The 
requirement for informed consent was waived by the 
ethics committee.  The study was conducted in accor-
dance with the Declaration of Helsinki.

The study included 500 individuals (418 women and 
82 men) who underwent primary THA in our depart-
ment between June 2015 and December 2019.  The 
average age at surgery was 64.3 (± 27.3) years.  The 
underlying diseases were osteoarthritis of the hip in 443 
cases,  idiopathic necrosis of the femoral head in 46 
cases,  rapidly destructive coxarthropathy in 6 cases,  
and rheumatoid arthritis in 5 cases.  Surgery was elec-
tive in all cases; those who underwent urgent or semi- 
urgent THA for trauma such as femoral neck fracture 
were excluded.

All surgeries were performed in our hospital’s bio-
clean surgical room.  Surgeons,  assistants,  and scrub 
nurses wore body exhaust suits and double gloves.  
Approximately 30 min before surgery,  1.0 g cefazolin 
(2.0 g for patients ≥ 80 kg) was administered by drip 
infusion,  with additional doses given for each addi-
tional 2-h duration of surgery.  Cefazolin was regularly 
administered 5 times every 8 hours for 2 days postoper-
atively.  Iodophor-impregnated drapes were used after 
surgical field disinfection in all cases.  After implanta-
tion and before suturing the subcutaneous tissue,  the 
drapes were peeled back to swab the skin at the wound 
edge.  The samples were submitted for culture testing.  
Cultures were grown for one week to test for the pres-
ence of aerobic and anaerobic bacteria.

Our department routinely uses a disinfection 
method that requires povidone-iodine application to the 
surgical field after surgeon handwashing.  However,  in 
this study,  one of four antiseptics,  including alcohol- 
containing chlorhexidine (A-group),  alcohol (B-group),  
benzethonium chloride (C-group),  and povidone- 
iodine (D-group),  was applied to the surgical field 
before surgeon handwashing,  and povidone-iodine was 

applied afterward.  In addition,  the conventional 
approach that involved only disinfecting the surgical 
field with povidone-iodine after the surgeon washed his 
hands was used in the control group (E-group).

During the study period,  the 500 enrolled cases were 
alternately allocated to the five methods of disinfection,  
with 100 cases allocated to each group.  Culture results 
were deemed positive when at least one strain of bacte-
ria was identified.  If multiple strains were identified 
simultaneously,  all positive cultures were regarded as a 
single detection.  The presence of PJI was investigated.  
Eight surgeons took part in the study.  Surgeons were 
grouped based on their experience level: either < 10 
years (4 surgeons) or ≥ 10 years (4 surgeons).

The chi-squared test was used to analyze differences 
in detection rates between patient groups subjected to 
different operative conditions.  Differences in the sur-
gery time by detection rate and surgeon experience 
were analyzed using the Mann–Whitney U test.  All 
statistical analyses were performed using SPSS,  Version 
23.0 (IBM Japan,  Ltd.,  Tokyo,  Japan).  Values of 
p < 0.05 were considered significant.

Results

Detected bacteria (Table 1). Culture results 
revealed 15 cases of coagulase-negative Staphylococcus 
(5 of these were Staphylococcus epidermidis),  5 cases of 
Propionibacterium acnes,  and 1 case each of methicil-
lin-susceptible Staphylococcus aureus (MSSA),  
Corynebacterium spp.,  gram-positive cocci of an 
unidentifiable strain,  and anaerobic gram-positive 
bacilli of an unidentifiable strain.  The detection rate 
was 4.6% (23/500),  including 1 case of double infec-
tion.  No patients displayed PJI.

Relationship between bacterial detection rate and 
other factors (Table 2). No significant relationship 
between the detection rate and antiseptic type was 
detected (p = 0.95).

The overall mean surgery time was 107.4 (± 32.7) 
min.  Positive-culture cases had a mean surgery time of 
108.6 (± 29.4) min,  whereas negative-culture cases mea-
sured 107.4 (± 32.9) min.  This difference was not sig-
nificant (p = 0.55).  Progressively longer surgical times 
associated slightly elevated positive-culture rates: 3.7% 
(6/163) for < 90 min,  4.2% (9/216) for 90-120 min,  
and 6.6% (8/121) for ≥ 120 min; however,  these differ-
ences were not significant (p = 0.48).
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Regarding surgeon experience,  the positive-culture 
rates were 7.3% (20/275) when the surgeon had < 10 
years of experience and 1.3% (3/225) when the surgeon 
had ≥ 10 years of experience.  Operation by less experi-
enced surgeons was associated with a significantly 
higher detection rate (p= 0.002).  The mean surgery time 
was 102.0 (± 31.5) for surgeons with ≥ 10 years of expe-
rience and 109.0 (± 33.1) min for surgeons with < 10 
years of experience.  Although surgeons with ≥ 10 years’ 
experience tended to have shorter surgery times,  the 
difference was not significant (p = 0.46).

Discussion

In this study,  the bacterial detection rate was 4.6%.  
The detection rate was associated with surgical experi-

ence but not with antiseptic type or duration of surgery.
Previous studies on cultured samples collected prior 

to wound closure in orthopedic surgeries include 
Bernard et al.,  who reported 97 positive cases (8.3%) out 
of 1,036 total cases [5].  Our study showed a relatively 
lower positive detection rate,  probably because all our 
patients underwent non-emergent surgery in a bio-
clean surgical room.

Moreover,  we investigated the relationship between 
the bacterial detection rate and the antiseptic type used 
in our study.  Bacteria present on the skin surface typi-
cally include transient and resident flora.  Transient 
flora,  such as Staphylococcus aureus,  Escherichia coli,  
and Pseudomonas aeruginosa,  may be relatively easy to 
eliminate through disinfection but are more likely to 
cause infection.  Resident flora,  including Propioni
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Table 1　 Bacteria detected from surgical fields upon wound closure during total hip arthroplasty

Detected bacteria Cases

Coagulase-negative Staphylococcus spp. 15 (5 of these were Staphylococcus epidermidis)

Propionibacterium acnes 5

Methicillin-susceptible Staphylococcus aureus (MSSA) 1

Corynebacterium spp. 1

Gram-positive cocci (unidentifiable strain) 1

Anaerobic gram-positive bacilli (unidentifiable strain) 1

The detection rate was 4.6% (23/500),  including one case of double infection.

Table 2　 Antiseptic,  surgery time,  and years of surgeon experience as factors of bacterial detection rate

Positive-culture rate

Antiseptic A-group Alcohol-containing chlorhexidine → Povidone-iodine 6.0% (6/100)

B-group Alcohol → Povidone-iodine 4.0% (4/100)

C-group Benzethonium chloride → Povidone-iodine 4.0% (4/100)

D-group Povidone-iodine → Povidone-iodine 4.0% (4/100)

E-group Only povidone-iodine 5.0% (5/100)

Surgery time <90 min 3.7% (6/163)

90-120 min 4.2% (9/216)

>120 min 6.6% (8/121)

Years of surgeon 
experience

<10 years 7.3% (20/275)

≥10 years 1.3% (3/225)
No significant differences were observed between the detection rate and disinfectant type or the surgery duration (p>0.05).  Less experi-
ence was associated with a significantly higher detection rate than more experience (p=0.002).



bacterium acnes and coagulase-negative Staphylococci 
such as Staphylococcus epidermidis,  are less likely to 
cause infection but are impossible to eradicate com-
pletely.  The most frequent cause of SSI is Staphylococcus 
aureus [6 , 7].  However,  an upward trend in infections 
caused by coagulase-negative Staphylococcus has recently 
been observed in immunocompromised hosts [8 , 9].  
Therefore,  preoperative skin disinfection is required to 
minimize the infection risk due to both transient and 
resident flora.

The antiseptics compared in the present study are 
widely used against common bacteria; however,  each 
has distinct features.  Alcohol acts instantly but lacks 
residual antiseptic effects,  making it suitable for elimi-
nating transient flora.  Povidone-iodine,  chlorhexidine,  
and benzethonium chloride act slowly but produce 
residual effects that are effective against resident flora.  
The 2015 Japanese Orthopaedic Association (JOA) 
clinical practice guideline on the prevention of SSIs in 
bones and joints lack a recommendation for any specific 
antiseptics since no evidence has accumulated suggest-
ing differences in the incidence of SSI in bone and joint 
surgery [10].  Theoretically,  a hybrid solution of povi-
done-iodine,  chlorhexidine,  or benzethonium chloride,  
which produces residual antiseptic effects,  with 
fast-acting alcohol should be effective for combating 
both transient and resident flora.  Alcohol-containing 
preparations have been suggested to be more beneficial 
for sterilization in some reports [11 , 12].  Recent inter-
national guidelines have recommended the same.  The 
2018 International Consensus Meeting (ICM 2018) on 
musculoskeletal infection reached a consensus strongly 
in favor (91%) of using alcohol-containing preparations 
[13].  SSI prevention guidelines from the U.S.  Centers 
for Disease Control and Prevention have recommend 
the same [14].  The effectiveness of chlorhexidine com-
pared with povidone-iodine has also been reported 
[15 , 16].  The WHO’s global guidelines for the preven-
tion of SSIs strongly recommended sterilization using 
alcohol-containing chlorhexidine rather than alco-
hol-containing povidone-iodine [17].  Our study found 
no significant differences in bacterial detection rates 
based on the type of antiseptic used.  Interestingly,  
detection rates tended to be slightly elevated in the 
group treated with alcohol-containing chlorhexidine.

It is possible that more than the type of antiseptic 
used,  surgery time and intraoperative handling influ-
ence bacterial detection rates.  In fact,  ample disinfec-

tion against resident flora can only temporarily main-
tain sterile conditions,  as resident skin bacteria 
gradually appear from the hair follicles or sweat glands.  
Johnston et al.  reported that the number of bacteria in 
the surgical field rebounded 30-60 min after disinfec-
tion [4].  The relationship between the surgery time and 
SSI incidence has been examined in many studies.  
Ridgeway et al.  studied 16,291 cases of THA and 
reported that the infection rate increased significantly 
for surgeries lasting ≥ 120 min [18].  The ICM 2018 [13] 
reached a unanimous consensus that prolonged surgical 
times are related to SSI.  They concluded that coordi-
nated efforts to reduce operative times without techni-
cally compromising procedures could minimize infec-
tion risk.  In this study,  longer surgery times associated 
slightly increased bacterial detection rates.  However,  
the difference between groups was not significant.

This study found that surgical experience of < 10 
years was the only risk factor for an elevated bacterial 
detection rate.  It is difficult to assess how surgical expe-
rience affected the bacterial detection rates determined 
in this study; however,  multiple factors may be consid-
ered.  Iodophor-impregnated drapes are thought to 
potentially reduce SSI incidence and were used in all 
cases in the present study [19 , 20].  The use of iodo-
phor-impregnated drapes hinders the transfer of resi-
dent skin bacteria to the surgical field through close 
adhesion.  During surgery,  the rough handling of 
retractors may cause drape separation and increase the 
likelihood of additional resident skin bacteria appearing 
at the wound edge.  In addition,  there is the potential 
for contamination due to the presence of falling bacte-
ria.  Contamination occurs in 14.5% of cleaned light 
handles [21],  as well as in 56% of the top portions of 
C-arm receivers with cleaned covers [22].  Moreover,  it 
is widely thought that the number of people in the 
operating room and the frequency of door opening/
closing are correlated with the level of falling bacteria 
[23 , 24].  The ICM 2018 unanimously recommended 
limiting movement in and out of the operating room 
[13].  These various factors may have produced differ-
ences in bacterial detection rates.

There are several limitations of this study.  First,  the 
number of cases observed was relatively few.  
Consequently,  this study reported only one case of 
Staphylococcus aureus,  which is considered the most 
common causative SSI agent.  Additionally,  the present 
study did not include any case of PJI.  Therefore,  the 
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direct relationship between bacterial detection in the 
surgical field and PJI remains unclear.  In the future,  it 
may be necessary to enroll a larger number of partici-
pants to examine the relationship between bacteria 
detected in the surgical field and causative bacteria of 
PJI.  Furthermore,  in this study,  it was not possible to 
determine the mechanism by which the surgeon’s expe-
rience affected the bacterial detection rate.  It may be 
possible to clarify this relationship by comparing the 
condition of drapes used by different surgeons at the 
time of wound closure.  It is possible that bacterial 
detection was affected by intraoperative handling rather 
than the use of antiseptics or the surgery time.

The bacterial detection rate in surgical fields was 
4.6% (23/500).  The rate was related to surgical experi-
ence rather than the type of antiseptic used or the sur-
gery time.  Thus,  it is possible that intraoperative han-
dling may increase the number of bacteria detected 
from surgical fields in wound closure.  We consider that 
intraoperative handling with utmost caution may 
reduce PJI.
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