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after graft preparation was positive (sample 2). In two cases 
(4%), sample 1 and sample 2 were positive for the same bac-
teria. Isolated microorganisms corresponded to coagulase-
negative staphylococci (CNS) and Propionibacterium acnes. 
No bacterial growth was observed in sample 3 (p < 0.001). 
Thus, none of those seven positive cases (0%) were positive 
after vancomycin soaking (p < 0.001).
Conclusion In the series, ACL graft harvesting and manip-
ulation leads to bacterial contamination in 14% of the cases. 
This contamination is fully eradicated after soaking in the 
vancomycin solution in this series.
Level of evidence Level II.

Keywords ACL infection · Biofilm · Vancomycin 
soaking · Infection prevention · ACL contamination

Introduction

Septic knee arthritis after anterior cruciate ligament recon-
struction (ACLR) has an estimated rate of approximately 
1.5%, which is a slightly lower reported incidence than other 
orthopedic related infection [24, 28]. It has been described 
as the most feared and devastating complication [26]. How-
ever, a comprehensive treatment approach has shown cure 
rates of around 100% and better functional outcomes than 
other complications like ACLR-related fractures or arthrofi-
brosis [3, 11, 16]. To achieve it, arthroscopic debridement 
with graft retention along with antibiofilm antibiotics has 
shown optimal results in most series [13, 20, 23].

Most recently, a technique has been described to pre-
vent ACLR infection. This measure consists of soaking the 
graft in a vancomycin solution. By doing so, a reduction in 
the infection rate to 0% in several series has been demon-
strated [19, 21, 29]. With this procedure, the graft acts as 

Abstract 
Purpose Why anterior cruciate ligament (ACL) autograft 
soaking in a 5 mg/ml vancomycin solution decreases the 
rate of infection has not been well-explained. One hypoth-
esis is that grafts can be contaminated during harvesting 
and vancomycin eradicates the bacteria. The purpose of the 
present study is to assess how the vancomycin solution acts 
against ACL graft contamination during graft harvesting and 
preparation.
Methods The study was carried out in three university hos-
pitals over a period of 6 months. After sample size calcula-
tion, 50 patients were included in the study. Three samples 
were taken from each ACL graft. Sample 1 was obtained 
immediately after graft harvesting. After graft manipula-
tion and preparation, the remaining tissue was divided into 
two parts. The raw sample was denominated sample 2 and 
sample 3 consisted of the rest of the remaining tissue that 
had been soaked in the vancomycin solution. All the cultures 
were incubated at 37 °C with 5%  CO2 in agar plates for 7 
days (aerobically) or 14 days (anaerobically) and inspected 
daily for microbial growth. Any bacterial growth and the 
number of colony forming units were reported.
Results In seven cases (14%), either sample 1 or sample 
2 was positive. In five of the cases (10%), only the sample 
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an antibiotic reservoir eluting vancomycin over most of the 
microorganisms’ minimal inhibitory concentration (MIC) 
for 24h [9]. This is the critical period when planktonic bac-
teria can attach itself to the implant or the avascular graft as 
both are recognized as foreign bodies [30].

Another supposed mechanism is that the vancomycin 
solution acts to kill the supposed bacteria which may con-
taminate the graft during harvesting [27]. Surprisingly, no 
previous study has focused on this theory.

The purpose of the present study is to assess how the 
vancomycin solution acts against ACL graft contamination 
during graft harvesting and preparation. The hypothesis is 
that the vancomycin solution reduces contamination rates 
during ACL graft harvesting and preparation.

Materials and methods

A prospective controlled study was performed. The study 
was approved by the Ethics Committee (DEXEUS-CONT-
BACT 6/16). All patients operated on for ACLR in three 
university hospitals were included. Those patients that 
needed an extraarticular procedure or those who received 
an allograft were excluded from the study. Patients with the 
previous knee surgeries or previous knee punctures were 
also excluded. The patients were operated on between June 
2016 and December 2016.

During the study period, a total of 87 ACLR were initially 
included in the study. Thirty-seven out of these eighty-seven 
patients were excluded, because they did not meet the inclu-
sion criteria. Thus, 50 patients were included for the present 
study and there were no further losses.

Surgical protocol

A quadrupled hamstrings’ autograft or bone-patellar ten-
don-bone (BPTB) autograft was chosen depending on the 
patients’ characteristics and surgeons’ preferences. All 
operations were performed on an outpatient basis. There-
fore, no drains were used after surgery. The prophylactic 
antibiotic protocol consisted of a single dose of 2 g of pre-
operative IV cefazolin or a single dose of 1 g of preopera-
tive IV vancomycin if a type 1 penicillin allergy had been 
reported. As a part of the usual protocol, the ACL graft is 
always soaked in a vancomycin solution of 5 mg/ml. The 
solution was prepared by mixing 100 ml of sterile saline 
with 500 mg of vancomycin powder in a tray. After obtain-
ing and preparing the graft, it was immersed in the tray, and 
then, it was wrapped in gauze that had been saturated with 
the vancomycin solution beforehand. The graft was left there 
for 10–15 min immediately prior to its use in the ACLR.

Source of samples

Three samples were taken from each ACL graft at three dis-
tinct points in time. The first sample (sample 1) was obtained 
immediately after graft harvesting. After graft preparation, 
the remaining tissue was divided into two parts: one of them 
was tagged as the second sample (sample 2) and the remain-
ing tissue was soaked in the vancomycin solution with the 
graft that was to be implanted (sample 3).

A minimum sample size of 1–3  mm3 was requested in all 
cases to allow further analysis.

Microbiological protocol

Each tissue was sent in separate sterile containers to the 
microbiological department. All cultures were incubated at 
37 °C with 5%  CO2 in agar plates for 7 days (aerobically) 
or 14 days (anaerobically) and inspected daily for micro-
bial growth. Any bacterial growth and the number of colony 
forming units were reported. Strain identification and a sus-
ceptibility test were performed using standard microbiologi-
cal techniques. After study completion, each positive culture 
was re-evaluated by an experienced microbiologist special-
ized in orthopedic-related infections.

Statistical analysis

Continuous variables were presented as means (with stand-
ard deviation, SD) and ranges as percentages. Categorical 
data were compared between groups with the Chi-square 
test. A p value under 0.05 was considered statistically 
significant.

The Chi-square difference test was used to determine 
the sample size. It was assumed that there would be 17% 
contamination in group sample 1 and group sample 2 (as 
previously reported by Badran [2]) and 0% contamination in 
group sample 3. Accepting an alpha risk of 0.05 and a beta 
risk of 0.2 in a two-sided test, 50 subjects were necessary to 
recognize a difference consisting in an initial proportion of 
0.17 and a final proportion of 0 as statistically significant. A 
drop-out rate of 5% was anticipated.

The statistical analysis was done using the SPSS Statistics 
18.0 software package (SPSS Inc., Chicago, IL).

Results

There were 26 men and 24 women, and the mean age of the 
sample was 36.2 years (SD 11.4 years). In 29 patients, an 
autologous BPTP was used and 21 were treated with autol-
ogous quadrupled hamstrings. No differences in terms of 
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contamination were observed when hamstring and BPTB 
grafts were compared (p = 0.684). None of the patients 
developed septic arthritis in this series.

Contamination during harvesting and manipulation

In seven cases (14%), either sample 1 or sample 2 was posi-
tive. In five cases (10%), only the sample after graft harvest 
and preparation was positive (sample 2). In two cases (4%), 
sample 1 and sample 2 were positive for the same bacteria. 
Isolated microorganisms corresponded to coagulase-neg-
ative staphylococci (CNS) and Propionibacterium acnes. 
More data about those five cases can be seen in Table 1.

The effect of vancomycin soaking on contamination

No bacterial growth was observed in sample 3 (p < 0.001). 
Thus, none of those seven positive cases (0%) was positive 
after vancomycin soaking (p < 0.001).

Discussion

The results of the present study suggest that the ACL auto-
graft is contaminated with bacteria during surgery in 14% 
of the cases, most often during its preparation. That con-
tamination was completely eradicated (0%) using a 5 mg/
ml vancomycin solution, thereby confirming the hypothesis.

Infections after ACLR are a potentially serious complica-
tion, but they are curable if a proper treatment is performed. 
For this reason, there is an increased interest in their surgical 
management and antibiotic treatment. The etiology has been 
also widely studied. Staphylococci are the most important 
causative agents in up to 90% of cases. Approximately half 
of those are due to CNS [5, 26]. Other frequently reported 
pathogens are P. acnes and occasionally enterococci, entero-
bacteriaceae, and Pseudomonas spp. [20]. Staphylococcus 
lugdunensis is considered a CNS due to the lack of pro-
duction of secreted coagulase. Despite this microorganism 
being susceptible to most antibiotics, S. lugdunensis is more 

virulent than other coagulase-negative staphylococci and 
behaves like S. aureus in many clinical situations. There-
fore, this one should be considered a virulent microorganism 
which can cause acute infections, including implant-associ-
ated infections [25]. It is very rarely reported as a causative 
agent for ACLR infections [17] as has been found in the 
present study where this microorganism was isolated in only 
one sample.

The high prevalence of CNS in acute infections is not 
seen in other orthopedic-related infections [30]. For this 
reason, some authors have related this factor to a possible 
contamination during harvesting and manipulation [5, 19, 
20, 27]. Recently, Badran et al. have found a 17% rate of 
contamination during hamstring harvesting where most of 
the cases were due to CNS [2]. Quite the same was observed 
by Gavriilidis et al. They reported a 10% contamination rate 
[8]. Similar results have been found in the present study with 
a 10% rate of contamination, 60% of which were caused by 
CNS. Another study focused on both BPTB and hamstring 
grafts contamination showed similar results [10]. The only 
study that found a significantly higher rate of contamina-
tion is the one by Nakayama et al. in which they obtained 
46% of positive samples [18]. However, this study should be 
carefully looked at as they used swabs for culture purposes. 
This technique is not recommended by experienced micro-
biologists [31].

Then again, it is important to understand that contamina-
tion is not equal to infection as there are factors that can kill 
bacteria such as preoperative antibiotic prophylaxis and the 
patient’s own immune response. This is the reason studies on 
perioperative contamination during orthopedic procedures 
obtain higher rates than the reported clinical infection rates 
[1].

The relevance of ACLR infections is also shown in the 
studies focused on prevention. Special attention should be 
paid to the vancomycin soaking technique that has been 
recommended as a part of a protocol to reduce ACLR 
infection rates [14]. This simple practice that uses a solu-
tion of 5 mg/ml of vancomycin to impregnate the graft 
has proven to be effective in infection prevention [19, 

Table 1  Details of the seven 
cases with positive samples

Hospital 
number

Age Sex Graft type Sample 1 Sample 2 Sample 3

1 34 Male BPTB Negative S. epidermidis Negative
1 27 Female Hamstrings Negative P. acnes Negative
2 18 Male BPTB Negative S. epidermidis Negative
2 51 Male Hamstrings Negative S. Lugdunensis Negative
3 26 Female BPTB Negative S. epidermidis/S. 

auricularis
Negative

1 56 Male BPTB P. acnes P. acnes Negative
1 55 Female BPTB S. caprae S. caprae Negative
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21]. Similar results have been found here as none of the 
patients in the current series developed septic arthritis 
after ACLR. Although the follow-up in the present study 
is very short, a clear majority of ACLR infections occur 
in the first 4–6 weeks [27].

Vancomycin is a useful bactericidal agent against staph-
ylococci and enterococci and has been described as an 
alternative in the treatment of P. acnes implant-associated 
infections [22, 30]. Vancomycin has been shown to be safe 
for local use, and it has already been used in both local 
prophylaxis and treatment in orthopedics [7]. When the 
graft is soaked, it acts as an antibiotic reservoir that will 
be eluted for hours over the MIC of the aforementioned 
microorganisms [9]. The other path that the soaking tech-
nique could act on to achieve a reduction in infection is by 
killing the contamination that occurs during graft harvest-
ing and preparation. There is no previous report of this 
theory, but the present study supports the mechanism of 
ACLR infection reduction. Indeed, no sample was posi-
tive for any microorganism after soaking in vancomycin. 
Furthermore, all patients’ samples in which contamination 
occurred were negative for bacterial growth after vanco-
mycin soaking.

The last consideration is the comparison between the two 
different types of grafts employed. It has been stated that 
hamstring grafts have a greater risk of infection than BPTB 
[4, 15]. One hypothesis is that the more complex hamstrings 
preparation procedure and the presence of more sutures, that 
can act as an “extra” foreign body, will lead to more con-
tamination [6, 12, 20]. The comparison between graft types 
presented here should be analyzed with caution, because it 
was not the purpose and due to the small sample of cases. 
In any case, no differences were found in the present study 
between BPTB and hamstring grafts in terms of contami-
nation, similar to the results obtained by Hantes et al [10].

Some limitations can be found in the present study, the 
most important being the practical correlation of contami-
nation with infection. However, the bacteria that have been 
identified are the same as found in clinical practice. Another 
limitation might be the fact that three different microbiol-
ogy departments analyzed the samples. However, an expe-
rienced microbiologist specialized in orthopedic-related 
infections reviewed the positive samples to reduce this pos-
sible bias. The small cohort of patients could be considered 
another limitation, but a sample size calculation was made 
beforehand.

More studies should be performed to evaluate other 
aspects of the vancomycin soaking technique such as van-
comycin joint concentrations after ACLR or its effect on 
supposed allograft contamination. Nevertheless, the present 
study provides evidential support for the use of vancomy-
cin ACL graft soaking during ACLR in the daily clinical 
practice.

Conclusion

The data presented here have led to the conclusion that the 
harvesting and processing of ACL grafts cause bacterial 
contamination in 14% of all cases. This contamination is 
fully eradicated after soaking the grafts in the vancomycin 
solution.
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