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Abstract

Purpose Infection after anterior cruciate ligament reconstruction (ACL-R) is a rare but severe complication. Despite an
increase in articles published on this topic over the last decade, solid data to optimized diagnostic and therapeutic measures
are scarce. For this reason, the European Bone and Joint Infection Society (EBJIS) and the European Society for Sports
Traumatology, Knee Surgery and Arthroscopy (ESSKA) collaborated in order to develop recommendations for the diagnosis
and management of infections after ACL-R. The aim of the workgroup was to perform a review of the literature and provide
practical guidance to healthcare professionals involved in the management of infections after ACL-R.

Methods An international workgroup was recruited to provide recommendations for predefined clinical dilemmas regarding
the management of infections after ACL-R. MEDLINE, EMBASE, Cochrane Library and Scopus databases were searched
for evidence to support the recommended answers to each dilemma.

Results The recommendations were divided into two articles. The first covers etiology, prevention, diagnosis and antimi-
crobial treatment of septic arthritis following ACL-R and is primarily aimed at infectious disease specialists. This article
includes the second part of the recommendations and covers prevention of infections after ACL-R, surgical treatment of
septic arthritis following ACL-R and subsequent postoperative rehabilitation. It is aimed not only at orthopedic surgeons,
but at all healthcare professionals dealing with patients suffering from infections after ACL-R.

Conclusion These recommendations guide clinicians in achieving timely and accurate diagnosis as well as providing opti-
mal management, both of which are paramount to prevent loss of function and other devastating sequelae of infection in the
knee joint.

Level of evidence V.
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Abbreviations

ACL Anterior cruciate ligament

ACL-R  Anterior cruciate ligament reconstruction

EBJIS  European bone and joint infection society

ESSKA European society for sports traumatology, knee
surgery and arthroscopy

ROM Range of motion

BPTB  Bone-patellar tendon-bone

MRI Magnetic resonance imaging

CRP C-reactive protein

Introduction

Anterior cruciate ligament (ACL) injury is common, espe-
cially in young and active patients. The gold standard for
restoring joint stability and allowing return to competitive
pivoting sports is ACL reconstruction (ACL-R). Infection
after ACL-R is a rare but severe complication, which can
significantly affect the short and long-term postoperative
clinical outcomes [11, 55]. In cases of delayed diagnosis and
suboptimal therapy, infection may result in the degeneration
of cartilage in the knee joint [20].

Recommendations for the management of septic arthritis
after ACL reconstruction were reported in the systematic
review by Wang et al., including studies up to 2012 [70].
However, the increase in articles published in this field in
the last decade has refocused clinicians and researchers on
the topic [2, 6, 17]. Nevertheless, solid data on optimized
diagnostic and therapeutic approaches are scarce. The lack
of updated comprehensive guidelines underlines the neces-
sity to summarize the current literature and provide practi-
cal recommendations for the management of infections after
ACL-R. For this reason, the European Bone and Joint Infec-
tion Society (EBJIS) and the European Society for Sports
Traumatology, Knee Surgery and Arthroscopy (ESSKA)
collaborated in order to develop recommendations for the
diagnosis and management of infections after ACL-R.

The aim of the workgroup was to perform a review of the
literature and provide a practical guidance for healthcare
professionals involved in the management of infections after
ACL-R.

Materials and methods

A steering committee identified 28 clinical dilemmas related
to infection after ACL-R and grouped these into five catego-
ries, namely: (a) etiology, risk factors and prevention; (b)
diagnosis; (c) surgical treatment; (d) systemic antimicrobial
treatment; and (e) rehabilitation. A workgroup of interna-
tional experts was recruited among members of EBJIS and
ESSKA to provide recommendations for each dilemma. The

literature reviews were performed by members of the work-
groups in order to identify the available evidence to sup-
port the recommendations for each dilemma. MEDLINE,
EMBASE, Cochrane Library and Scopus databases were
searched for articles regarding septic arthritis and ACL
reconstruction and surgical treatment and rehabilitation.
Only clinical studies written in English were included. Basic
science studies, letters to the editor and case reports were
excluded. Altogether 101 studies were identified. Most of
the studies were Level IV or Level V studies. Due to the low
incidence of infection after ACL-R and the resulting paucity
of relevant high-quality studies, many recommendations or
suggestions were extrapolated from other joint-related infec-
tions such as septic arthritis or periprosthetic joint infec-
tions, for which more high-quality studies are available.

The recommendations were divided into two articles. The
first covers etiology, prevention, diagnosis and antimicro-
bial treatment of septic arthritis following ACL-R and is
primarily aimed at infectious disease specialists [51]. This
article includes the second part of the recommendations cov-
ering prevention of infections after ACL-R, surgical treat-
ment of septic arthritis following ACL-R and subsequent
post-operative rehabilitation. A summary of the recom-
mendations regarding diagnosis of infections after ACL-R
is also included. This study is aimed not only at orthopedic
surgeons, but also at all healthcare professionals dealing
with patients suffering from infections after ACL-R. Part
of these recommendations was previously published within
the guidelines for management of septic arthritis in native
joints [50].

Prevention

Risk factors for infection after ACL-R include previous
corticosteroid injection, concomitant surgical procedures
and young age [9, 30, 59]. A 3-day skin and nasal universal
decolonization prior to ACL-R is suggested in all hospitals
in which it can be implemented, taking into account that
this recommendation may not be cost-effective [24, 72].
For intravenous antibiotic prophylaxis, one single dose of a
cephalosporin 30—60 min before ACL-R is recommended. In
cases of type 1 allergy to penicillins or cephalosporins, prior
knee infection, antibiotic therapy or known MRSA carriage
prophylaxis with one dose of 1 g of vancomycin (or 15 mg/
kg, max. 2500 mg) can be used. Postoperative antibiotic
(either intravenous or oral) is unnecessary [30, 71].

1. What is the role of preoperative knee aspiration with
regard to development of infections after ACL-R?

In cases of native joints, the risk of infection is very low
(<0.01% after arthrocentesis), although it is supposedly
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higher in cases of knee hemarthrosis after injury due to the
inflammatory response [16]. Therefore, aspiration is indi-
cated only in cases of limited range-of-motion (ROM), the
inability to activate quadriceps muscle or unbearable pain
caused by hemarthrosis. Corticosteroids have been described
as risk factors for infection after ACL-R in the first part
of the ESSKA and EBJIS recommendations and should be
avoided in patients scheduled for ACL-R. There is no data
regarding the optimal timing to safely perform ACL recon-
struction following a corticosteroid injection. According to
the systematic review by Baums et al., the risk of peripros-
thetic joint infection is not increased when total knee arthro-
plasty is postponed for 6 months after the last corticosteroid
injection [7]. Based on the latter study and the recommen-
dations of Conen et al. for native joints [15, 16], we would
recommend postponing surgery (if possible) for 6 months if
the patient received a corticosteroid injection before injury.
However, relevant evidence is needed to support this state-
ment. The indication for ACL surgery will primarily depend
on degree of instability, symptoms and the risk of develop-
ing concomitant pathologies.

Evacuating post-injury hemarthrosis is recommended
only in cases of uncontrolled pain and limited ROM. Cor-
ticosteroid injection should be avoided for at least 6 months
before ACL-R.

2. Is there a preferred graft type to minimize infection
after ACL-R?

Graft choice is a controversial issue in the field of ACL-
R. With regard to autografts, studies have found a signifi-
cantly higher risk of infection when hamstrings were used
compared to bone-patellar tendon-bone (BPTB) graft [13,
21, 34, 37]. A recent meta-analysis confirms this finding
[3]. When hamstrings are compared to quadriceps tendon
autograft, the latter may result in a significantly lower risk
of infection as shown in one retrospectively designed study
on revision ACL-R [56]. Several studies that implement new
preventive strategies such as the vancomycin soaking tech-
nique (see point 3) have reported similar infection rates of
close to 0% either in hamstrings or BPTB autografts [46].
These studies were not aimed at comparing the infection
rates between BPTB and hamstrings [37]. In general, it is
recommended that the choice of graft should be in accord-
ance with the surgeons’ experience and patients’ character-
istics rather than taking infection risk as a basis for decision-
making when the vancomycin technique is used. Intuitively,
allografts are not at greater risk of infection [4]. Although
there are no randomized controlled trials, several studies
confirm this, including a recent meta-analysis [3]. Thus, the
use of either an autograft or allograft, based on patient char-
acteristics rather than infection risk, is recommended [22].
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Allografts and autografts have a similar infection rate.
Therefore, choosing the graft based on surgeons’ experi-
ence and patients’ characteristics is recommended. A ham-
string autograft seems to have a greater risk of infection
after ACL-R compared to BPTB. However, the surgeon
may use either graft depending on the patients’ character-
istics when the vancomycin technique is used.

3. What is the evidence and the recommendation for
ACL graft soaking in a vancomycin solution?

The technique of soaking the ACL graft in a vancomycin
solution was first described by Vertullo et al. in 2012. A
5 mg/ml vancomycin solution is used to soak the graft for
10-15 min in order to eradicate contamination and also pro-
vide an antibiotic reservoir [23, 29, 45, 68]. A close to 0%
infection rate has been found in all relevant studies, in both
hamstring or BPTB autograft [5, 18, 42, 46, 47]. Two recent
meta-analyses that included 3,000 and 8,700 ACL-R using
the vancomycin technique have also obtained similar results
with an incidence of 0% and 0.01% infections after ACL-R,
respectively, when this technique was used [19, 41]. Addi-
tionally, recent studies have proven it to be a safe technique
with no increase in re-ruptures and a similar return-to-play
time [10, 26, 42]. Moreover, it is a cost-effective technique
[32, 42]. However, it is important to remember that all other
measures to reduce infection including behavior in the oper-
ating room must be implemented and cannot be neglected.
All the cited studies include primary reconstructions without
other procedures, in which infection risk is higher. Soaking
techniques using other antibiotics, e.g., gentamicin, have
also been described [74]. However, evidence is more limited
and the activity against staphylococci is inferior to vancomy-
cin. The resistance of microorganisms to vancomycin is very
rare. It has mostly been described in enterococci, which is an
infrequent pathogen in infections after ACL-R.

Soaking the ACL graft in a 5 mg/ml solution of vanco-
mycin is recommended as the technique reduces infection
after ACL-R.

Diagnosis

Diagnosis of infection after ACL-R is based on patient
history, physical examination, laboratory parameters sug-
gestive of an infectious process and analyses of synovial
fluid following joint aspiration. The signs and symptoms
suggestive of infection include delayed ROM recovery,
hyperthermia or swelling, wound drainage and arthrofibro-
sis as well as unusual pain and systemic symptoms such as
fever and malaise [65, 70]. When skin redness, increased
temperature and tenderness or delayed wound healing are
located at the site where the graft was harvested, then a



Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:4204-4212

4207

superficial infection at the harvest site is included in the
differential diagnosis. Although superficial infections may
occur, due to the proximity between graft harvest site and
tibial tunnel, anteromedial portal and intra-articular cavity,
the investigation for septic arthritis should be completed
in all cases.

CRP as a systemic inflammatory parameter shows high
sensitivity in acute infection conditions and low sensitiv-
ity in chronic infections. A secondary increase in CRP in
the postoperative course is suggestive of infection as is a
tenfold elevation of the normal value in the first postopera-
tive week [36, 52]. The value of imaging in infections after
ACL-R is secondary. Magnetic resonance imaging (MRI)
provides information about soft tissue, such as synovitis or
cyst formation. It may be used in doubtful cases to exclude
other causes of an unfavorable postoperative course and
complications.

Aspiration is mandatory in cases of suspicious of infec-
tion after ACL-R. It needs to be performed prior to admin-
istration of antibiotics. Antibiotic pretreatment may affect
the microbiological examination and should be withheld
until synovial fluid has been harvested. The determina-
tion of the leukocyte count and percentage of polymor-
phonuclear cells in synovial fluid is the cornerstone in the
diagnosis of infections after ACL-R. A normal leukocyte
count (<2.000 /ul) rules out infection in most cases. A
granulocytes percentage of >90% shows a high likeli-
hood ratio for infection [40]. Microbiological cultures of
synovial fluid should preferably be inoculated in pediatric
blood culture bottles and plated on solid media. In cases
of acute infection at a later stage after ACL-R, crystal
arthropathy should be excluded through microscopy. In
the case of an acute onset of local and systemic signs and
symptoms of knee infection at any time after an uneventful
period after ACL-R, blood cultures should be collected to
exclude hematogenous infection.

During arthroscopic debridement for septic arthritis
after ACL-R, the surgeon is recommended to collect and
analyze synovial fluid for microbiological analysis (blood
cultures bottles and native vials), five tissue samples from
representative and macroscopically infected tissue and
at least one sample for histopathological examination.
In cases of removal or exchange of the graft and/or the
fixation devices, the graft should be sent for microbio-
logical culture and foreign material (fixation devices) to
sonication. The laboratory should be notified about the
type of infection and that a foreign body is involved in
the infection to ensure prolonged incubation of the sam-
ples. Confirmative criteria for infection after ACL-R are
intraarticular purulence, purulent secretion or sinus tract
communication with the joint, positive cultures of tissue,
synovial fluid or sonication and/or histopathology consist-
ent with acute infection [64, 65, 73].

Surgical treatment

4. Surgical treatment is necessary for an infection after
ACL-R. Which type of surgery is recommended?

The key aims in the management of infection after
ACL-R are successful infection clearance and the complete
functional recovery of the knee joint [27, 28, 67]. The pri-
mary endpoint of previous studies comparing conservative
treatment and surgical debridement was infection cure with-
out any assessment of functional outcomes or cartilage dam-
age [35, 49].

Despite the lack of evidence, the present group recom-
mends arthroscopic debridement for the following reasons:

e Surgical treatment is necessary to wash out proteolytic
enzymes and toxins which cause chondrocyte degenera-
tion [54, 58].

e Prompt evacuation of the joint by means of arthroscopic
revision reduces the bacterial load and intraarticular pres-
sure [64].

e Arthroscopy allows for cartilage evaluation in accordance
with the Géchter classification and the evaluation of graft
stability and viability [61, 62].

e Compared to open surgery, arthroscopy has proven to
be less invasive and facilitates a faster recovery, without
compromising the cure rate [44].

However, open debridement is indicated in cases when
there is subchondral bone involvement (Géachter IV) [62].

Although there are old reports of successful treatment
with percutaneous drainage or bedside arthrocentesis [35,
49], the current literature recommends arthroscopic debride-
ment and intravenous antibiotic therapy as the treatment of
choice for septic arthritis after ACL-R [31, 43].

Arthroscopic debridement in combination with antibi-
otic therapy is recommended as the primary therapeutic
option in every patient. In the rare case of inoperability,
repeated needle aspiration might be an alternative.

5. What is the best time for surgical treatment?

Intraarticular infection can lead to graft failure, joint stiff-
ness and chondral damage, and therefore arthroscopic sur-
gery is required as soon as possible [14]. Delaying surgical
treatment leads to chondrocyte degradation and ACL graft
insufficiency, which can cause functional disability. There-
fore, surgical treatment should be performed immediately
when infection is considered. Delayed treatment and pro-
longed intra-articular infection have been shown to compro-
mise graft function [56]. The cartilage loses more than half
of its glycosaminoglycan and collagen if surgical treatment
is not initiated within 7 days of the onset of symptoms [58,
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60]. Delayed treatment of more than 7 days, late presentation
(more than 30 days after surgery) and virulent microorgan-
isms are risk factors for prolonged treatment and the need
for an arthrotomy and graft and hardware removal [25, 27,
48, 53, 69]. Dave et al. reported a correlation between the
number of hours between the onset of symptoms and index
surgery and the need for multiple procedures [28].

Surgical treatment is recommended as soon as a clinical
suspicion is established in cases with acute symptoms or in
the early postoperative period, even if the microbiological
results are still pending.

6. How many arthroscopic procedures should be per-
formed?

Wang et al. reported that 60% of the patients were suc-
cessfully treated with a single arthroscopic debridement.
Repeated debridement was carried out because of persis-
tent clinical symptoms, fever or increased CRP levels [69].
Additional arthroscopic debridement is indicated in cases of
persistent septic arthritis, persistent microorganism in cul-
tures or clinical symptoms (i.e., local inflammatory changes,
persistent wound drainage, fever) and pathologic laboratory
results (i.e., persistent or secondarily increased CRP) [14,
27]. Binnet et al. showed that an average of 2.66 procedures
was required to eradicate infection [8]. In previous reports,
the graft along with its original fixation material remained in
place when the graft was considered functional and did not
block knee motion [39]. Indeed, several reports have shown
that about four out of five ACL grafts can be successfully
salvaged with multiple debridement procedures. However,
Vertullo et al. suggest that failure to see an improvement
after two arthroscopic irrigations implies that the bacteria
have formed a biofilm, and the graft is non-viable or that
osteomyelitis has also involved the femoral tunnel [68].
Calvo et al. repeated joint lavage several times [14]. After the
third lavage, the graft and implants were removed because of
a persistent clinical infection, macroscopic graft damage or
elevated inflammation parameters. However, those patients
had presented more than one week after infection started. In
cases with persistent infection, MRI should be considered
to evaluate the possible involvement of the tunnels and to
detect cavities or abscess formation [48]. McAllister et al.
were able to retain the graft by managing persistent infec-
tions with two to four subsequent debridement procedures,

but all four patients developed degenerative changes at a
mean of 36 months (range, 28 to 42 months) [39]. One factor
that is crucial for graft viability is an early diagnosis, since
patients diagnosed after 7 days from the onset of symptoms
have a higher graft removal rate [53, 69]. Delayed treatment
may weaken the graft, delay integration or lead to insuf-
ficiency [56].

Scheduled debridement should not be performed in
patients with a favorable course after the first debridement.

Additional debridement is indicated if the clini-
cal course is not favorable. Unfavorable determinants
include increasing pain, fever or persistent or secondarily
increased CRP without any other explanation (e.g., noso-
comial infection), a persistent drainage from the portal or
persistent local signs of inflammation. In cases with an
uneventful course, repeated arthroscopic debridement is
not needed. If the course is not adequate after the third
debridement, graft and hardware removal should be con-
sidered. In cases with persistent infection, MRI may help
to evaluate bony involvement.

7. What is the role of the Géchter classification in infec-
tions after ACL-R?

Intraoperative arthroscopic findings in native septic
arthritis were described and stratified by Géchter et al. and
are shown in Table 1 [62]. This classification is a useful
guide to the therapeutic measures to take. It recommends
mild arthroscopic debridement of necrotic tissue and adhe-
siolysis only using the shaver or radiofrequency, without
synovectomy in stage I (mainly lavage) because the synovial
membrane acts as a barrier and provides the joint with nutri-
ents and antibiotics. Moreover, complete removal, when it is
not affected by infection, will provoke bleeding and hema-
toma. Aggressive arthroscopic debridement is recommended
in stages II and III and open debridement (arthrotomy) in
stage I'V. This classification also predicts the need for further
debridement, 52% in stage II and 75% in stage III [62].

Although several authors recommend choosing the sur-
gical strategy according to the Gichter staging, there is no
study that has validated its utility in infections after ACL-R.
Nevertheless, the use of the Géchter classification is recom-
mended as a surgical and prognostic guide in infections after
ACL-R. It should be considered in combination with graft
viability and hardware stability.

Table 1 Clinical staging
of native septic arthritis by

Clinical staging (Géchter classification) Intraoperative (arthroscopic) spread of inflammatory process

Gichter et al. [55] Stage 1

Stage 2
Stage 3
Stage 4

Turbid effusion and hyperemic synovia
Purulent effusion, fibrinous appositions and hypertrophic synovia
Synovial adhesion, necrotic areas of synovia and cartilage

Cartilage necrosis, bone erosion and osteolysis
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The Gdchter classification along with graft condition
is recommended as a guide to decide whether to per-
Jorm arthroscopic debridement with graft retention or
debridement with graft and hardware removal for ACL-R
infections.

8. In which situations should the graft and hardware be
removed? When can the new ACL-R be performed
after graft and hardware removal?

Graft removal should be considered when multiple
debridement procedures fail to control the infection, and
fixation devices are loose or in cases with graft insufficiency
[28]. Further, graft and hardware removal should be per-
formed in cases of bony involvement of the tibia or femur
(Géchter IV) [56].

According to several studies, revision ACL-R may be
considered three to six months following graft removal [3,
28, 40, 60]. However, this approach was recommended in
patients with additional osteomyelitis rather than in primary
infection after ACL-R.

Based on the available evidence on PJI and native septic
arthritis, a new graft can be reconstructed in a shorter period
(6 weeks) if the following criteria are fulfilled [75]:

No bone involvement (no osteomyelitis)

Favorable clinical evolution

Decreasing CRP (normal value is not required)
Absence of difficult-to-treat infections caused by a micro-
organism that is resistant to biofilm-active antibiotics

At the time of repeat ACL-R, tissue cultures from the
synovial membrane and bone tunnels must be obtained dur-
ing surgery. Histopathology of the tunnels may be of help
in ruling out osteomyelitis. Keeping patients on antibiotics
until the results of intraoperative diagnostics are available
is recommended.

If these requirements are not met, the new ACL-R must
be delayed, either after additional debridement procedures or
when the prolonged antibiotic treatment (i.e., osteomyelitis
treatment) is completed.

Graft and hardware must be removed in cases of multi-
ple debridement procedure failures and/or hardware loos-
ening/graft insufficiency. In selected cases ACL revision
surgery can be performed 6 weeks after graft and hardware
removal.

Treatment of infections after ACL-R consists of a combi-
nation of surgical and antimicrobial therapy. Comprehensive
presentation of antimicrobial treatment is included in the
first part of recommendations, primarily addressing infec-
tious disease specialists. In summary, immediately after joint
aspiration empirical intravenous antibiotic therapy should be
commenced in cases with strong clinical evidence of acute

infection. The empirical treatment should start with a beta
lactam/beta lactam inhibitor combination along with vanco-
mycin or daptomycin until culture results are available. The
recommended pathogen-specific treatment is analyzed in the
first article. A 1-week (up to 2 weeks) course of intravenous
treatment is suggested followed by oral treatment for another
4-5 weeks. Bactericidal agents with good bioavailability and
bone penetration as well as biofilm activity in infections with
any grafts and fixation devices in place are preferred. Good
clinical response with nearly normal CRP values allows
change to oral treatment.

Rehabilitation

9. Are functional outcomes impaired in patients after
an ACL-R infection?

A satisfactory result after treatment of an ACL-R infec-
tion should be defined as good functional scores, preserved
articular cartilage architecture and ACL graft function, res-
toration of full ROM and a return to previous level of activ-
ity [64].

Some studies suggest that knee function is impaired after
infection, and the results are inferior to those without an
infection after ACL reconstruction [25, 53, 59]. Stiffness and
arthrofibrosis are the most common reasons for limited func-
tion [33, 53]. Even after arthroscopic arthrolysis, a flexion
or extension deficit may be seen in infected patients [25, 28,
39, 73]. Abdel-Aziz et al. found loss of ROM in 21% of the
patients with an infection following ACL-R [1], whereas in
the Judd et al. study, infected ACL-R did require a longer
rehabilitation period compared to non-infected cases [28].

Conversely, Bostrom et al. reported no inferior objective
knee function and patient satisfaction in 27 patients with
infection after ACL-R in comparison with patients with an
uncomplicated course after ACL-R, at a follow-up time of
60 months [11]. In a recent study comparing patients with
initial graft retention and those with graft removal and con-
secutive revision ACL-R, there was no statistically signifi-
cant difference concerning functional outcomes and return
to sports rate [63]. Interestingly, in another study when the
ACL-R infection went undetected for less than 5 days, no
statistically significant differences were noted in the mean
Lysholm, IKDC, or KOOS scores between the study groups
[73]. It is well-known that delay in treatment could lead to
graft failure, articular cartilage damage and joint dysfunction
[48]. Prolonged septic arthritis can result in irreversible joint
destruction and immediate treatment is imperative [12, 38].

It is not clear whether functional scores are impaired in
patients with infection after ACL-R. Early diagnosis and
treatment are crucial to prevent arthrofibrosis, stiffness
and cartilage destruction.
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10. Which rehabilitation protocol is appropriate in
cases of infection after ACL-R?

Trueta and Barnes were the first to suggest immobilization
of the limb when dealing with wound infection [66]. However,
those studies were carried out 80 years ago and were mostly
related to open fractures in war injuries. What is crucial to
healing in a septic non-union might be harmful in terms of
infections after ACL-R, because the main sequelae in infec-
tions after ACL-R is a decrease in ROM, as previously stated.

Physical therapy should focus on preventing stiffness and
regaining ROM [27]. A loss of flexion, with a mean loss of
5.8°, was reported in 13 studies [28]. Thus, after arthroscopic
irrigation and debridement, early mobilization and ROM exer-
cises are recommended according to patient’s symptoms and
pain [14]. The protocol also includes quadriceps and ham-
strings strengthening through progressive isometric, isotonic
and isokinetic exercises with close monitoring of symptoms
[59, 64]. Weight-bearing may be allowed, as tolerated, from
the early postoperative period [53, 57, 67].

In patients with an infection after ACL-R, the same reha-
bilitation protocols as for primary ACL-R are recommended
in order to prevent arthrofibrosis. Physical therapy is impor-
tant for muscle strengthening and ROM improvement. How-
ever, the program should be adjusted according to patient’s
symptoms and pain.

Author contributions DP involved in literature search, data extraction
and interpretation, manuscript writing, and conceived and designed
the paper. TT involved in literature search, data extraction and inter-
pretation, and manuscript writing. TM involved in literature search,
data extraction and interpretation, and manuscript editing. RB involved
in manuscript editing and final critical revision. CR involved in data
extraction and interpretation, manuscript editing, and conceived and
designed the paper. JCM involved in manuscript editing, final critical
revision, and conceived and designed the paper. NR involved in litera-
ture search, data extraction and interpretation, manuscript editing, and
conceived and designed the paper.

Funding Open access funding provided by HEAL-Link Greece. There
are no funding sources to report.

Declarations

Conflict of interest All authors declare that they have no conflict of
interest related to this study.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Informed consent Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes

@ Springer

were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Abdel-Aziz A, Radwan YA, Rizk A (2014) Multiple arthro-
scopic debridement and graft retention in septic knee arthritis
after ACL reconstruction: a prospective case-control study. Int
Orthop 38(1):73-82

2. Banios K, Komnos GA, Raoulis V, Bareka M, Chalatsis G, Han-
tes ME (2021) Soaking of autografts with vancomycin is highly
effective on preventing postoperative septic arthritis in patients
undergoing ACL reconstruction with hamstrings autografts.
Knee Surg Sports Traumatol Arthrosc 29(3):876-880

3. Bansal A, Lamplot JD, VandenBerg J, Brophy RH (2018) Meta-
analysis of the risk of infections after anterior cruciate ligament
reconstruction by graft type. Am J Sports Med 46(6):1500-1508

4. Barker JU, Drakos MC, Maak TG, Warren RF, Williams RJ,
Allen AA (2010) Effect of graft selection on the incidence of
postoperative infection in anterior cruciate ligament reconstruc-
tion. Am J Sports Med 38(2):281-286

5. Baron JE, Shamrock AG, Cates WT, Cates RA, An Q, Wolf BR
et al (2019) Graft preparation with intraoperative vancomycin
decreases infection after ACL reconstruction: a review of 1,640
cases. ] Bone Joint Surg Am 101(24):2187-2193

6. Bartek B, Winkler T, Garbe A, Schelberger T, Perka C, Jung
T (2022) Bacterial contamination of irrigation fluid and suture
material during ACL reconstruction and meniscus surgery: low
infection rate despite increasing contamination over surgery
time. Knee Surg Sports Traumatol Arthrosc 30(1):246-252

7. Baums MH, Aquilina J, Pérez-Prieto D, Sleiman O, Geropoulos
G, Totlis T (2023) Risk analysis of periprosthetic knee joint
infection (PJI) in total knee arthroplasty after preoperative cor-
ticosteroid injection: a systematic review : a study performed by
the Early-Osteoarthritis group of ESSKA-European Knee Asso-
ciates section. Arch Orthop Trauma Surg 143(5):2683-2691

8. Binnet MS, Basarir K (2007) Risk and outcome of infection
after different arthroscopic anterior cruciate ligament recon-
struction techniques. Arthroscopy 23(8):862-868

9. Bohu Y, Klouche S, Herman S, de Pamphilis O, Gerometta A,
Lefevre N (2019) Professional athletes are not at a higher risk of
infections after anterior cruciate ligament reconstruction: inci-
dence of septic arthritis, additional costs, and clinical outcomes
from the French prospective anterior cruciate ligament study
(FAST) cohort. Am J Sports Med 47(1):104-111

10. Bohu Y, Klouche S, Sezer HB, Herman S, Grimaud O, Ger-
ometta A et al (2020) Vancomycin-soaked autografts during
ACL reconstruction reduce the risk of post-operative infection
without affecting return to sport or knee function. Knee Surg
Sports Traumatol Arthrosc 28(8):2578-2585

11. Bostrom Windhamre H, Mikkelsen C, Forssblad M, Willberg L
(2014) Postoperative septic arthritis after anterior cruciate liga-
ment reconstruction: does it affect the outcome? A retrospective
controlled study Arthroscopy 30(9):1100-1109

12. BrandJ, Neubauer T, Omar M (2022) Management von Gelen-
kempyemen [Management of joint empyema]. Unfallchirurg
125(1):19-25

13. Brophy RH, Wright RW, Huston LJ, Nwosu SK, MOON Knee
Group, Spindler KP (2015) Factors associated with infection


http://creativecommons.org/licenses/by/4.0/

Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:4204-4212

4211

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

following anterior cruciate ligament reconstruction. J Bone
Joint Surg Am 97(6):450-454

Calvo R, Figueroa D, Anastasiadis Z, Vaisman A, Olid A, Gili
F et al (2014) Septic arthritis in ACL reconstruction surgery
with hamstring autografts. Eleven years of experience. Knee
21(3):717-720

Cole BJ, Schumacher HR (2005) Injectable corticosteroids in
modern practice. J] Am Acad Orthop Surg 13(1):37-46

Conen A, Borens O (2016) Septic arthritis. In: Kates SL, Davos
BO (eds) Principles of orthopedic infection management. AO
Publishing, Switzerland, pp 213-226

Eisenberg MT, Block AM, Vopat ML, Olsen MA, Nepple JJ
(2022) Rates of infection after ACL reconstruction in pediatric
and adolescent patients: a MarketScan database study of 44,501
patients. J Pediatr Orthop 42(4):e362—e366

Figueroa D, Figueroa F, Calvo R, Lopez M, Goiii I (2019)
Presoaking of hamstring autografts in vancomycin decreases
the occurrence of infection following primary anterior
cruciate ligament reconstruction. Orthop J Sports Med
7(9):2325967119871038

Figueroa F, Figueroa D, Calvo R, Vaisman A, Nuifiez M, Putnis
S (2022) Vancomycin presoaking of the graft appears to prevent
infection after anterior cruciate ligament reconstruction: a system-
atic review and meta-analysis. HSS J 18(1):138-144

Fink C, Hoser C, Hackl W, Navarro RA, Benedetto KP (2001)
Long-term outcome of operative or nonoperative treatment of
anterior cruciate ligament rupture-is sports activity a determin-
ing variable? Int J Sports Med 22(4):304-309

Georgoulis JD, Mavrogenis AF, Gkiatas I, Chatzipapas CN, Kou-
lalis D, Mastrokalos D et al (2022) Higher infection rate after
ACL reconstruction with hamstrings tendon autografts compared
with bone patellar bone tendon autografts: a review. J Long Term
Eff Med Implants 32(3):9-13

Grassi A, Nitri M, Moulton SG, Marcheggiani Muccioli GM,
Bondi A, Romagnoli M et al (2017) Does the type of graft affect
the outcome of revision anterior cruciate ligament reconstruction?
A meta-analysis of 32 studies. Bone Jt J 99-B(6):714-723
Grayson JE, Grant GD, Dukie S, Vertullo CJ (2011) The in vitro
elution characteristics of vancomycin from tendons. Clin Orthop
Relat Res 469(10):2948-2952

Hadi H, Jabalameli M, Bagherifard A, Ghaznavi-Rad E, Behrouzi
A, Joorabchi A et al (2018) Staphylococcus aureus colonization
in patients undergoing total hip or knee arthroplasty and cost-
effectiveness of decolonization programme. Arch Bone Jt Surg
6(6):554-559

Hantes ME, Raoulis VA, Doxariotis N, Drakos A, Karachalios T,
Malizos KN (2017) Management of septic arthritis after arthro-
scopic anterior cruciate ligament reconstruction using a standard
surgical protocol. Knee 24(3):588-593

Hees T, Abdelatif Y, Karpinski K, Bierke S, Haner M, Park HU
et al (2022) Soaking ACL grafts in vancomycin solution (1 mg/ml)
reduces the infection rate without increasing the risk for re-rupture
and arthrofibrosis. Arch Orthop Trauma Surg 142(6):1141-1146
Indelli PF, Dillingham M, Fanton G, Schurman DJ (2002) Septic
arthritis in postoperative anterior cruciate ligament reconstruction.
Clin Orthop Relat Res 398:182—188

Judd D, Bottoni C, Kim D, Burke M, Hooker S (2006) Infections
following arthroscopic anterior cruciate ligament reconstruction.
Arthroscopy 22(4):375-384

Komnos GA, Chalatsis G, Mitrousias V, Hantes ME (2022) Post-
operative infection after anterior cruciate ligament reconstruction:
prevention and management. Microorganisms 10(12):2349
Kraus Schmitz J, Lindgren V, Edman G, Janarv P-M, Forssblad
M, Stalman A (2021) Risk factors for septic arthritis after anterior
cruciate ligament reconstruction: a nationwide analysis of 26,014
ACL reconstructions. Am J Sports Med 49(7):1769-1776

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Lo Presti M, Costa GG, Grassi A, Cialdella S, Agro G, Busacca M
et al (2020) Graft-preserving arthroscopic debridement with hard-
ware removal is effective for septic arthritis after anterior cruciate
ligament reconstruction: a clinical, arthrometric, and magnetic
resonance imaging evaluation. Am J Sports Med 48(8):1907-1915
LeClere LE, Cox CL, Wright RW (2022) A review of evidence
for infection reduction with vancomycin-treated anterior cruciate
ligament grafts. ] Am Acad Orthop Surg 30(24):e1571-e1579
Makhni EC, Steinhaus ME, Mehran N, Schulz BS, Ahmad CS
(2015) Functional outcome and graft retention in patients with
septic arthritis after anterior cruciate ligament reconstruction: a
systematic review. Arthroscopy 31(7):1392-1401

Maletis GB, Inacio MCS, Reynolds S, Desmond JL, Maletis MM,
Funahashi TT (2013) Incidence of postoperative anterior cruciate
ligament reconstruction infections: graft choice makes a differ-
ence. Am J Sports Med 41(8):1780-1785

Manadan AM, Block JA (2004) Daily needle aspiration versus
surgical lavage for the treatment of bacterial septic arthritis in
adults. Am J Ther 11(5):412-415

Margheritini F, Camillieri G, Mancini L, Mariani PP (2001)
C-reactive protein and erythrocyte sedimentation rate changes fol-
lowing arthroscopically assisted anterior cruciate ligament recon-
struction. Knee Surg Sports Traumatol Arthrosc 9(6):343-345
Marom N, Kapadia M, Nguyen JT, Ammerman B, Boyle C, Wolfe
I et al (2022) Factors associated with an intra-articular infection
after anterior cruciate ligament reconstruction: a large single-
institution cohort study. Am J Sports Med 50(5):1229-1236
Matthews PC, Dean BJ, Medagoda K, Gundle R, Atkins BL, Ber-
endt AR et al (2008) Native hip joint septic arthritis in 20 adults:
delayed presentation beyond three weeks predicts need for exci-
sion arthroplasty. J Infect 57(3):185-190

McAllister DR, Parker RD, Cooper AE, Recht MP, Abate J (1999)
Outcomes of postoperative septic arthritis after anterior cruciate
ligament reconstruction. Am J Sports Med 27(5):562-570
Mouzopoulos G, Fotopoulos VC, Tzurbakis M (2009) Septic knee
arthritis following ACL reconstruction: a systematic review. Knee
Surg Sports Traumatol Arthrosc 17(9):1033-1042

Naendrup J-H, Marche B, de Sa D, Koenen P, Otchwemah R,
Wafaisade A, Pfeiffer TR (2019) Vancomycin-soaking of the graft
reduces the incidence of septic arthritis following ACL recon-
struction: results of a systematic review and meta-analysis. Knee
Surg Sports Traumatol Arthrosc 28(4):1005-1013

Offerhaus C, Balke M, Hente J, Gehling M, Blendl S, Hoher J
(2019) Vancomycin pre-soaking of the graft reduces postopera-
tive infection rate without increasing risk of graft failure and
arthrofibrosis in ACL reconstruction. Knee Surg Sports Traumatol
Arthrosc 27(9):3014-3021

Ozbek EA, Dadoo S, Chang A, Simonian L, Sebastiani R, Herman
Z et al (2023) Rates of septic arthritis after ACL reconstruction: a
single-center analysis highlighting quadriceps tendon grafts. Am
J Sports Med. https://doi.org/10.1177/03635465231165509
Peres LR, Marchitto RO, Pereira GS, Yoshino FS, de Castro
FM, Matsumoto MH (2016) Arthrotomy versus arthroscopy
in the treatment of septic arthritis of the knee in adults: a ran-
domized clinical trial. Knee Surg Sports Traumatol Arthrosc
24(10):3155-3162

Pérez-Prieto D, Portillo ME, Torres-Claramunt R, Pelfort X, Hin-
arejos P, Monllau JC (2018) Contamination occurs during ACL
graft harvesting and manipulation, but it can be easily eradicated.
Knee Surg Sports Traumatol Arthrosc 26(2):558-562
Pérez-Prieto D, Torres-Claramunt R, Gelber PE, Shehata TMA,
Pelfort X, Monllau JC (2016) Autograft soaking in vancomycin
reduces the risk of infection after anterior cruciate ligament recon-
struction. Knee Surg Sports Traumatol Arthrosc 24(9):2724-2728
Phegan M, Grayson JE, Vertullo CJ (2016) No infections in 1300
anterior cruciate ligament reconstructions with vancomycin

@ Springer


https://doi.org/10.1177/03635465231165509

4212

Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:4204-4212

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Qs

pre-soaking of hamstring grafts. Knee Surg Sports Traumatol
Arthrosc 24(9):2729-2735

Pogorzelski J, Themessl A, Achtnich A, Fritz EM, Wortler K,
Imhoft AB et al (2018) Septic arthritis after anterior cruciate liga-
ment reconstruction: how important is graft salvage? Am J Sports
Med 46(10):2376-2383

Ravindran V, Logan I, Bourke BE (2009) Medical vs surgical
treatment for the native joint in septic arthritis: a 6-year, sin-
gle UK academic centre experience. Rheumatology (Oxford)
48(10):1320-1322

Ravn C, Neyt J, Benito N, Abreu MA, Achermann Y, Bozhkova S
et al (2023) Guideline for management of septic arthritis in native
joints (SANJO). J Bone Jt Infect 8(1):29-37

Renz N, Madjarevic T, Ferrari M, Becker R, Ravn C, Vogely C
et al (2023) Recommendations on diagnosis and antimicrobial
treatment of infections after anterior cruciate ligament reconstruc-
tion (ACL-R) endorsed by ESSKA and EBJIS. J Infect. https://
doi.org/10.1016/j.jinf.2023.03.021

Ruiz-Iban MA, Diaz Heredia J, Martinez Val IC, Alonso Guemes
S et al (2015) Evolution of C-reactive protein values in the first
month after anterior cruciate ligament reconstruction: reference
values. Knee Surg Sports Traumatol Arthrosc 23(3):763-769
Saper M, Stephenson K, Heisey M (2014) Arthroscopic irrigation
and debridement in the treatment of septic arthritis after anterior
cruciate ligament reconstruction. Arthroscopy 30(6):747-754
Schollin-Borg M, Michaélsson K, Rahme H (2003) Presenta-
tion, outcome, and cause of septic arthritis after anterior cruci-
ate ligament reconstruction: a case control study. Arthroscopy
19(9):941-947

Schub DL, Schmitz LM, Sakamoto FA, Winalski CS, Parker
RD (2012) Long-term outcomes of postoperative septic arthritis
after anterior cruciate ligament reconstruction. Am J Sports Med
40(12):2764-2770

Schuster P, Schlumberger M, Mayer P, Raoulis VA, Oremek D,
Eichinger M et al (2020) Lower incidence of post-operative septic
arthritis following revision anterior cruciate ligament reconstruc-
tion with quadriceps tendon compared to hamstring tendons. Knee
Surg Sports Traumatol Arthrosc 28(8):2572-2577

Schuster P, Schulz M, Immendoerfer M, Mayer P, Schlumberger
M, Richter J (2015) Septic arthritis after arthroscopic anterior cru-
ciate ligament reconstruction: evaluation of an arthroscopic graft-
retaining treatment protocol. Am J Sports Med 43(12):3005-3012
Smith RL, Schurman DJ, Kajiyama G, Mell M, Gilkerson E
(1987) The effect of antibiotics on the destruction of carti-
lage in experimental infectious arthritis. J Bone Joint Surg Am
69(7):1063-1068

Sonnery-Cottet B, Archbold P, Zayni R, Bortolletto J, Thaunat
M, Prost T et al (2011) Prevalence of septic arthritis after anterior
cruciate ligament reconstruction among professional athletes. Am
J Sports Med 39(11):2371-2376

Studahl M, Bergman B, Kilebo P, Lindberg J (1994) Septic arthri-
tis of the knee: a 10-year review and long-term follow-up using a
new scoring system. Scand J Infect Dis 26(1):85-93

Stutz G, Gichter A (2001) Diagnosis and stage-related therapy of
joint infections. Unfallchirurg 104(8):682-686

pringer

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Stutz G, Kuster MS, Kleinstiick F, Gdchter A (2000) Arthroscopic
management of septic arthritis: stages of infection and results.
Knee Surg Sports Traumatol Arthrosc 8(5):270-274

Themessl A, Mayr F, Hatter K, Rupp M-C, Pogorzelski J, Imhoff
AB et al (2022) Patients return to sports and to work after suc-
cessful treatment of septic arthritis following anterior cruciate
ligament reconstruction. Knee Surg Sports Traumatol Arthrosc
30(6):1871-1879

Torres-Claramunt R, Gelber P, Pelfort X, Hinarejos P, Leal-Blan-
quet J, Pérez-Prieto D et al (2016) Managing septic arthritis after
knee ligament reconstruction. Int Orthop 40(3):607-614
Torres-Claramunt R, Pelfort X, Erquicia J, Gil-Gonzalez S, Gelber
PE, Puig L et al (2013) Knee joint infection after ACL recon-
struction: prevalence, management and functional outcomes. Knee
Surg Sports Traumatol Arthrosc 21(12):2844-2849

Trueta J, Barnes JM (1940) The rationale of complete immobiliza-
tion in treatment of infected wounds. Br Med J 2(4149):46—48
Van Tongel A, Stuyck J, Bellemans J, Vandenneucker H (2007)
Septic arthritis after arthroscopic anterior cruciate ligament recon-
struction: a retrospective analysis of incidence, management and
outcome. Am J Sports Med 35(7):1059-1063

Vertullo CJ, Quick M, Jones A, Grayson JE (2012) A surgi-
cal technique using presoaked vancomycin hamstring grafts to
decrease the risk of infection after anterior cruciate ligament
reconstruction. Arthroscopy 28(3):337-342

Wang C, Ao Y, Wang J, Hu Y, Cui G, YuJ (2009) Septic arthri-
tis after arthroscopic anterior cruciate ligament reconstruction: a
retrospective analysis of incidence, presentation, treatment, and
cause. Arthroscopy 25(3):243-249

Wang C, Lee YH, Siebold R (2014) Recommendations for the
management of septic arthritis after ACL reconstruction. Knee
Surg Sports Traumatol Arthrosc 22(9):2136-2144

Weber WP, Marti WR, Zwahlen M, Misteli H, Rosenthal R, Reck
S et al (2008) The timing of surgical antimicrobial prophylaxis.
Ann Surg 247(6):918-926

Weiser MC, Moucha CS (2015) The current state of screening
and decolonization for the prevention of Staphylococcus aureus
surgical site infection after total hip and knee arthroplasty. ] Bone
Joint Surg Am 97(17):1449-1458

Williams RJ, Laurencin CT, Warren RF, Speciale AC, Brause
BD, O’Brien S (1997) Septic arthritis after arthroscopic anterior
cruciate ligament reconstruction. Diagnosis and management. Am
J Sports Med 25(2):261-267

Yazdi H, Yousof Gomrokchi A, Nazarian A, Lechtig A, Hanna
P, Ghorbanhoseini M (2019) The effect of gentamycin in the irri-
gating solution to prevent joint infection after anterior cruciate
ligament (ACL) reconstruction. Arch Bone Joint Surg 7(1):67-74
Zimmerli W, Trampuz A, Ochsner PE (2004) Prosthetic-joint
infections. N Engl J Med 351(16):1645-1654

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.jinf.2023.03.021
https://doi.org/10.1016/j.jinf.2023.03.021

	ESSKA and EBJIS recommendations for the management of infections after anterior cruciate ligament reconstruction (ACL-R): prevention, surgical treatment and rehabilitation
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Prevention
	Diagnosis
	Surgical treatment
	Rehabilitation
	References




