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 � Rates of peri-prosthetic joint infection (PJI) in primary total 
hip and total knee arthroplasty range between 0.3% and 
1.9%, and up to 10% in revision cases. Significant mor-
bidity is associated with this devastating complication, 
the economic burden on our healthcare system is con-
siderable, and the personal cost to the affected patient is 
immeasurable.

 � The risk of surgical site infection (SSI) and PJI is related to 
surgical factors and patient factors such as age, body mass 
index (BMI), co-morbidities, and lifestyle. Reducing the 
risk of SSI in primary hip and knee arthroplasty requires 
a multi-faceted strategy including pre-operative patient 
bacterial decolonization, screening and avoidance of 
anaemia, peri-operative patient warming, skin antisepsis, 
povidone-iodine wound lavage, and anti-bacterial coated 
sutures.

 � This article also considers newer concepts such as the 
influence of bearing surfaces on infection risk, as well as 
current controversies such as the potential effects of blood 
transfusion, laminar flow, and protective hoods and suits, 
on infection risk.
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Introduction
The publication of Joseph Lister’s ‘Antiseptic principle in 
the practice of surgery’ in 1867 revolutionized surgical 
practice.1 Despite his critics at the time, the routine use of 
antiseptic skin preparation for everything from venepunc-
ture to major surgery became universally accepted as a 
method for reducing infection rates. The development of 
antibiotics and their use in surgical prophylaxis in many 
branches of surgical practice has also become common-
place, and has further reduced infection. Despite the ongo-
ing evolution and refinement of surgical practice, surgical 
site infection (SSI) remains a risk for every patient, including 
those undergoing primary total hip and knee arthroplasty 

procedures, and is associated with a three-fold mortality 
rate at one year. The overall incidence of SSI following pri-
mary total hip arthroplasty (THA) is between 0.2% and 
2.2%2 and rates of deep or peri-prosthetic joint infection 
(PJI) in THA and primary total knee arthroplasty (TKA) range 
between 0.3% and 1.9%,3 and up to 10% in revision cases.4 
The risk of SSI and PJI is related to surgical factors and patient 
factors such as age, body mass index (BMI), co-morbidities, 
and lifestyle.5 Significant morbidity is associated with this 
devastating complication, the economic burden on our 
healthcare system is considerable , and the personal cost to 
the affected patient is immeasurable.6–8 This article is not an 
exhaustive list on infection prevention, but will discuss 
more recent tactics in modern orthopaedic practice to 
reduce infection rates in primary THA and TKA surgery.

Patient warming
Patient exposure in the operating theatre combined with 
the vasodilatory effects of anaesthetic agents and the con-
tinuous air changes associated with the use of ultra-clean 
laminar airflow, cause a progressive fall in core tempera-
ture, placing patients at risk of peri-operative hypother-
mia, defined as a core temperature less than 36°C. Other 
actions such as pre-washing patients and infusion of cool 
fluids serve to exacerbate the effects. Reductions in core 
temperature of 2°C are associated with a three-fold risk of 
SSI, thought to be related to impaired soft tissue oxygen 
delivery caused by peripheral vasoconstriction, a physio-
logical response to the fall in core temperature,9 and 
reduced collagen deposition, leading to impaired wound 
healing.10 In addition, an attenuated stress and immune 
response caused by lower core temperature is thought to 
contribute to the increased rate of SSI.11,12 Up to 66% of 
patients experience peri-operative hypothermia and the 
risk is clearly increased in patients undergoing longer 
procedures.13–17 Intra-operative warming has become 
established as a standard of care in many countries but 
pre-warming is not. However, NICE guidance18 recom-
mends that active warming should start at least 30 min-
utes before induction of anaesthesia in all patients, unless 
this will delay emergency surgery, and that induction of 
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anaesthesia should be delayed unless the patient’s body 
temperature is greater than 36°C. The guidance also goes 
on to say that active warming should continue through-
out the operative phase, and that if the patient’s body 
temperature falls below 36°C at any point during the 
24-hour post-operative period, active warming should be 
re-instated. Intra-operative patient temperature falls even 
in those who have warming devices applied to the skin, 
and evidence has shown that this decrease in core tem-
perature can be offset along with the associated risk of 
complications such as infection, by warming patients pre-
operatively for 30 minutes.9 In addition, core body tem-
perature has been shown to fall twice as much in patients 
who are not warmed prior to transfer to the operating 
theatre.19 Other benefits of avoiding hypothermia aside 
from reduced infection rates11 include reduced hospital 
stay,9 reduced blood loss,20 and reduced mortality.21

Forced air warming (FAW) devices have traditionally 
been the most widely used type of patient warming 
devices in orthopaedic surgery, and studies in colorec-
tal,21,22 breast, vascular and hernia surgery11 have shown 
them to reduce infection rates. However, there is concern 
that forced air warming devices which expel air at approxi-
mately 20°C warmer than the ambient temperature in 
theatre, cause a significant temperature gradient and asso-
ciated convection currents, which could interfere with the 
effectiveness of laminar air flow.23 Ascending warm air 
flow currents can, in theory, impede the downward cur-
rent of laminar air flow, with reductions in the latter having 
been shown to increase the entry of contaminants to the 
surgical wound.24 An alternative to forced air warming 
devices are conductive fabric arming devices which are 
more thermally efficient, thereby releasing less heat into 
the immediate environment, and they have been shown to 
be just as effective at reducing peri-operative hypother-
mia.25,26 The 2018 Philadelphia international consensus on 
the prevention of PJI voted that ‘there is no evidence to 
definitively link FAW to an increased risk of SSIs/PJIs. Alter-
native methods of warming can be effective and may be 
used’.27 Trials are needed comparing infection rates with 
forced air warming and resistive fabric warming devices28 
and a pilot study has been completed.

Laminar flow
It has long been acknowledged that air flow within the 
operating theatre has a role in infection prevention, related 
to the transfer of airborne particles colonized with bacteria 
to the surgical wound, and that operating in ultraclean air 
can reduce the rate of SSI significantly, as demonstrated in 
Lidwell’s work, which included a multi-centre randomized 
controlled trial (RCT) incorporating over 8000 arthroplasty 
patients.29–31 Ultraclean ventilation within theatres sub-
sequently became the gold standard within orthopaedic 

operating theatres, and works to protect open wounds 
from airborne contaminants by providing a constant, uni-
form flow of high velocity (0.3–0.5m/s), highly filtered 
air,32 which results in more than 500 air changes per hour, 
and a reduction in bacterial colony forming units (CFUs) 
from 5.4/ft2 to 0.45/ft2.33 This is aided by the passage of air 
through a high efficiency particulate air (HEPA) filter, which 
removes 99.97% of all particles that are > 0.3 μm in size. 
However, since laminar flow was initially heralded as one 
of the most important advances in infection control, it has 
fallen from grace to some degree, with several sources 
questioning its effectiveness at reducing infection rates.34–

38 Laminar air flow is not currently recommended by the 
World Health Organization for reducing the risk of infec-
tion when carrying out arthroplasty surgery.39 However, 
the effectiveness of laminar flow is dependent on its air 
flow currents being able to act unhindered, and it may 
well be that other measures routinely employed to reduce 
infection rates are impacting on laminar air flow’s effec-
tiveness. As mentioned previously, convection currents, 
particularly related to forced air warming, have been 
shown to interfere with laminar air flow currents.23,40 In 
addition, the position of satellite operating theatre lights 
over surgical wounds,41 and the movement of theatre staff 
under the laminar flow canopy has been shown to be det-
rimental to the effectiveness of laminar air flow, causing an 
increase in CFUs.42 Those using laminar flow theatres 
should take precautions to ensure theatre lights are not 
positioned directly above the surgical wound to avoid dis-
ruption to the downward flow. Instrument trolleys, once 
open, should remain strictly within the laminar flow can-
opy, as even at a point 10 cm beyond its boundary, the air 
is contaminated with around 3 million particles per square 
metre. Theatre traffic and movement of personnel should 
be restricted to an absolute minimum. 

Space suits
Protective suits and hoods were introduced to the ortho-
paedic operating theatre in an effort to further reduce the 
rate of infection in conjunction with already established 
laminar flow. People are known to shed around 107 skin 
cells per day and up to 10% of these carry bacteria.43,44 
The movement of theatre personnel within the immediate 
vicinity of the surgical wound creates disturbances in air 
currents and produces airborne contaminants such as skin 
and hair particles, primarily shed by healthcare workers.45 
The original total body exhaust suits introduced by Charn-
ley were designed to eliminate this significant factor in an 
effort to further reduce infection rates.46 These suits used 
negative pressure to draw exhaust gases out of the suit to 
an area outside of the canopy.47 Early rates of arthroplasty 
infection were as high as 9.5%,48 but by 1982, a large RCT 
showed a reduction in infection rates of 90% related to the 
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use of total body exhaust suits, ultraclean air and prophy-
lactic antibiotics.49 However, exhaust tubing was eventu-
ally abandoned and modern protective suits were 
produced for personal protection of clinical teams. These 
differ in that air produced by the fan within the helmet 
and the expiratory gases of the wearer create positive 
pressure within the suit, pushing potentially contami-
nated air out through gaps in the suit, such as those 
around the neck, sleeves and back, directly into the lami-
nar flow canopy, in close proximity to the surgical wound. 
Concerns have arisen about the use of these suits, with 
several studies, including one from the New Zealand Joint 
Registry, showing that they are associated with signifi-
cantly increased infection rates.37,50,51 This is a contentious 
issue, as many surgeons are likely to feel these suits pro-
vide vital personal protection. There is a heightened 
awareness of blood-borne viruses and the potential risk 
that patients pose to surgeons, especially in an environ-
ment where high-speed power tools convert patient body 
fluids, bone and cement into aerosols and high-speed 
projectiles. Some of the concerns about potentially con-
taminated air escaping from modern space suits can be 
mitigated by taping sleeves around the inner glove52 to 
prevent air escape from sleeves. We would advocate fur-
ther studies to establish the benefits and risks with respect 
to infection prevention and modern space suits.

Blood transfusion
Hip and knee arthroplasty is associated with a level of 
blood loss that on occasion necessitates blood transfu-
sion, although rates of blood transfusion vary widely 
between arthroplasty units, from 2% to 70%,53,54 contrib-
uted to by the fact that there is no universally accepted 
guidelines in place for the use of blood transfusion in 
arthroplasty surgery. The transfusion rate in arthroplasty 
has dropped dramatically in recent years with the preva-
lent use of tranexamic acid, with oral formulations show-
ing significant cost benefit and reduced transfusion rates 
when compared with intravenous use.55 The rate of mor-
tality rises exponentially with falling haemoglobin levels, 
but blood transfusion carries risks of acute transfusion 
reactions, haemolysis, transfusion-related acute lung 
injury, graft vs. host disease, and transfusion-transmitted 
infections.56 In addition, data are accumulating to suggest 
that allogenic blood transfusion may be an infection risk 
to patients following joint arthroplasty, thought to be 
related to immunosuppressive effects,57–60 which include 
attenuated IL-2 production, inhibition of natural killer cell 
activity and a decreased delayed-type hypersensitivity 
response.61–63 Other studies have shown that immuno-
suppressive leukocytes within allogenic blood are respon-
sible for some of these immunomodulatory changes.64,65 
A large meta-analysis of over 21,000 THA and TKA patients 

showed a significantly higher rate of SSI in patients who 
were given allogenic blood transfusions (2.88% vs. 
1.74%).66 A more recent retrospective case control study 
involving more than 27,000 patients undergoing primary 
THA and TKA demonstrated an overall incidence of blood 
transfusion of 11.1%, which was associated with a signifi-
cantly increased risk of superficial infection (adjusted odds 
ratio [OR] 1.9 [95% CI 1.2–2.9, p-value 0.005]) as well as 
deep infection (adjusted OR 1.6 [95% CI 1.1–2.2, p-value 
0.008]).67 A study involving 2760 patients undergoing 
primary hip and knee arthroplasty procedures in Ger-
many, showed that the overall complication rate in 
patients who received transfusions was 34.7% compared 
with 13.2% in patients who did not require transfusion, 
with infection rates of 2.82% and 0.4% respectively.68 

The length of time that blood products have been stored 
prior to transfusion has been shown to have an effect on 
infection rates. Structural and functional changes, or ‘stor-
age lesions’ occur within red blood cells when they are 
stored for prolonged periods. This includes alterations in 
cell membrane expression of the marker CD47 and phos-
phatidylserine, and release of cytokines, histamine and 
other immunologically active substrates such as potassium, 
damaged and oxidized proteins and lipids into the super-
natant.69 Several studies have found an increased rate of 
infection with prolonged red blood cell storage (> 14 days) 
in cardiac surgery patients who have received transfu-
sions.70,71 A more recent study analysing infection rates in 
199 patients following blood transfusion in abdominal, 
orthopaedic, vascular and urological surgery, found that 
there was a higher rate of wound infection in patients 
receiving blood aged > 14 days vs. patients receiving blood 
aged < 14 days (relative risk [RR] 3.1).72 The study also 
showed a significantly increased incidence of acute kidney 
injury in patients who were recipients of older blood. One 
theory for the increased risk of infection following blood 
transfusion relates to the effects of iron. One unit of red 
blood cells (RBCs) contains 220–250 mg of iron,73 and fol-
lowing transfusion, engulfment of non-viable RBCs by the 
monocyte/macrophage system can affect cytokine release 
and exacerbate or cause a systemic inflammatory response.74 
Increased circulating iron, especially non-transferrin-bound 
iron, is also associated with prolonged storage of red blood 
cells,75 and can increase proliferation of particular patho-
gens such as Staphylococcus aureus.76 

The risks of blood transfusion are clearly best avoided 
with a strategy of prevention, with a comprehensive anae-
mia screening programme in which iron and haemoglobin 
levels are assessed pre-operatively, with efforts made to cor-
rect deficiencies pre-operatively, and involvement of a 
multi-disciplinary team incorporating haematologists and 
general practitioners when appropriate. This has been 
shown to significantly reduce transfusion rates, length of 
stay, re-admission rate, and critical care admissions.77 Patient 
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warming is clearly of paramount importance to avoid hypo-
thermic states which may induce coagulopathy. 

Surgical site antisepsis
Pathogens responsible for SSI are predominantly from 
skin, and skin antisepsis is therefore a vital step in infection 
prevention. The most commonly used formulations for 
skin antisepsis worldwide include aqueous and alcoholic 
forms of povidone-iodine and chlorhexidine- based solu-
tions. A large 2010 meta-analysis of seven RCTs involving 
almost 3500 patients,78 compared chlorhexidine at vari-
ous concentrations (0.5–4.0%) with povidone-iodine 
(7–10%) for skin preparation in clean and contaminated 
surgery, and found that chlorhexidine was associated with 
fewer SSIs (RR 0.64; 95% CI 0.51–0.80). Another meta-
analysis of six RCTs79 comparing chlorhexidine (0.5–4.0%) 
with povidone-iodine (7.5–10.0%) demonstrated similar 
findings (pooled OR 0.68, 95% CI 0.50–0.94). However, 
in both of these meta-analyses, studies which used alco-
holic and non-alcoholic-based preparations were com-
pared, which makes interpretation difficult. A single-centre 
randomized controlled trial recruited 1147 obstetric 
patients80 and compared the use of 2% chlorhexidine 
–70% isopropanol and 8.3% povidone-iodine –70% iso-
propanol, and found a 4.0% vs. 7.3% rate of SSI respec-
tively (RR 0.55; 95% CI 0.34–0.90). Similarly, a comparison 
of 2% chlorhexidine –70% isopropanol and 5% povidone-
iodine –70% alcohol for the insertion of vascular catheters 
in 2546 patients showed a lower rate of infection with 
chlorhexidine-based solutions (hazard ratio 0.15, 95% CI 
0.05–0.41; p = 0.0002).81 

Povidone-iodine lavage of wounds prior to closure is 
an important strategy in minimizing infection risk in THA 
and TKA. Betadine contains povidone-iodine which is 
inhibitory to biofilm production by organisms such as 
Staphylococcus epidermdis and Staphylococcus aureus. It has 
a broad spectrum of activity, including against methicillin- 
resistant S. aureus.82,83 Several studies have found beta-
dine lavage of wounds prior to closure to reduced infec-
tion rates significantly. A three-minute lavage with 3.5% 
povidone-iodine of primary THA and TKA wounds prior to 
closure, in a study of 1862 cases, found that the infection 
rate fell from 0.97% to 0.15%.3 A similar protocol was 
applied to patients undergoing spinal surgery; in 208 
patients who underwent povidone-iodine lavage, no 
superficial or deep infections occurred. However, when 
povidone-iodine lavage was not used, the rate of deep 
infection was 2.9%, and superficial 0.5%.83 A recently 
published RCT84 studying the effects of three-minute 
povidone-iodine lavage vs. normal saline lavage on infec-
tion rates, in revision surgery for aseptic THA and TKA, 
showed a significantly reduced in infection rate at 90 days 
with the use of povidone-iodine (3.4% vs. 0.4%, p = .038). 

Suture material
Sutures may be integral to infection risk. Even modern 
sutures are not inert materials, and induce a local inflam-
matory response. Sutures also serve as a surface on which 
bacteria can potentially coalesce, and some materials 
may be more amenable to the formation of biofilms85 
than others. Bacterial adherence to braided sutures has 
been shown to be five to eight times higher than adher-
ence to monofilament such as nylon.86 In the same way 
that an established biofilm on a joint prosthesis makes 
bacterial eradication difficult, the same applies to sutures, 
leading to an increased risk of SSI.87 An animal model of 
S. aureus infection into which prosthetic heart valve sew-
ing rings were implanted subcutaneously, showed that 
coating the implants with a combination of minocycline 
and rifampicin reduced the rate of colonization, com-
pared to implants coated with silver coated and uncoated 
prostheses.88 The antibacterial properties of triclosan 
(polychlorophenoxyphenol)-coated sutures have been of 
interest in recent years after gaining approval for this use 
in the USA in 2002, with multiple in vivo and in vitro stud-
ies showing a beneficial effect in reducing SSI, including 
an animal study in 2007 which demonstrated a 66% 
reduction in Staphylococcus epidermidis SSI.89 The senior 
author conducted a two-arm, parallel, double-blinded 
study involving 2546 patients undergoing elective total 
hip (THA) and total knee arthroplasty (TKA) at three hos-
pitals within our institution, comparing standard sutures 
and triclosan-coated sutures. We established an infection 
rate of 0.8% in the control group and 0.7% in the inter-
vention group, although our findings did not reach statis-
tical significance.90 More recently, we performed a meta- 
analysis incorporating 25 RCTs and 11,957 patients showed 
that triclosan-coated sutures significantly reduced the rate 
of SSI at 30 days (RR 0.73, 95% CI 0.65–0.82).91 Ten RCTs 
within this meta-analysis were focused on clean surgery, 
for which a significantly lower incidence of SSI (149/3029) 
occurred with triclosan-coated sutures compared to 
standard sutures (230/1117) (RR 0.71, 95% CI 0.58–0.88). 
We estimate that the prevention of one SSI saves around 
£2000 in joint replacement costs – and as such is highly 
cost-effective.

Ongoing debate surrounds the issue of skin closure 
and whether sutures or clips are superior for reducing SSI, 
or if it makes any difference at all. There are very few pub-
lished RCTs on the subject, and those that have been pub-
lished contain relatively few patient numbers from which 
to draw reasonable comparisons. A recent meta-analysis 
was performed which analysed 17 RCTs with a total of 
2446 patients comparing sutures and clips for skin closure 
in orthopaedic surgical procedures. This showed no differ-
ence in SSI risk when staples were used instead of sutures 
for skin closure. However, within this study, only 5/15 
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RCTs including 501 patients in total were deemed to be of 
low bias, and when these were analysed no difference was 
found in incidence of SSI between the two groups. When 
the authors considered RCTs involving elective THA and 
TKA (seven studies and 967 patients), again no significant 
difference was found.92

MSSA decolonization
One third of patients are colonized with methicillin-sensitive 
S. aureus (MSSA), and this reservoir serves as the source 
of infection in more than 80% of healthcare-associated 
S. aureus infections.93 Healthy subjects are rarely carriers 
of S. aureus: 60% are intermittent carriers and 20% are 
persistent carriers. Carriage of the bacteria is most com-
monly within the nasal passages,94 but it is also a preva-
lent skin commensals. The incidence of nosocomial  S. 
aureus  bacteraemia has been shown to be three times 
higher in S. aureus carriers than in non-carriers,95 and colo-
nized patients are also at increased risk of SSI, as well as 
having an increased mortality rate.96 Skin decontamina-
tion with chlorhexidine has long been known to be an 
effective method of reducing staphylococcal colony 
counts.97 Bode et al performed a large multi-centre RCT, 
in which they used real-time polymerase chain reaction 
(PCR) to assess whether patients were carriers of S. aureus. 
They established that all of the S. aureus strains identified 
were susceptible to mupirocin and randomized patients 
to receive placebo treatment or eradication therapy with 
2% mupirocin nasal ointment and chlorhexidine gluco-
nate soap for skin. In the intervention and placebo groups 
respectively, 87.5% and 88.9% of patients underwent sur-
gical procedures. Decolonization treatment reduced the 
risk of superficial and deep S. aureus SSI (RR 0.45, 95% CI 
0.18–1.11 and RR 0.21 95% CI 0.07–0.62 respectively), 
and was also associated with shorter length of hospital 
stay.93 The study demonstrated an overall 60% reduction 
in S. aureus-associated infections in patients who received 
eradication therapy. A meta-analysis published prior to 
this considered the effect of mupirocin on surgical patients 
colonized with S. aureus and also demonstrated a signifi-
cant benefit, with a reduction of 45% in hospital-associated 
S. aureus infection.98 In our unit, we screen patients rou-
tinely and administer decolonization therapy when appro-
priate, with mupirocin nasal ointment in conjunction with 
octenidine wash for skin decontamination. A study of 
12,910 primary arthroplasties (5917 hip, 6993 knee) per-
formed in our unit showed that PJI MSSA rate was 0.75% 
prior to screening, which reduced to 0.25% with intro-
duction of screening and implantation of this eradication 
strategy (p < 0.0001). The overall PJI rate fell from 1.92% 
to 1.41% (p = 0.03), and the programme was shown to 
be most effective in MSSA prevention in total hip arthro-
plasty (3% to 1.5%, p = 0.002).99

Bearing surfaces
Evidence is accumulating that the bearing surfaces used 
in THA may be of great importance in terms of subse-
quent risk of PJI. Ceramic bearings have been shown to 
have lower wear rates in comparison to cobalt-chrome 
and polyethylene100–103 associated with lower levels of 
osteolysis.100–107 Evidence from joint registries suggests 
that ceramic-on-ceramic (CoC) bearing surfaces may be 
associated with lower levels of infection compared with 
more commonly used metal-on-polyethylene (MoP) 
articulations.108–110 An analysis of 623,253 patients who 
underwent primary hip procedures from the National 
Joint Registry of England and Wales, has shown that CoC 
and ceramic-on-polyethylene (CoP) bearing surfaces are 
associated with a reduced risk of revision for PJI com-
pared with MoP (RR 0.6 and 0.7 respectively at two years 
or longer post surgery).108 This finding may be related 
to observations in vitro which demonstrate reduced bac-
terial adhesion on ceramic arthroplasty surfaces,111,112 
with significantly lower numbers of colony forming units 
(CFUs) present on biofilms in ceramic (230 CFU/ml) 
compared with polyethylene (6250 CFU/ml) and metal 
bearings (5870 CFU/ml).112 In vitro and in vivo work has 
also shown less bacterial biofilm formation on ceramic 
bearing surfaces when compared with metal and poly-
ethylene.113–116 There are other clinical studies to sup-
port these findings, such as an analysis of the Australian 
registry (AOANJRR) incorporating 177,237 patients who 
underwent primary THA. Ceramic-on-ceramic bearing 
surfaces were shown to have lower revision rates for 
infection when compared with metal-on-highly cross-
linked polyethylene and ceramic-on-highly cross-linked 
polyethylene bearings, in patients aged 70 years and 
under.109 A study of the New Zealand Joint Registry 
reviewed 97,889 who underwent primary THAs over a 
15-year period.110 No relationship was found with the 
rate of early PJI (< six months), but CoC hips were associ-
ated with a significantly lower risk of revision for deep 
infection when compared with CoP, MoP, and metal-on-
metal (MoM) over the whole study period of 15 years. 
However, the authors recommend caution in interpreta-
tion of these results due to a lack of data on American 
Society of Anaesthesiologists class (ASA) and BMI. Analy-
sis of the Emilia-Romagna region Registry for Orthopae-
dic Prosthetic Implants (RIPO), incorporating 39,206 
patients with a mean age of 68 years, who underwent 
primary cementless THA, showed that CoC bearing sur-
faces had a significantly lower rate of PJI compared to 
MoM, during the study period of 13 years, although this 
difference was not apparent during the first six months 
following surgery.117 A United States study of 315,784 
Medicare patients over the age of 65 years who under-
went primary THA between 2005 and 2014, showed 
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significantly reduced risk of infection when CoP or CoC 
bearings were used, compared with MoP bearings.118

Although no bearing surface currently in use for THA 
can negate the risk of infection, the evidence for ceramic 
bearing surfaces in reducing risk of PJI is persuasive. How-
ever, the cost of ceramic implants remains high and we 
would advocate further large-scale analysis of registry data 
and cost-benefit analysis to determine whether wider-scale 
use of ceramic surfaces is warranted. 

Conclusions
The numbers of patients undergoing THA and TKA contin-
ues to increase with an ever-ageing population. Infection 
following primary arthroplasty occurs infrequently but is a 
devastating complication with significant morbidity, mor-
tality and massive costs to healthcare economies, affecting 
huge numbers of patients worldwide. Infection prevention 
in arthroplasty requires a multi-faceted approach. We have 
discussed relevant factors including patient bacterial 
decolonization, avoidance of anaemia, blood transfusion, 
peri-operative patient warming, laminar flow, space suits, 
careful skin antisepsis, povidone-iodine wound lavage,  
triclosan-coated sutures, and bearing surfaces. 

There are questions about modern protective hoods 
and suits due to the positive pressure expulsion of air from 
around the wearer’s skin, out into the immediate vicinity 
of surgical wounds. Data from New Zealand in relation to 
this equipment and the increased rates of infection associ-
ated with it are of particular concern.37 However, many 
arthroplasty surgeons will be reluctant to stop wearing 
protective hoods, due to flying debris and bodily fluids in 
theatre and the personal risk associated with this. Viable 
alternatives need to be sought, perhaps with a reversion 
back to total body exhaust suits such as those originally 
introduced by Charnley, which were known to reduce 
infection risk.49 

Preventing anaemia is a vital step in reducing infection 
risk. We consider a comprehensive, multi-disciplinary pre-
operative anaemia screening programme is of paramount 
importance in optimizing patients for surgery. Anaemia 
should be recognized and treated well in advance of surgery, 
to avoid the associated risks of exacerbating pre-existing 
anaemia which include cardiac ischaemia, impaired wound 
healing and increased risk of requiring blood transfusion. 
Blood transfusion poses many risks of its own, including 
risk to life. The literature also demonstrates an increased risk 
of infection associated with blood transfusion, particularly 
or perhaps exclusively when patients are recipients of blood 
aged more than 14 days.72 However, although blood is 
usually readily available, the luxury of being able to request 
blood that is less than 14 days old is not. NICE has pub-
lished guidance on thresholds for blood transfusion and 

target haemoglobin, although blood transfusion rates fol-
lowing arthroplasty continue to vary.53 

The pathogens responsible for most SSI come from  
the patient’s own skin,93 and measures to reduce or eradi-
cate skin commensals at the surgical site must be taken. 
Povidone-iodine has been used traditionally for many 
years, but evidence seems to be clear that alcohol-based 
chlorhexidine is superior for skin antisepsis, and is recom-
mend as the first-line skin antisepsis agent by NICE.78,79 

MSSA decolonization must be performed to reduce 
patient pathogen load. It is clear that patients who carry 
MSSA are at increased risk of infection, no matter how 
meticulous local skin preparation is around the surgical 
site, and eradication is an important step to minimize risk. 
All patients should be screened pre-operatively and pro-
vided with chlorhexidine skin wash and mupirocin nasal 
drops where appropriate.93 

Research regarding triclosan-coated sutures is of inter-
est. Although our own work looking at infection rates with 
this type of suture showed no benefit compared with 
standard sutures, a large meta-analysis shows a definite 
benefit of triclosan sutures,91 and although more expen-
sive, there is an overall cost saving in relation to a reduced 
infection rate.119 We have not yet incorporated triclosan-
coated sutures into our practice but plan to do so, based 
on this evidence.

We have observed the accumulating evidence relating 
to ceramic bearing surfaces, and the associated reduced 
risk of PJI, with interest. There is evidence to suggest 
reduced bacterial adhesion to ceramic molecules and 
reduced biofilm formation when compared with other 
bearing surfaces, and registry data from multiple sources 
show that this is associated with lower rates of failure sec-
ondary to PJI. Lower levels of osteolysis observed with 
ceramic bearings may also suggest a reduced inflamma-
tory response to ceramic particles. We advocate imple-
mentation of further large-scale analysis of registry data, 
RCTs and cost-benefit analyses.

In summary, there is no single intervention that will 
abolish infection risk for arthroplasty patients. Clearly 
some patients are more susceptible than others to infec-
tion, but even the healthiest are at risk. Based on current 
evidence, arthroplasty surgeons should employ multiple 
tactics in their practice to reduce the risk of SSI, although 
controversy exists as to what constitutes best practice. 
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