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in the fi rst instance and if the prophylaxis should be modifi ed for 
patients who are MRSA carriers. In the absence of evidence, and 
due to the gravity of any SSI being caused by MRSA, we recommend 
that consideration be given to administration of vancomycin or 
teicoplanin as antibiotic prophylaxis prior to arthroscopic surgery 
involving an implant and/or a graft or for patients at higher risk of 
infection.
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QUESTION 4: What is the best method for anterior cruciate ligament (ACL) allograft sterilization 
to minimize the incidence of postoperative infections and mechanical weakening of the graft?

RECOMMENDATION: The best method for ACL allograft sterilization to minimize the incidence of postoperative infection and mechanical 
weakening of the graft is the use of irradiation (preferably less than 1.8 Mrad). Allografts should be harvested aseptically and fresh-frozen, 
whenever possible. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE 

An exhaustive literature review of articles published in English was 
undertaken to identify studies related to allograft sterilization and 
the incidence of postoperative infections and graft failures. The 
search was performed across the PubMed, Scopus, and Cochrane 
databases as well as Google Scholar using the following search terms: 
“allograft sterilization,” “infections and allografts in ACL reconstruc-
tion,” “complications after allograft use for ACL” and “mechanical 
strength of allografts.” Articles in languages other than English were 
not reviewed, nor were articles on non-human subjects. The articles 
included were from 1988 until March 2018, (Levels I-IV evidence) 
containing evidence of graft longevity, post-ACL infections, revision 
rates following use of allografts and other complications associated 
with allograft use. The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses criteria (PRISMA) were followed.

Septic arthritis after ACL reconstruction (ACLR) is a rare event, 
occurring in 0.14 to 1.8% of cases [1–3]. Several studies have demon-
strated a lower rate of deep infection after ACLR using allograft 
compared to hamstring autograft tendons and equal possibilities 
with the use of bone patellar tendon bone (BPTB) autograft [4–8]. The 

increasing use of primary allograft ACLR during the last few decades 
can be explained by the fact that allograft off ers several advantages 
such as shortening operative time, reducing postoperative pain, 
allowing a variety of grafts to choose from and avoiding harvest site 
morbidity [9–11]. 

However, allografts bring with them an intrinsic risk of contami-
nation, which is why every possible eff ort must be made in order to 
lower this risk as much as possible. 

The American Association of Tissue Bank (AATB) has made 
several rules in allograft procurement, sterilization and conserva-
tion, in order to guarantee a Sterility Assurance Level, which is the 
probability of failing the sterilization after the whole process, lower 
than 1x10-6  [12]. The possibility of human immunodefi ciency virus 
(HIV) transmission is one in 1,667,600 [13], but it drops to 1��⁄ 173,600 
for non-processed allograft [14]. In fact, there are several steps that 
follow a rigid protocol to ensure a lower risk of disease transmission. 
The donor must be checked for known disease and an examination 
of the body is taken to control any sign of infection or intravenous  
(IV) drugs stigmata [15].
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Further, the donor is screened by serology tests for viral infec-
tion (i.e., HIV type I – II, hepatitis B virus (HBV) surface antigen, HBV 
core antibody or hepatitis C virus (HCV) antibody) [16]. Nucleic Acid 
Testing (NAT) is the best test for screening HIV and HCV because sero-
conversion occurs 15 days after the fi rst contact with the virus [16]. 
Blood cultures are necessary to check for bacterial and fungal infec-
tion. Aerobic and anaerobic cultures last for a minimum of 15 days, 
according with the AATB and the Food and Drug Administration [17]. 

The successive step is the tissue retrieval, which is performed in a 
sterile operating room with sterile technique [18]. After that, the graft 
is treated with a bactericidal-antimicrobial disinfection solution. At 
this stage, the graft cannot yet be considered sterile [15]. 

There are several sterilization techniques, which can be split 
into irradiation and chemical sterilization. The irradiation can be 
based on gamma ray or electron-based radiation. The gamma radia-
tion works by generating free radicals and directly modifying nucleic 
acids, leading to genomic dysfunction [19]. Unfortunately, the fi rst 
eff ect can damage the collagen and compromise the mechanical 
structure of the graft in terms of strength and elasticity [20,21]. A low 
dose of radiation (< 25 KGy) is able to kill the bacteria, but does not 
have a complete eff ect on the virus [22–25]. In reverse, a high dose of 
radiation (> 35 KGy) can kill viruses, but several studies showed that 
at this level of radiation, the mechanical proprieties of the graft are 
compromised [22,26,27].

Additionally, it is necessary to consider that there is no consensus 
about the fact that a low dose of radiation does not damage the graft. 
Park et al. reviewed 21 publications and found a total of 1,453 ACLR 
with allograft (415 low-dose irradiated; 1,038 non-irradiated) [28]. 
The authors found worse functional outcomes and greater rates of 
re-rupture in patients receiving irradiated allograft. However, in the 
single publications, the result was good to excellent in both groups, 
and not all of the functional scores favoured the non-irradiated 
group as the International Knee Documentation Committ ee score 
was higher in the irradiated group [28]. 

There are several publications suggesting that a low dose of 
gamma radiation does not aff ect the biomechanical properties of 
the graft [29,30]. However, other studies fi nd the opposite [31–33]. 

Furthermore, other studies suggest the effi  cacy of radioprotec-
tive solution (i.e., propylene glycol, dimethyl sulfoxide, mannitol 
and trehalose) in protecting the graft from even high doses of 
gamma radiation [20,34]. 

An alternative system is electron-based radiation, which has 
a lower penetration (8cmH2O vs. 30cmH2O), and a lower time 
is required for the sterilization (seconds vs. hours) compared to 
gamma irradiation. Good results have been demonstrated if used in 
combination with other tissue-protective measures (i.e., low temper-
ature or carbon dioxide) [35]. Further studies are required to fully 
understand the eff ectiveness of this method. 

Chemical sterilization is another option, however, some of these 
processes should be avoided. For example, ethylene oxide can cause 
post-implantation synovitis, cysts and graft failure [36,37] and iodo-
phor rinse followed by water is not uniformly viracidal [37]. 

An eff ective solvent is paracetic acid (PAA), which does not 
change the strength or elasticity of the graft [38] even if it seems to be 
correlated with a delay in the biological remodelling, and thus can 
cause a reduction in early knee stability (fi rst three months) [39].

In the absence of any defi nitive evidence that addresses 
both the mechanical strength as well as anti-infective proper-
ties in allografts, we would propose that if an allograft is the 
only choice available, it should preferably be fresh-frozen, asepti-
cally harvested and subjected to less than 1.8 Mrad of irradiation. 
Indeed, the majority of tissue banks use combined methods (i.e., 
Crylife Inc., Biocleanse, Allowash, Tutoplast process, the clearant 
process, etc.). 
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QUESTION 5: Should autograft or allograft be soaked in an antiseptic or antibiotic solution 
prior to implantation during anterior cruciate ligament reconstruction (ACLR)?

RECOMMENDATION: Yes, autograft tissue should be soaked in an antibiotic solution prior to implantation during ACLR.

LEVEL OF EVIDENCE: Moderate 

DELEGATE VOTE: Agree: 91%, Disagree: 9%, Abstain: 0% (Super Majority, Strong Consensus)

RATIONALE

Infection after ACLR is rare but can cause serious complications 
[1]. Contributing factors that may predispose to infection include 
diabetes, smoking, increased time of surgery and tourniquet infl a-
tion, additional or larger incisions for arthroscopic portals and the 
use of a drain [2].

The use of a preoperative prophylactic antibiotic has been previ-
ously established to reduce infection rates in orthopaedic surgery 
procedures [3]. Historically, ACL allografts have been associated 
with a higher risk for infection. However, a recent systematic review 
reported no diff erence in infection rates between allograft and auto-
graft tissue for ACLR [4]. Further, hamstring autograft grafts have 
been reported to have a higher incidence of infection compared to 
both allografts and bone-tendon-bone (BTB) patellar tendon auto-
grafts [5–7].

Among the published studies, there are strong evidences that 
pre-soaking of hamstring grafts in topical vancomycin reduced the 
rate of postoperative infection when compared to intravenous (IV) 
antibiotics alone. 

Vancomycin has been reported for its use for local antibiotic 
infusion into joints [8]. Vertullo et al. investigated the utility of 
soaking hamstring autografts with vancomycin before implemen-
tation during ACLR. In their investigation, both patient cohorts 
received preoperative IV antibiotics while one group additionally 
received a pre-soaked vancomycin graft. A statistical diff erence in 
infection rates was noted between the two patient groups as the 
preoperative IV antibiotic-only group reported an infection rate 
of 1.4% compared to a 0% rate for the group with the vancomycin-
soaked allograft [9]. 

Pérez-Prieto et al. performed a similar study. Both patient 
cohorts received preoperative IV antibiotics while one group addi-
tionally received a pre-soaked vancomycin graft. However, in this 
series, BTB autografts were included as well. The group without 
vancomycin saturation of the graft had an infection rate of 1.85% 

while the group of patients who received systemic antibiotic 
prophylaxis and graft pre-soaking with vancomycin did not experi-
ence any infections (0%) [10].

Phegan et al., reporting on the use of vancomycin-soaked 
hamstring autografts, noted no infections in a series of 1,300 patients 
receiving prophylactic vancomycin pre-soaked hamstring grafts 
in addition to systemic antibiotics [11]. Additionally, Yazdi et al. 
reported using gentamicin irrigation solutions in conjunction with 
preoperative IV antibiotics with an infection rate of 0.57% compared 
to an infection rate of 2.1% in patients receiving only IV antibiotics. All 
patients in this series received autologous grafts [12]. 

Vancomycin has activity mostly against gram-positive microor-
ganisms, while gentamicin is a broad–spectrum antibiotic targeting 
both gram-positive and gram-negative microorganisms [11]. 

Due to the high impact of literature supporting the use of 
soaking autograft tissue in an antibiotic solution prior to implanta-
tion during ACLR, we conclude that soaking autografts in antibiotic 
solution is an eff ective treatment in reducing infection postopera-
tively. 
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