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glove perforation rate of 3.5% and glove contamination rate of 6% 
during total hip reduction (THR) and an overall glove contamina-
tion rate of 3.38% in elective THA [9].

Literature suggests that instrument contamination even occurs 
during primary and clean arthroplasty surgery. This contamination 
does not seem to translate into an increased risk of SSI/PJI. Although 
some studies do show that contamination is higher in contaminated 
and infected surgeries, confl icting evidence exists in whether it 
translates into clinical infection. Non-arthroplasty literature seems 
to support that contaminated instruments translate to active infec-
tion but few low evidence studies have been identifi ed. 

We consider that with these fi ndings, although limited evidence 
is available, especially related to infected arthroplasty surgery, the 
routine use of a new set of surgical instruments and equipment 
following debridement and before reimplantation in infected revi-
sion arthroplasty surgery should be considered. This could poten-
tially reduce the risk of having contaminated instruments and there-
fore reduce the risk of contamination overall in the surgical fi eld, 
potentially reducing the risk of SSI/PJI.
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QUESTION 7: Is there a concern for contamination of the surgical fi eld by particles, such as 
cement, that may escape the wound intraoperatively by coming into contact with the ceiling 
light or facial masks and fall back into the wound?

RECOMMENDATION: There is logically a high risk that particles which fall into the wound after coming into contact with unsterile equipment 
(e.g., ceiling lights, facial masks) will contaminate the surgical fi eld. However, no studies investigating this hypothesis directly exist in the current 
literature. We recommend that surgeons must be conscious of, and take precautions, in order to prevent particles from falling into the surgical 
fi eld, and should such a scenario arise, to use copious antiseptic solutions, such as dilute betadine, in order to irrigate the wound. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 97%, Disagree: 2%, Abstain: 1% (Unanimous, Strongest Consensus)

RATIONALE 

Several studies have shown that high-speed cutt ers in primary hip 
arthroplasty and spinal surgery can produce aerosols [1–3]. These 
aerosols, possibly contaminated with bacterial, fungal or viral 
agents, are spread over the operating room (OR) and contaminate 
the environment and all personnel present during the surgical 
procedure. In revision hip or knee arthroplasty, diff erent tools and 
high-speed cutt ers are used for removal of cement from the bony 
cavities. Some of these tools, particularly ultrasound devices, can 
vibrate at a high frequency leading to a dissemination of cement 
particles throughout the operating room [4,5]. In some instances, 
other instruments such as chisels and osteotomes, used for cement 
extraction, can propel particles into the ceiling, OR lights or body 
parts of surgeons or assistants participating in the surgery. The parti-
cles that come in contact with an unsterile surface such as the ceiling, 
facial mask or lights, have the potential to fall back into the wound 
thereby acting as a vehicle for the transport of infectious organisms 
into this sterile area.

There are no studies in the literature evaluating the eff ect of 
debris that come in contact with an unsterile surface and fall back 
into the wound. Any assumptions must therefore be based on litera-
ture highlighting the role of airborne particles in the OR and their 

correlation with the risk of surgical site injection/periprosthesic 
joint infection (SSI/PJI). Airborne particles are a source of bacterial 
inoculation of the wound and can result in postoperative SSI/PJI 
[6–8]. Therefore, signifi cant eff orts are made to reduce the airborne 
particulate load. Studies suggest that particles larger than 10μm are 
large enough to carry viable bacteria [9]. Furthermore, as studies 
suggest that air turbulence and shedding of bacteria by OR traffi  c 
can result in an increase in bacterial counts in the sterile fi elds 
[10–12], it may be plausible to assume that larger debris may cause 
similar disruptions in airfl ow and increase the bioburden. Addition-
ally, existing literature suggests that splash basins used in the OR are 
often contaminated with bacteria [13,14]. Non-sterile wound debris 
falling into such basins may be contributing to their contamination, 
but no study has demonstrated this theoretical possibility. 

In summary, despite the absence of any specifi c studies demon-
strating a contamination risk of the sterile operating fi eld from 
“splash-back” of wound debris, we recommend that surgeons make 
every eff ort to mitigate this problem. Rachha et al. reported a tech-
nique for cement extraction that will likely prevent this problem. 
This was a transparent pulsed lavage shield made with plastic mate-
rial that does not hinder the dexterity or vision of the surgeon. Non-
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sterile objects, such as the OR lights, should be kept as far away from 
the surgical fi eld and sterile equipment as practically possible. It is 
plausible that contaminated particles may fall into the surgical fi eld 
during orthopaedic procedures, if such scenario arises, we recom-
mend that copious irrigation of the operative fi eld with the use of 
normal saline and antiseptic solutions, such as dilute betadine, be 
performed. 

Further basic science (simulation-based) and implementation 
research in this area is warranted.

REFERENCES
[1] Nogler M, Lass-Flörl C, Ogon M, Mayr E, Bach C, Wimmer C. Environmental 

and body contamination through aerosols produced by high-speed cutt ers 
in lumbar spine surgery. Spine. 2001;26:2156–219.

[2] Nogler M, Lass-Flörl C, Wimmer C, Bach C, Kaufmann C, Ogon M. Aero-
sols produced by high-speed cutt ers in cervical spine surgery: extent of 
environmental contamination. Eur Spine J. 2001;10:274–277. doi:10.1007/
s005860100310.

[3] Nogler M, Wimmer C, Lass-Flörl C, Mayr E, Trobos S, Gegenhuber C. 
Contamination risk of the surgical team through ROBODOC’s high-speed 
cutt er. Clin Orthop Relat Res. 2001:225–231.

[4] Nogler M, Lass-Flörl C, Wimmer C, Mayr E, Bach C, Ogon M. Contamination 
during removal of cement in revision hip arthroplasty. A cadaver study 
using ultrasound and high-speed cutt ers. J Bone Joint Surg Br. 2003;85:436–
439.

[5] Gardiner R, Hozack WJ, Nelson C, Keating EM. Revision total hip arthro-
plasty using ultrasonically driven tools. A clinical evaluation. J Arthroplasty. 
1993;8:517–521.

[6] Lidwell OM, Lowbury EJ, Whyte W, Blowers R, Stanley SJ, Lowe D. Airborne 
contamination of wounds in joint replacement operations: the relation-
ship to sepsis rates. J Hosp Infect. 1983;4:111–131.

[7] Whyte W, Hodgson R, Tinkler J. The importance of airborne bacterial 
contamination of wounds. J Hosp Infect. 1982;3:123–135.

[8] Howorth FH. Prevention of airborne infection during surgery. Lancet 
1985;1:386–388.

[9] Stocks GW, Self SD, Thompson B, Adame XA, O’Connor DP. Predicting 
bacterial populations based on airborne particulates: a study performed in 
nonlaminar fl ow operating rooms during joint arthroplasty surgery. Am J 
Infect Control. 2010;38:199–204. doi:10.1016/j.ajic.2009.07.006.

[10] Ritt er MA, Eitzen H, French ML, Hart JB. The operating room environment 
as aff ected by people and the surgical face mask. Clin Orthop Relat Res. 
1975:147–150.

[11] Quraishi ZA, Blais FX, Sott ile WS, Adler LM. Movement of personnel and 
wound contamination. AORN J. 1983;38:146–147, 150–156.

[12] Panahi P, Stroh M, Casper DS, Parvizi J, Austin MS. Operating room traffi  c 
is a major concern during total joint arthroplasty. Clin Orthop Relat Res. 
2012;470:2690–2694. doi:10.1007/s11999-012-2252-4.

[13] Baird RA, Nickel FR, Thrupp LD, Rucker S, Hawkins B. Splash basin contami-
nation in orthopaedic surgery. Clin Orthop Relat Res. 1984:129–133.

[14] Anto B, McCabe J, Kelly S, Morris S, Rynn L, Corbett -Feeney G. Splash basin 
bacterial contamination during elective arthroplasty. J Infect. 2006;52:231–
232. doi:10.1016/j.jinf.2005.06.013.

[15] Berbari E, Segreti J, Parvizi J, Berríos-Torres SI. Future research opportuni-
ties in peri-prosthetic joint infection prevention. Surg Infect (Larchmt). 
2017;18:409–412. doi:10.1089/sur.2017.065.

•    •    •    •    •

1.6. PREVENTION: SURGICAL TECHNIQUE
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QUESTION 1: Does the use of a tourniquet infl uence the rates of surgical site infections/
periprosthetic joint infections (SSIs/PJIs) in primary or revision total knee arthroplasty (TKA)?

RECOMMENDATION: The literature is inconclusive regarding the use of a tourniquet during TKA and its potential to increase the risks for SSIs/
PJIs in TKAs. Tourniquet times and pressures should be minimized to reduce this risk.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 89%, Disagree: 9%, Abstain: 2% (Super Majority, Strong Consensus)

RATIONALE  

The use of a pneumatic tourniquet during TKA has long been a 
standard for this procedure. However, concerns have arisen over 
the ischemic injury that can occur from tourniquet use. This has 
prompted many authors to conduct studies evaluating the use 
and non-use of a tourniquet and its eff ect on perioperative blood 
loss, postoperative pain and function and postoperative complica-
tions [1–7]. However, many of these studies are small, randomized 
controlled trials (RCTs) that lack the power to defi nitively state the 
infl uence om tourniquet use of SSIs and PJIs.

Liu et al. showed in a RCT of 52 patients undergoing simulta-
neous bilateral TKA that tourniquet use was associated with greater 
wound ooze and blistering, as well as the only deep infection in 
the cohort occurring in a TKA case that had been performed while 
using a tourniquet [8]. In a 31-patient RCT, Clarke et al. demon-
strated that increased tourniquet pressures led to sustained wound 
hypoxia up to one week following surgery [9]. A meta-analysis by Yi 
et al. evaluated 13 RCTs of tourniquet use comprising 859 patients. 
Of these 13 studies, 3 evaluated infection risk, SSI and PJI together, 
and they found that tourniquet use was signifi cantly associated 

with an increased risk of infection [6]. A meta-analysis by Zhang 
et al. found a similar pooled result with tourniquet use associated 
with a greater risk of non-thrombotic complications, infection 
included [10].

Longer tourniquet times, and by virtue longer surgical times, 
have been associated with an increased risk for both SSI and PJI 
[11–13]. Willis-Owen et al. in a series of 3,449 consecutive TKAs found 
that patients who went on to have a SSI/PJI had signifi cantly longer 
tourniquet times than noninfected patients [11]. Ricciardi et al. 
found a similar result in their analysis of perioperative variables 
aff ecting 30-day readmission [12]. Na et al. evaluated early release of 
the tourniquet following cementation of components versus reinfl a-
tion of the tourniquet after controlling bleeding in 206 patients and 
found that the increased tourniquet time for patients in the reinfl a-
tion group did not aff ect the rate of wound complications, SSI or PJI 
[14]. However, none of these studies were able to propose a cutoff  for 
tourniquet time over which the risk of SSI and PJI begins to increase. 
These studies also did not diff erentiate between operative time and 
tourniquet time. As increased surgical time is a known risk factor for 


