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Study Design: Prospective experimental study. 
Purpose: To evaluate bacterial contamination during surgery. 
Overview of Literature: The participants of surgery and ventilation system have been known as the most significant sources of con-
tamination. 
Methods: Two pairs of air culture blood agar plate for G(+) bacteria and MacConkey agar plate for G(-) bacteria were placed at 3 
different locations in a conventional operation room: in the surgical field, under the airflow of local air conditioner, and pathway to 
door while performing spine surgeries. One pair of culture plates was retrieved after one hour and the other pair was retrieved after 3 
hours. The cultured bacteria were identified and number of colonies was counted. 
Results: There was no G(-) bacteria identified. G(+) bacteria grew on all 90 air culture blood agar plates. The colony count of one hour 
group was 14.5±5.4 in the surgical field, 11.3±6.6 under the local air conditioner, and 13.1±8.7 at the pathway to the door. There was 
no difference among the 3 locations. The colony count of 3 hours group was 46.4±19.5, 30.3±12.9, and 39.7±15.2, respectively. It was 
more at the surgical field than under the air conditioner (p=0.03). The number of colonies of one hour group was 13.0±7.0 and 3 hours 
group was 38.8±17.1. There was positive correlation between the time and the number of colonies (r=0.76, p=0.000).
Conclusions: Conventional operation room was contaminated by G(+) bacteria. The degree of contamination was most high at the 
surgical field. The number of bacteria increased right proportionally to the time.
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Introduction

Surgical site infection is one of the most serious complica-
tions in any kind of surgery. The infection rate of spine 
surgery was lower than that of arthroplasty at the early 
developing period [1]. However, the rate of surgical infec-
tion surpassed arthroplasty recently [2]. There are several 
presumptive factors that increase the infection rate. Surgery 

associated factors include an increase in scale and complex-
ity of spine surgery and higher frequency of instrumentation 
[3]. Patient associated factors include old age and increased 
prevalence in coexistence of metabolic diseases which de-
crease host immunity. The advent of antibiotics made the 
recalcitrant surgical site infection as an amenable compli-
cation. The prophylactic use of antibiotics can reduce the 
surgical site infection effectively, but given that Methicillin-
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resistant Staphylococcus aureus (MRSA) emerged within 2 
years after Methicillin began to be used, it is not everything 
to control surgical site infection [4,5]. With the help of disin-
fectants and ultraclean air technology, bacterial contamina-
tion of the operation environment has been reduced. Un-
fortunately, it is not easy to introduce the total body exhaust 
gown system to spine surgery because the application of 
surgical microscope and bright illumination is troublesome 
under such system.

The most consequential factors for surgical site infection 
is bacterial contamination which overwhelms the host im-
munity. Herein, the control of bacterial contamination and 
appropriate reduction of the soiled bacteria would be the 
most effective method to prevent a surgical site infection 
and the use of antibiotics could be minimized, so to retard 
the advent of resistant strains. An epidemiologic study of the 
routes and sources of contamination should be conducted 
to determine preventive measures. The presumptive source 
of contamination is the direct surgical participants, include 
the surgeon and scrub nurse. In addition, the traffic in the 
operation theater and the ventilation system can influence 
contamination. These factors would be related with the sur-
gical time. The quantitative analysis, however, has not been 
reported.

We investigated the degree of bacterial contamination ac-
cording to the locations which concern the surgical partici-
pants and ventilation system, and according to the elapsed 
time. With the results, the most significant source of con-

tamination was presumed. In the light of above study, the 
pertinent method to minimize the bacterial contamination 
while performing spine surgery can be developed.

Materials and Methods

The experiment was conducted in the same operation room 
while performing instrumented posterior spinal fusion in a 
consecutive series of patients, between July 1, 2010 and July 
31, 2010. The operation room had an ordinary wall mounted 
air-conditioner and a high efficiency paticulate air (HEPA) 
filter. To check the condition of the air in operation room, 
the concentration of floating microorganisms was measured 
3 times at 5 days before the commencement. In each case, 
there were 4 direct participants: main surgeon, first assis-
tant, and scrub nurse (who stood at the surgical field), and a 
second assistant (who joined 30 minutes after the beginning 
to handle the local bone stood at the distal portion of the 
instrument table). There were 3 indirect participants who 
included an anesthesiologist, a circulating nurse, and a tech-
nician for radiologic examination (who came into the room 
twice each surgery). All participants were not the same 
throughout the experiment. 

The surgical field was disinfected by 10% povidone-
iodine and 70% alcohol and covered by disposable surgical 
drape. Each exposed incision site was covered by 2% iodine 
impregnated drape (Ioban 2). Air culture blood agar plates 
for G(+) bacteria and MacConkey agar plates for G(-) bac-
teria were placed as a pair in the following places: surgical 
field, under the air conditioner where the plates face the air 
flow directly, and the pathway to the door where indirect 
participants frequently entered and exited. The plates under 
the local air-conditioner and pathway were placed about 
one meter away from floor. There were 2 pairs of plates at 
each place, total 12 plates in a case of surgery (Fig. 1). The 
plates were retrieved at 2 different times; 3 pairs from each 
place at one hour and the remaining 3 pairs at 3 hours after 
commencement. Room temperature was checked at 3 hours 
after commencement. The air conditioner was turned on 
when general anesthesia was induced and turned off from 
the moment when the instruments were unpacked to the 
moment the surgery was completed. The demography of the 
patients was not considered to be criteria for study inclusion 
and the cases that were finished earlier than 3 hours were 
excluded. Finally, 6 groups from the 15 cases were included. 
There were 180 plates in 90 pairs of 2. The plates were 
cultured for one day in 37°C incubator (Forma Scientific, 

Fig. 1. Two pairs of air culture blood agar plates for G(+) bacteria and 
MacConkey agar plates for G(-) bacteria were placed at surgical field, 
under the airflow of local air conditioner and pathway for indirect 
participants (total 12 plates). S1, operator; S2, 1st assistant; S3, 2nd 
assistant; N, scrub nurse; A, anesthesiologist. a)blood agar plate, 
b)MacConkey agar plate.
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Vernon Hill, IL, USA). Each colony was re-implanted to 
another plate, cultured one day more, then inoculated at the 
discrimination kit (bioMerieux SA, Lyon, France). Bacterial 
identification was performed the next day. Total number of 
colonies was counted in original plates at day 7 (Fig. 2). All 
microbiologic studies were performed by a laboratory medi-
cine doctor who didn’t have information at all about the 
experiment. The types of bacteria and number of colonies 
were investigated according to their locations and collection 
times. The increasing rate, according to the elapsed time, 
was investigated as well. Statistical analysis was performed 
with SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA) package 
and details were as follows; Kolmogorov Smirnov test for the 
normal distribution of each group, one way analysis of vari-
ance and Turkey’s b test for the difference according to the 
locations, paired t test, and Spearman correlation test for the 
difference according to the elapsed time.

Results

 The quality of operation room air was better than the offi-
cial standard (800 colony forming unit [CFU]/m²) (Table 1). 
The room temperature under the air-flow of air conditioner 
was significantly lower (p=0.00) at 20.9±2.3°C, while the 
surgical field and pathway to the door were similar (p=0.15), 
as 27.8±3.1°C and 25.9±2.0°C, respectively. G(-) bacteria 
were not cultured at all 90 MacConkey agar plates while 
G(+) bacteria were cultured at all 90 air culture blood agar 
plates. The sorts of bacteria were as follows; S. aureus on 19 
out of 90 plates (21%), S. epidermidis on 90 out of 90 plates 
(100%), micrococcus on 79 out of 90 plates (88%), and S. ca-
pitis on 17 out of 90 plates (19%). All 6 groups had a normal 
distribution. In the one hour retrieval groups, the number 
of colonies was 14.5±5.4 at the surgical field, 11.3±6.6 un-
der the air-flow of local air conditioner, and 13.1±8.7 at the 
pathway to the door. The differences were not statistically 
significant. In the 3 hour retrieval group, the number of 
colonies was 46.4±19.5 at the surgical field, 30.3±12.9 under 
the air-flow of air conditioner, and 39.7±15.2 at the pathway 
to the door. The surgical field showed more colonies than 
under the air-flow of air conditioner (p=0.03). The average 
number of colonies of one hour retrieval group was 13.0±7.0 
and the average number of colonies of the 3-hour retrieval 
group was 38.8±17.1 (Table 2). There was significant dif-
ference between the two (p=0.006) and positive correlation 
between the number of colonies and elapsed time (r=0.76, 
p=0.000). The increasing rate of the 3 places were not differ-
ent (p=0.475).

Discussion

Surgical site infection can be fatal or lead to a poor progno-
sis, causing critical damage to both patients and surgeons. 
Astagneau et al. [6] noted that 38% of post-surgical patient 

Table 1. Air quality of the operating room

Temperature 
(°C)

Humidity 
(%)

Current 
(m/sec)

Press 
(mm Hg)

Dust 
(µg/m²)

Bacteria 
(CFU/m²) Ventilation Purification

Test 1 26.0 53.4 0.01 761 37.9 130.4 Central & local air 
conditioner HEPA filter

Test 2 25.8 54.9 0.01 761 36.8 158.9 Central & local air 
conditioner HEPA filter

Test 3 24.2 53.4 0.01 761 42.2 166.1 Central & local air 
conditioner HEPA filter

CFU, colony forming unit; HEPA, high efficiency particulate air filter.

Fig. 2. A total number of colonies was counted on the original plates 
at day 7.
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deaths are the direct consequences of surgical site infection. 
In orthopedic surgeries, the infection rate of total hip ar-
throplasty was 7%, however, Charnley [7] reduced it to 0.5% 
even without prophylactic antibiotics by using the ultraclean 
air technology. On the other hand Fitzgerald et al. [8] re-
duced it to 1%, by administration of prophylactic antibiotics 
in conventional operation rooms. From this point onward, 
the 2 methods have been accepted as mainstays to prevent 
surgical site infection after total hip arthroplasty. In 1960’s, 
the infection rate of uninstrumented fusion surgeries for 
scoliosis was 0.9%, which was much lower than that of total 
hip arthroplasties at the same period [1]. After the advent of 
Harrington instrumentation the infection rate was increased 
up to 9.3% without antibiotics. However, the application of 
prophylactic antibiotics reduced the instrumentation infec-
tion rate to 2.8% [2] and even lower to 1% in adolescent 
idiopathic scoliosis surgery [9]. The infection rate of spine 
surgery, as a whole, rose to 5% again due to the increased 
magnitude and complexity of the surgery; prophylatic an-
tibiotics were not able to prevent this rise in infection rate 
[3]. Prophylactic use of antibiotics has been accepted as a 
mainstay to prevent surgical site infection for more than 
30 years [10], an acceptance that occurred after the study 
by Horwitz and Curtin [11]. Ultraclean air technology is 
composed of vertical exponential laminar flow and a total 
body exhaust gown. Though there was a study that applied 
ultraclean air technology to spine surgery [12], it is not easy 
to use the total body exhaust gown in spine surgery, which 
usually needs strong illumination and a surgical microscope. 
Meanwhile, the overuse of antibiotics has been followed by 
the immediate advent of resistant strains. Denmark sur-
veyed transformation on S. aureus throughout the country 

for the 20 years after the first discovery of MRSA. The ratio 
of MRSA was 45% in 1967. It was reduced, however, to 6% 
in late 1980s. This was attributed to the reduced administra-
tion of antibiotics and strict control of hospital hygiene by 
epidemiologic quarantine of bacterial contamination [13]. 
Consequently, the resistant strains had become susceptible 
to treatment. Given the historical evidence, the overuse 
of antibiotics and the following advent of resistant strains 
seemed like an endless competition of armaments. Klekamp 
et al. [14] indicated that over use of antibiotics increased 
infection by MRSA and G(-) bacteria. It would be a better 
strategy to clean up the environment of operation rooms 
and control the contamination route of surgical field to pre-
vent surgical site infection and bacterial mutation. There are 
patient factors, surgical factors and environmental factors 
that contribute to the development of surgical site infection. 
Patient factors, such as older age, and surgical factors, such 
as the expansion of complexity and magnitude of a surgery, 
create a higher risk of infections [15]. The largest source of 
bacterial contamination in surgical site infection is the bac-
teria of the patient’s own skin, followed by the participants 
in a surgery [16]. There have been many studies that have 
investigated how to disinfect patient skin and to determine 
what kind of disinfectants is superior. There are very few 
studies on how the participants contaminate the operation 
room or how to control it. A combination of 10% povidone 
Iodine and 70% alcohol was used to disinfect the skin of pa-
tients in this experiment. One log CFU of bacteria, however, 
remain on average after this treatment [17]. Therefore, the 
area of skin exposure was sealed by 2% iodine impregnated 
drape (Ioban 2) to minimize bacterial transmission from the 
patient’s skin. 

Table 2. Colony forming unit (CFU) on three different sites in the operating room

Locations Around operating field Below the air conditioner Pathway p-value

Exposure duration (hr)

   1 14.5±5.4 11.3±6.6 13.1±8.7 0.449

   3   46.4±19.5   30.3±12.9   39.7±15.2 0.030

   p-value 0.000 0.000 0.000 -

Homogenous subsets (hr)  

   1 1 1 1 -

   3 1 1 -

- 2 2 -

CFU increasing rates by culture time (3 hr/1 hr) Average

3.6 3.6 4.8 4.0
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For the purpose of investigating the influence of direct 
surgical participants, operation room traffic and ventilation 
system, the culture plates were placed at 3 different places 
near the surgeons, the ventilation system and the circulat-
ing participants. At first, we anticipated that the degree of 
contamination would be highest under the direct air flow of 
local air conditioner and least at the surgical field. Under the 
facility with ultraclean air technology vertical airflow should 
run vertically from directly above the surgical field. In the 
conventional operation room, where we performed this 
experiment, the air flow was turned down to avert a direct 
current which contains contaminated microorganisms. The 
results, however, were completely opposite in that bacterial 
contamination was less under direct air-flow. In light of the 
above evidence, we presume that bacterial soiling is more 
likely to occur under the static current. If the air-flow of lo-
cal air conditioner is adjusted to run directly to the surgical 
field, bacterial contamination is expected to be reduced. 
Thus, we decided not to turn off the local air conditioner 
while performing instrumentation. The air quality of the 
operation room was maintained better than the official rec-
ommendation. It is not certain that the same result can be 
achieved under a more contaminated atmosphere. 

 Given that the degree of contamination of the surgical 
field and pathway were both highly contaminated, continu-
ous, and close exposure to participants even under scrub 
state is considered to increase bacterial contamination 
unavoidable. It is considered very natural that the more par-
ticipants join the surgery even under scrub state, the more 
bacteria contaminate the surgical field. 

It was already proved by several researchers that longer 
surgical times lead to higher infection rates [18-21]. We 
would like to investigate the quantitative correlation be-
tween the degree of contamination and the elapsed time. 
The number of colonies was increased 3 times after 3 hours 
comparing with 1 hour, a far more rapid increment than ex-
pected. It presented how important reducing surgery time is 
to prevent surgical site infection. 

There are 2 modalities to reduce the number of contami-
nated bacteria thereby preventing it from reaching critical 
levels of infection development, administration of prophy-
lactic antibiotics and dilution of bacteria by irrigation. With 
elapsed time, contaminated bacteria can resist against both 
antibiotics and irrigation by forming a biofilm [22]. Hence, 
there is the need for prophylactic antibiotics to be admin-
istered one hour prior to surgery [23]. Repeated irrigation 
from an early stage is important according to the report of 

Owen and Wenke [24], who reported that the effect of ir-
rigation to reduce the number of bacteria decreased as time 
elapsed. In the case of instrumentation surgery or using 
local chip bone, which is achieved while performing decom-
pression, it is unavoidable that the degree of contamination 
increases proportionally to the elapsed time. Therefore, it is 
very important not to expose the instruments until the mo-
ment of instrumentation and irrigation of local chip bone 
before being grafted to minimize contamination of bacteria 
[15].

 Bacteria of the pathway were surely expected to be 
brought along the circulating participants. Massie et al. [21] 
reported that frequent come and go of non-scrub partici-
pants could increase the surgical site infection and Hodges 
et al. [25] indicated that the expertise of participants was 
an important factor in prevention of infection. This study 
could not reveal the difference of the operation field and the 
operation room traffic, however, limiting entry of non-scrub 
participants is not possible, control of unnecessary moving, 
disinfection and maintenance of cleanliness of the suits and 
portable X-ray machine can be done to decrease contamina-
tion. Moreover, identification of contaminated bacteria by 
frequent microbial culture of air and apparatus of operation 
room is necessary to forecast causative bacteria of surgical 
site infection and to decide what kind of prophylactic antibi-
otics should be used.

Conclusions

The air of operation room is contaminated by G(+) bacteria. 
The surgical field is more severely contaminated by bacteria 
than under the direct air-flow of local air conditioner. The 
results of this study did not reveal the influence of operation 
room traffic. Reducing surgical time is the cardinal factor. 
Direct air current did not increase the bacterial contamina-
tion. 
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