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Abstract
Purpose Septic arthritis is a rare complication after cruciate
ligament surgery. The lack of conclusive evidence makes it
difficult to obtain a consensus concerning the best treatment
option.
Methods From June 1993 to May 2010, 31 patients met the
inclusion criteria for this prospective case series. The
average age at ACL injury was 33.5 years. Treatment
protocol was based on the grade of infection. Options
included arthroscopic treatment for infections of Gaechter
grades 1 and 2 or arthrotomy for infections of grades 3 and
4. Graft retention was decided based on the clinical find-
ings. The setting was a specialized trauma hospital.
Follow-up included International Knee Documentation
Committee (IKDC) forms, Tegner score, and Lysholm
scores at a mean of six years (71 months; range, 13–140)
after treatment.
Results In all cases, treatment of infection was successful;
overall, a mean of 2.6 operations were required. In eight
cases, it was possible to salvage the graft. The Tegner
activity level before the knee injury was 6.5 points. At
follow-up, the average score was 4.5 points. The postop-
erative subjective IKDC score averaged 63. The mean
Lysholm score was 63.9. On clinical examination, a mean
extension deficit of 2.5° and a mean maximum flexion of
121° were found. In the single-legged hop test, a mean
capacity of 68% compared with the uninjured side was
measured.

Conclusion The stage-adapted procedure gives reliable re-
sults for septic arthritis after ACL surgery. There were no
recurrences of septic arthritis or bone infection. Early in-
fection can be managed arthroscopically with satisfactory
results. More advanced infections should be addressed
with a more radical approach. In conclusion, functional
outcome in most of the presented cases was only fair
compared with results from ACL surgery not complicated
by infection.
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Introduction

Septic arthritis is a rare complication after cruciate liga-
ment surgery with reported prevalence ranging from 0.14
to 1.7 % [1]. In a recent subgroup analysis of professional
athletes the prevalence of this complication increased to
5.7 % [2]. If diagnosis and treatment are delayed, there is
a risk of articular cartilage damage, graft failure and a
long-term risk of joint dysfunction from ligamentous lax-
ity, postinfectious arthritis and arthrofibrosis [3]. Gener-
ally, treatment options for septic arthritis after cruciate
ligament surgery include long-term intravenous antibi-
otics, arthroscopic or open treatment, constant irrigation,
and graft retention or graft removal with or without
reimplantation [4]. Because of the small number of re-
ported cases it is difficult to determine risk factors, the
success of different treatment options and treatment
results.

The lack of conclusive evidence makes it difficult to get a
consensus relative to the best practices in the management of
septic knee arthritis of the knee. Furthermore, the only out-
come measured is the healing of the infection that leaves the
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functional outcome of the joint unobserved in some studies
[5].

The purpose of the present study was to determine the mid-
and long-term clinical outcome after septic arthritis of the
knee following ACL surgery. Data evaluation was prospective
from the time of referral to the bone and joint infection unit. A
standardized treatment protocol was used that is based on the
grade of infection found. Options included transarthroscopic
treatment or medial and lateral arthrotomy. Graft retention was
decided based on clinical findings. The setting is the depart-
ment of orthopaedics and traumatology of a specialized trau-
ma hospital that acts as a tertiary referral centre.

Material and methods

Patients

Included in this study were consecutive patients referred to the
orthopaedic infection unit with septic arthritis of the knee after
ACL surgery from June 1993 toMay 2005. Four patients were
initially treated in our hospital (which would result in a 0.72%
knee joint infection rate after ACL reconstruction in this
period). A further 27 patients were initially treated in 20 other
hospitals. Excluded were three patients who had septic arthri-
tis before that was unrelated to ACL injury. Thirty-one pa-
tients met the inclusion criteria for this study.

Methods

The standard diagnostic schemes included history and clinical
examination, laboratory tests including full blood count and
C-reactive protein (CRP) and radiographs. Average white
blood count (WBC) on presentation was 9000 (range 3,300–
18,000; normal range 3,000–9,000). Average CRP was 6.2
(range 0.5–18.2; normal range 0–0.7). Magnetic resonance
imaging (MRI) or a three-phase bone scan was added when
it was thought necessary. This was mostly the case in
suspected chronic or late infections or to establish the extent
of an infection, including which structures were involved and
the extent of possible cartilage damage.

A diagnostic arthroscopy was initially performed except
when a joint infection stage 3 or 4 according to Gaechter had
been confirmed before. During the arthroscopy the surgeon
confirmed the diagnosis and determined the stage of septic
arthritis. For the staging, a classification system was used that
initially was proposed by Gaechter [6]. As prior published, in
stage 1 there is beginning synovitis with isolated hyperemia of
the synovia, the effusion is still translucent, and small pete-
chial bleedings can be found in places [4]. In stage 2, the
infection enters the pyogenic phase. There is a marked syno-
vitis with fibrin depositions, pus can be found and the effusion
is opaque. There is no cartilage damage and no visible

changes on radiographs. In stage 3 the synovia is markedly
thickened. It is transformed to a sponge-like structure up to
2 cm thick. Fibrous villae form and compartments are found
that were caused by fibrous tissue reactions. There is begin-
ning cartilage damage but no visible radiologic changes to the
bony structures. Stage 4 we term synovial malignancy be-
cause the synovial “grows” over the cartilaginous structures
and destroys them; it also undermines the cartilage and there
are radiologic signs of subchondral bone involvement like
erosions and subchondral cysts. Intra-operatively the cartilage
can be peeled off the bone in places. The following treatment
scheme was based on the stage of infection according to
Gaechter [6]. After intra-operative staging a standardized
treatment regimen was followed. As part of the index proce-
dure, intra-articular application of antibiotic beads as a com-
plementary treatment option to intravenous or oral antibiotic
therapy was done in all cases. The use of antibiotic beads
offers the major advantage of high, local antibiotic levels with
negligible to no systemic antibiotic serum concentrations [7].
The limitation is that antibiotic beads are non-biodegradable
and therefore must be removed. In patients with stage 1 to 2
septic arthritis the treatment was performed as an arthroscopic
procedure. It included debridement and washout of the joint
with 10 to 15 l. A partial synovectomy as extensive as possible
via arthroscopy followed; we used an anteromedial and an-
terolateral portal in all cases and partially an additional supero-
medial or -lateral access. We did not use a posteromedial
approach and therefore some synovial remained. This was
followed by intraarticular deposition of gentamicin-
containing polymethylmethacrylate (PMMA) beads (mini-
beads with a diameter of 3 mm, each containing 1.7 mg
gentamicin; Septopal, Biomet BioMaterials, Darmstadt, Ger-
many); between 20 and 60 beads (mini) were used in this
study (mean, 31). At the time of second-look-surgery, three to
seven days after the index procedure, the beads were removed
arthroscopically.

In patients with a more severe infection (stage 3 or 4) the
diagnostic arthroscopy was finished and followed by medial
and lateral parapatellar arthrotomy. Debridement and near
total synovectomy were performed through the arthrotomy.
The joint was filled with 60–180 (mean; 82 beads) beads
(maxi-beads with a diameter of 7 mm, each containing
4.5 mg gentamicin; Septopal, Biomet BioMaterials, Darm-
stadt, Germany). The wounds were left open with only a
sterile dressing applied and a period of open wound treatment
followed. Open joint treatment consisted of daily physiother-
apy and generous dressings. During the phase of open joint
treatment daily physiotherapy in water was performed. This
was done in a special bath tube on the ward [4]. After a period
of usually seven to ten days removal of the chains and another
debridement and secondary wound closure followed. In both
procedures (open and arthroscopic), the number of beads was
counted at the time of implantation and again at the time of
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removal, so that no beads were left in situ. None of our
patients suffered from loose body symptoms at the time of
follow-up.

In the early postoperative period, all patients received
antibiotics (five to eight days) delivered intravenously only
on the day of surgery; from then on, they were orally admin-
istered. Antibiotics were prescribed according to the
resitogram or the patients received ampicillin/sulbactam
(Unacid, Pfizer Pharma, Karlsruhe, Germany).

The ACL graft was salvaged if possible without risk. If the
graft was removed (Fig. 1a), all hardware was removed at the
same procedure (Fig. 1b). After graft removal, the tunnels
were debrided. Reasons for graft removal were as follows:
autodigestion of the graft, bony involvement of the tibia,
femur or graft block and a nonfunctional graft.

In all patients specimens of different tissue layers were
collected for histological and bacterial analysis and routinely
incubated for 14 days as described previously [8].

The follow-up period was on average 71 months (range
13–140). The follow up included a clinical examination in-
cluding all tests of the International Knee Documentation
Committee (IKDC) form [9], Tegner score [10], Lysholm
score [10] and the single leg hop test [11]. A radiological
examination was included if the patient consented.

Data sampling of this study was prospective from the time
of admission; all previous data were entered retrospectively at
this point. Prior to the follow-up examination, the data were

extracted to a database. Data from the follow-up were added.
The descriptive statistics were performed with SPSS (version
16.0, SPSS Inc, Chicago, USA). The significance level was
set at p<0.05.

Results

The mean age of the patients at the time of ACL surgery was
34.7 years (range 17–49). The interval between knee injury
and ACL surgery was on average 1.8 years (range zero to 12).

The ACL rupture was located close to the femoral (n=7) or
tibial (n=3) insertion site and most often in the middle third of
the tendon (n=21).

The average age at trauma was 33.5 years (range 14–49)
and at the time of ACL surgery 34.7 years (range 17–49). The
left leg was injured in 15 (48 %) and the right leg in 16 (52 %)
cases. While a bone-patellar-bone transplant was used in 14
subjects, a hamstring transplant was less often utilized (n=9).
The details of the used methods are given in Table 1.

Fifteen patients (48.4 %) in our series had knee surgery on
the same knee before ACL reconstruction. In nine patients this
surgery was for meniscal tears; in four patients it was a
diagnostic procedure with resection of a ruptured ACL and
in two patients no reliable information was available. Of these
15 patients, three had an arthrotomy and six had more than
one operation in the past (maximum, 3).

Concomitant injury required surgery at the time of ACL
reconstruction in 19 patients (58 %) in this study. Most fre-
quently this was an injury to the medial meniscus (n=14) or
collateral ligament (n=3).

After ACL surgery, but before referral to our centre, 22
patients (71 %) had further surgery to address infection or
other complications (one to nine operations, mean of 2.42 pro-
cedures). In all cases the first intervention was transarthroscopic;
while in eight (26 %) cases only a transarthroscopic lavage
was performed, an additional synovectomy was done in 23
(74 %) cases. In eight (26 %) cases the initial arthroscopy was
followed by constant irrigation. Seven (22.6 %) patients were
treated by unilateral arthrotomy (all lateral) in a second

Fig. 1 a, b Functional outcome of septic arthritis after anterior cruciate
ligament surgery

Table 1 Surgical methods used in the reported cases to address ACL-
lesions

Method Frequency Percent

B-PT-B 14 45.2

Hamstrings 9 29.0

Refixation + augmentation with Vicryl©-Band 7 22.6

Trevira©-Band 1 3.2

Total 31 100
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procedure; one of those had open joint treatment. All other
patients were managed solely by arthroscopy.

The first surgical intervention in our department took place
at a mean of 78 days (range three to 243). At the time of the
index procedure, microbiological testing showed S. aureus to
be the most common microbiological agent (n=16). The de-
tails of the microbiological examination are given in Table 2.

In ten patients (32 %) the infection was staged as 2, and
therefore an arthroscopic treatment followed. In 18 patients
(58%) a stage 3 infection was found, and in three cases (10%)
a stage 4 infection was found. In these 21 patients (grade 3 and
4 infection) a medial and lateral arthrotomy and open joint
treatment were performed. In seven patients in whom an
arthrotomy had been performed before, we directly proceeded
to an arthrotomy for staging and treatment. In all cases,
treatment of infection was successful.

Overall, a mean of 2.6 operations were required (range two
to five) in our department to treat infection. In two patients an
initial arthroscopic treatment was converted to open joint
treatment at a second-look procedure because of remaining
infection. In two cases of open joint treatment a remaining
infection was found at the second-look procedure necessitat-
ing a repeat debridement and insertion of gentamicin-PMMA
beads.

In eight patients (26 %) it was possible to salvage the graft.
In 12 cases (39 %) the ACL-graft had to be removed. In the
remaining patients the graft already had been autodigested. In
two patients a second graft was implanted at six and
eight months. One patient required a total knee arthroplasty
five years after our treatment for osteoarthritis with gross
instability.

The Tegner activity level before the knee injury was deter-
mined at 6.5 points. At follow-up, the average score was 4.5
points. The IKDC subjective module at follow-up revealed an
average score of 63 (range 31–92). The mean Lysholm score
was 63.9 (range 25–91), with two patients scoring very good,
eight patients good, four patients fair and 17 patients poor with
<70 points.

On clinical examination a mean extension deficit of 2.5°
(range 0–15) and a mean maximum flexion of 121° (range
60–140) were found. In the single-legged hop test, a mean
capacity of 68 % (range 0–100 %) of the non-injured leg was
measured.

The results of the IKDC forms are detailed in Tables 3 and
4. There was no correlation between the clinical and radio-
graphic results (Spearman correlation). A comparison of the
score results of the clinical evaluation showed a mean period
of nine days between primary ACL surgery and our revision
for patients with an IKDC clinical score “A”. Patients with a
“B” and “C” result had a mean period of 55.5 and 48.8 days,
respectively. In the patients with a “D” score, this period was a
mean of 183 days.

Regarding the difference between patients with or without
a remaining ACL graft, there appeared to be no gross differ-
ence in the subjective results; the largest difference was de-
tectable in the Tegner activity score. Behind the background
of the clinical results, there appeared to be a better result if
there was still a functional ACL graft (Table 4).

Grading according to Gaechter did not have a significant
impact on the results of the Lysholm score (Gaechter 1 and 2:
65.3 [range 32–91]; Gaechter 3 and 4: 62.9 [range 25–83])
and IKDC form (Gaechter 1 and 2: 64.8 [range 45–96];
Gaechter 3 and 4: 63.5 [range 40–79]). Values of the Tegner
score were higher in subjects with grades 1 and 2 (4.8 [range
2–6]) according to Gaechter compared with their counterparts
with grades 3 and 4 (3.6 [range 1–5]).

The clinical course was complicated in two cases by a deep
venous thrombosis that was treated according to the present
guidelines [12].

Discussion

Knee joint empyema is predominantly caused by surgical
interventions and untreated it can lead to rapid destruction of
the joint [13].

Recently, Sonnery-Cottet et al. reported a 0.37 % preva-
lence of knee joint infection following ACL reconstruction in
the general population [2]. In a subgroup of professional
athletes the prevalence of this complication raised to 5.7 %
in this series.

As 23 % of these athletes had a combined lateral tenodesis
at the time of ACL reconstruction, the authors concluded that
concomitant surgery at the time of ACL reconstructionmay be
a risk factor for development of infection [5]. Our data are in
accordance with the literature that in most of the cases studied
concomitant surgery was performed at the time of ACL re-
construction and may have triggered septic arthritis. A short-
coming of the present study is that we could not evaluate the
rates of previous or additional surgery in patients who did not
develop an infection. Because patients were initially operated
in 20 different hospitals, it was impossible to explore all the
relevant data. As all of the infections could be controlled,
concomitant surgery did not have an impact on the infection
control rate in our series.

Table 2 Results of microbiological agents found

Organism Number of occurrences

Staphylococcus aureus 16

Staphylococcus epidermidis 6

Cultures negative 6

Streptococci 2

S. warneri 1
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Regarding further predisposing factors for joint infection,
previous knee surgery and the graft choice in ACL reconstruc-
tion have been discussed [3]. In our series, most of the ACL
reconstructions had been done with a BTB (bone-patella-
bone) graft. Previous studies have reported a higher incidence
of infections in hamstring tendon autografts compared with
other grafts [1]. Specifically, one study showed that despite the
nearly equal use of hamstring and patellar tendon autografts,
all the infections in their cohort occurred in patients with
hamstring tendon autografts [14]. Another study in a cohort
of 3,126 patients pinpointed to a 3.3 times higher incidence of
infections when hamstring tendons were used compared to
patellar tendon autografts or allografts [15]. Why hamstring
tendon grafts have an increased risk of infection is unclear. For
an infection to occur, there must be both bacterial contamina-
tion and an environment conducive to bacterial growth [1].
Hantes et al. evaluated the bacterial contamination of auto-
grafts at the time of implantation and found that 13 % of
hamstring tendon autografts had a positive bacterial culture
as did 10 % of patellar tendon autografts [16]. In a cohort of
221 autografts and 640 allografts no increased risk of infection
with allograft tissue was detected [17].

With reference to the option of either leaving the graft in
situ or replacing it at a later stage, no clear conclusions can be
drawn from this study. There was no detectable difference in
the subjective score and by knowing this, one might choose
the safer option in cases where there is doubt that the bone
block or the drilling canals are infected [4]. On the other hand,
the clinical results were clearly better in patients with an
existing graft, which is in accordance with the literature [18].
In a retrospective case review of eight patients treated with

graft removal, favourable results were seen in cases who had a
reimplantation at a later stage [18]. In case of revision ACL
surgery the graft choice does not affect the outcome of the
procedure [19]. In a recent study, successful results have been
reported following infection eradication in both graft retention
and early revision ACL reconstruction scenarios [20].

As for many other infectious processes, early detection can
often alter the natural course of the disease and ultimately
improve long-term outcomes for patients [21]. There might be
clinical signs highly suggestive of infection, but diagnosis can
be a difficult task, particularly in the case of late and/or chronic
infections [22]. In this series, no significant increase of the
inflammatory laboratory markers was observed. Laboratory
markers such as C-reactive protein, erythrocyte sedimentation
rate, and white blood count are sensitive markers of inflam-
mation and plausible infection, but they are unable to localize
the exact site of infection and they are associated with low
specificity [23].

With regard to the infecting microorganism, our results are
in accordance with the literature. Staphylococcus aureus and
coagulase negative Staphylococcus were the most common
bacteria found in septic arthritis after cruciate ligament surgery
[15, 20]. We used the standard analyses for detecting micro-
organisms—gram staining (for microscopic investigation) and
culturing of tissue biopsy specimens obtained during surgical
revision [24]. Many molecular tools for bacterial DNA detec-
tion from clinical samples have been developed. One of the
most significant contributions thus far has been amplification-
based techniques (PCR), since some studies have confirmed
its excellent sensitivity and specificity [21]. Behind this back-
ground we recently added molecular analysis in the diagnostic

Table 3 IKDC score results of clinical and radiological evaluation (IKDC, International Knee Documentation Committee)

IKDC results Clinical evaluation (n/group) Radiological evaluation (n/group)

Normal/nearly normal 11 10

Abnormal/severely abnormal 20 19

Two patients did not want radiographs at follow-up

Table 4 Outcome of patients
with and without an ACL graft at
follow-up (IKDC, International
Knee Documentation Committee)

Subjective Remaining graft / regraft (n=10) No remaining graft (n=21)

Tegner score 4.6 3.5

Subjective IKDC 64.6 63.1

Lysholm score 66.8 62.2

Clinical

Hop test 49.5 60.8

Clinical IKDC

% normal/near normal

46.1 28.3

Radiological IKDC

% normal/near normal

53.7 15.3
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procedure in septic arthritis, but the results are too premature
for broad generalization [25].

Both of the surgical concepts described displayed high
infection control rates with preservation of a functional knee
in most cases. Functional outcome of joint empyemas should
be discussed on the basis of the most precise local and general
staging. For this reason, we used the Gaechter classification
system as it is one of the most widely used scoring systems in
this field [8]. The first priority in septic surgery is infection
control that was achieved in all cases studied. However,
patients tend to judge the outcome of an operation on pain
relief and functional outcome. Clinical tests of functional
outcome of this special patient population should take this
conflict into account. Behind this background we present the
results of different functional outcome scores in this study.
The Lysholm score in our series of 63.9 was slightly worse
than in other reported series [4, 26]. Although the Tegner
activity level of 4.5 was markedly lower than the preoperative
values (6.5), the results are comparable with the literature [4,
26, 27].

Early infection can be managed arthroscopically and satis-
factory results can be expected. As shown in the present series,
the time between ACL surgery and revision surgery in septic
arthritis is an important factor. If in doubt, an early arthro-
scopic arthroscopy may be helpful. Riel et al. reported suc-
cessful outcomes in one of the first series of septic arthritis
patients after ACL reconstruction treated with arthroscopic
instead of open surgery [28]. It has been suggested that the
choice of whether to treat via arthroscopy or arthrotomy
should be decided by the underlying pathologic abnormalities
[29]. Unsuccessful arthroscopic attempts to treat infection
after ACL surgery have been reported [4]. In advanced or
chronic infection a more radical approach seems favourable,
although we have no comparative results to statistically sup-
port this [30]. Kohn pointed out that the extent of the infection
has to be considered when instituting a method of treatment
[31]. Behind the background of a series of 121 arthroscopic
treatments it is concluded that patients who had a fracture or
ACL graft should be treated via an arthrotomy [31].

The limitations of this study should be acknowledged and
addressed. The first limitation concerns the heterogeneous
patient population, which reflects the situation of patients
with knee joint empyema. However, from another perspec-
tive, these data are representative of the general patient
population. The second limitation concerns the extent to
which the findings can be generalized beyond the cases
studied, and we consider the number of cases to be too
limited for broad generalization. Based on the rarity of the
illness the case number is limited, but it is higher compared
to other studies published in the literature [4, 32]. Prior
published data report short- to midterm results, while the
present study shows long-term results with a mean of
six years.
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