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The local application of a calcium sulfate bone graft substitute  
with antibiotics for the treatment of infection  
after anterior cruciate ligament reconstruction.  
The results of 3 cases and a literature review

Abstract

Introduction. We report the results of revision surgery in recurrent infection after anterior cruciate ligament 
reconstruction (ACLR) consisting of graft canal debridement and the local application of a calcium sulfate 
bone substitute (CSBS) with the addition of gentamicin and vancomycin in graft canal and infected foci. 
Materials and methods. Three patients (3 knees) were operated due to a chronic and unsuccessfully treated 
knee infection after ACLR. Two patients underwent multiple previous revisions (4 and 9, respectively). In all 
cases, the tibial ACL graft canal and adjacent bone foci were debrided. Post debridement defects in the 
femur and tibia and the graft tunnel in the tibia were filled with CSBS with an addition of gentamicin and 
vancomycin. If the absence of the ACL graft was stated, the tibial canal was closed from the joint side with 
a collagen sponge with gentamicin. 
Results. After a follow-up of 20 to 26 months, all patients obtained a complete resolution of inflammation 
and CRP normalization. No side effects related to CSBS were observed. There was no deterioration in the 
knee function and stability compared to the pre-revision status. 
Conclusions. CSBS with the addition of gentamicin and vancomycin applied in the graft canal and 
inflammatory foci in the surrounding cancellous bone proved to be effective and unrelated to complications 
in chronic infection after ACLR. Level of Evidence: IV (case series).

Key words: chronic knee infection, ACL reconstruction, local antibiotics, calcium sulfate bone substitute. 

Streszczenie

Wstęp. Opisujemy wyniki operacji rewizyjnych w nawracającej infekcji po rekonstrukcji więzadła krzyżowego 
przedniego (RWKP) polegających na oczyszczeniu kanałów i aplikacji substytutu kości – siarczanu wapnia z 
dodatkiem gentamycyny oraz wankomycyn wewnątrz kanałów oraz w ognisku zapalnym. 
Materiał i metody. Trzech pacjentów (3 stawy kolanowe) zostało zoperowanych z powodu przewlekłej i 
bezskutecznie leczonej infekcji stawu kolanowego po RWKP. Dwoje Pacjentów przeszło wcześniej wiele 
operacji rewizyjnych (kolejno 4 i 9). We wszystkich przypadkach kanał piszczelowy przeszczepu WKP 
i otaczająca go kość zostały oczyszczone. Pozostała po oczyszczeniu przestrzeń w kości udowej oraz 
piszczelowej zostały wypełnione przy użyciu substytutu kości – siarczanu wapnia z dodatkiem gentamycyny 
oraz wankomycyny. W przypadku stwierdzenia braku przeszczepu WKP kanał piszczelowy został zaślepiony 
od strony stawu przy użyciu gąbki gentamycynowej.
Wyniki. W okresie obserwacji wahającym się od 20 do 26 miesięcy u wszystkich pacjentów osiągnięto 
całkowite ustąpienie objawów infekcji oraz normalizację stężenia CRP. Nie zaobserwowano żadnych 
efektów ubocznych działania siarczanu wapnia. Nie wystąpiło pogorszenie funkcji żadnego ze stawów ani 
pogorszenia stabilności stawu w porównaniu do czasu sprzed operacji rewizyjnej.
Wnioski. Substytut kości – siarczan wapnia z dodatkiem gentamycyny oraz wankomycyny podany do 
kanału po przeszczepie oraz w ognisko zapalne w otaczającej kości gąbczastej okazuje się być efektywnym 
w leczeniu przewlekłej infekcji po RWKP, a jednocześnie jest niezwiązany z powikłaniami. Wartość 
dowodów: IV (seria przypadków).

Słowa kluczowe: przewlekła infekcja kolana, rekonstrukcja więzadła krzyżowego przedniego, antybiotyko-
terapia miejscowa, substytut kości – siarczan wapnia. 
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Introduction

Anterior cruciate ligament reconstruction (ACLR) is a 
widely performed surgery aiming to restore or improve the 
knee joint function. Postoperative infection after ACLR is 
a rare complication, with its frequency estimated at about 

0,5 % (0.14%-1.7%), yet with potentially devastating con-
sequences for the knee and the extremity [1]. This proce-
dure is an intra- and extra-articular operation, therefore 
infection can involve the native joint cavity, graft canals 
and implants fixing the graft in the femur and tibia, which 
can lead to the synovitis and local osteomyelitis of the sur-
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previously 1 to 3 irrigations and debridement that failed 
[5]. The treatment protocol consisted of an arthrotomy, 
complete synovectomy, the removal of implants and graft, 
the curettage of the femoral and tibial tunnels; patients had 
a total of 2-4 procedures. O’Neill et al., published one case 
of proximal tibia osteomyelitis 6 years after ACLR, treated 
successfully with arthrotomy, and the debridement of the 
tibial tunnel without graft removal [6]. Numazaki et al., 
published one case with late infection after ACLR, eventu-
ally diagnosed as osteomyelitis of the proximal tibia, which 
did not heal after the removal of metal implants and was 
healed after the removal of the artificial graft portion and 
non-absorbable suture from the bone tunnel [7]. Schub et 
al., published an observational study of 4 patients with sep-
tic arthritis after ACLR – initially treated with arthroscopic 
lavage, open wound debridement and partial synovectomy. 
In 3 out of 4 cases the ACL graft was left and 3 out of 4 
patients required hardware removal. All cases required, on 
average, 3.75 procedures for infection eradication [8]. 

The Authors assume that in chronic, recurrent infec-
tion after ACLR with the involvement of the proximal tib-
ia or distal femur and failure of arthroscopic lavage and 
screw removal, complete revision surgery is necessary with 
the thorough debridement of all involved compartments 
– joint and bone canals with subsequent local antibiotic 
delivery into the graft canal and infected foci in the bone 
[9]. The basis of this concept is the Silo technique – first 
described for calcaneal osteomyelitis [10]. A potential local 
antibiotic carrier to fill the graft canal are the resorbable col-
lagen gentamicin sponge, antibiotic impregnated PMMA 

rounding bone. The most common causative pathogens are 
Staphylococcus aureus, but other pathogens, like coagu-
lase-negative Staphylococcus, Cutibacterium acnes, Pepto-
streptococcus, Enterobacter, Enterococcus, Pseudomonas 
aeruginosa, Escherichia coli, Klebsiella and Methicillin-re-
sistant Staphylococcus aureus (MRSA), can be cultured. 
Treatment attitudes differ regarding the advancement of 
the joint infection according to Gächter classification [2]. 
Published options include for Gächter grades 1 and 2 infec-
tions: arthroscopic lavage and graft retention; debridement 
with a graft and hardware removal followed by early ACL 
revision reconstruction; even open arthrotomy with the 
removal of hardware and the curettage of tunnels [1,3,4]. 
In Gächter stage 3 – complete arthroscopic or open syn-
ovectomy is recommended, and in grade 4 infections with 
osteolysis – an arthrotomy with open debridement. The 
decision upon graft retention is based on clinical findings: 
salvaging stable graft or removing in the case of insufficient 
graft, tunnel misplacement, or persistent infection. After 
removing the ACL graft, debridement – the curettage of 
the femoral and tibial graft tunnels should be performed 
[1,3,4]. 

The chronic, resistant to initial treatment post-recon-
struction knee infection with the involvement of the prox-
imal tibia or distal femur is a severe complication of the 
ACLR with limited information in literature [5-8]. All re-
ports are case series, mostly retrospective, with case num-
bers ranging from 4 to 24 (Tab. 1). In the retrospective study 
by Zalavras et al., 5 patients were treated for persistent in-
fection after ACLR; 3 of 5 had tunnel osteomyelitis and had 

Table 2. Published case series of therapy of chronic, recurrent infection after ACLR by author and year of paper, number of cases, 
performed therapy, number of procedures, eradication of infection and ACL graft removal or retention. 

A B C D E F
Zalavras, 2005, 
retrospective

5 Arthrotomy, complete synovectomy, removal of any implants, 
graft removal, and curettage of the femoral and tibial tunnels

1-3 irrigation and 
debridement 

5/5 5/5

Schulz, 2007, 
prospective 

24 Grade 1-2: arthroscopic irrigation. 

Grade 3-4: medial and lateral arthrotomy. 

Gentamicin PMMA beads in joint space for 7-10 days, open 
wound therapy

2,2 24/24 17/24

O’Neill, 2013,

Case report

1 debridement of tibial tunnel by arthrotomy 1 1 NO

Petersen, 2014, 
retrospective

13 7 cases grade 1-2: arthroscopic irrigation. 

6 cases grade 3: arthroscopic synovectomy. 

No case Grade 4. 

Local antibiotic in tibial tunnel: collage gentamycin sponge or 
miniseptopal

2,5 in grade 1-2. 

3,4 in grade 3 

13/13 4/13

Numazaki, 2017, case 
report

1 Removal of implants; next debridement, removal of rest of 
suture and part of graft

2 1 No

Schub, 2012, 

retrospective

4 Early infection; arthroscopic lavage with open wound 
debridement and partial synovectomy. 

3 of 4 patients: subsequent hardware removal; in 2 patient’s 
additional arthroscopic procedures to address stiffness and 
arthrofibrosis

3.75 4/4 1/4

Table legend: A: author, year, type of study; B: number of cases; C: therapy; D: number of procedures per patient; E: free of infection after treatment; F: ACL graft 
removal. 
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beads containing gentamicin (miniseptopal), which must 
be removed if a reimplantation of ACL graft is planned. 
We only found 2 papers regarding the use of the collagen 
gentamicin sponge or PMMA beads containing gentami-
cin (miniseptopal) [2,11]. Petersen et al., assessed stage ad-
opted protocol in 13 cases with infection after ACLR [2]. In 
the paper, the authors propose the use of a local antibiotic 
carrier in the tibial tunnel: a collagen gentamicin sponge 
or miniseptopal – after the removal of the ACL graft, but 
from the case description it is not clear if a local carrier was 
used. In the prospective study by Schultz et al., 24 patients 
with infection after ACLR were treated on the basis of the 
infection grade by Gächter [11]. Arthroscopic treatment 
was performed for infection grades 1 and 2 and arthrot-
omy for grades 3 and 4. In all cases after debridement the 
joint space was filled with gentamicin containing PMMA 
beads (Septopal), in grade 1-2 through an arthroscope, 
in grade 3-4 by arthrotomy. The Authors used 60 to 180 
(mean 78) beads containing 7.5 mg of gentamicin-sulfate 
each and left the knee open with only a sterile dressing. 
Usually after 7-10 days PMMA bead chains were removed 
together with another debridement and secondary closure 
followed. Graft salvage was possible in 7 out of 24 cases – 
the decision to conduct graft retention was based on clini-
cal findings. At a follow-up time of 11 to 142 months there 
was no recurrence of joint or bone infection in all cases, 
with a mean of 2.2 operations per case required. Bioac-
tive glass without antibiotics has similar properties. In the 
study by Ferrando and al., antibiotic loaded CSBS showed 
a significantly better influence on infection treatment than 
bioactive glass without antibiotics [12]. 

The concept of local antibiotic application (gentami-
cin and vancomycin) in chronic osteomyelitis delivered 
together with a calcium sulphate bone substitute (CSBS) 
proved to be an effective technique especially in chronic 
localized tibial osteomyelitis [13]. CSBS is widely used as 
an antibiotic delivery system in a variety of infections: in 
diabetic food infection – deposited into bone or soft tis-
sue, in revision surgeries due to breast implant infection, 
infected hernias and even in alveolar cleft correction sur-
gery [14]. To our knowledge CSBS has not yet been used 
as a tibial canal filler in infection after ACLR. The aim of 
this study is the analysis of the results of revision surgery 
consisting of graft canal debridement and the application 
of local antibiotics – gentamicin and vancomycin delivered 
from CSBS, performed due to chronic, recurrent infection 
after ACLR with the involvement of the bone surrounding 
the graft canal.
 

Materials and methods

We present 3 cases (3 knees) – 2 women and one man, aged 
28-66 years, suffering from a chronic, recurrent knee infec-
tion after ACLR. The ACL graft was made from a semiten-

dinosus and gracilis muscle tendon, tibial fixation with a 
titanium interference screw and femoral fixation with an 
endobutton or a suture-anchor. All patients were ineffec-
tively treated in primary surgery centers. Preoperatively all 
knees were assessed by means of physical examination for 
sinus tract, effusion, synovial hypertrophy as well as range 
of motion and stability (Fig. 1A). Implant presence and 
positioning, signs of osteomyelitis and other pathologies 
were assessed on radiographs. Magnetic Resonance (MR) 
showed ACL graft presence, the condition and its healing 
into the bone, the expansion of inflammatory infiltration 
around the implants and in graft canals and the communi-
cation of an extra-articular infection cluster with the joint 
cavity. The systemic inflammatory reaction was assessed 
with the C-reactive protein (CRP) level; causative pathogens 
were identified in cultures from the sinus tract – if present 
and from the joint fluid. In 1 case a bone scan with Indi-
um labeled white blood cells (LeucoScan) was performed. 
In cases No. 2 and No. 3 – preoperatively, the MR revealed 
ACL graft continuity and limited osteomyelitis affecting the 
bone around the screw and anchor (Fig. 1B, Fig. 2A-C). Pa-
tient No. 3 was treated preoperatively with empiric antibiot-
ic therapy. Table 2 presents more detailed material. 

Patient No. 1: a 28 y.o. female had ACLR with a simul-
taneous lateral meniscectomy and one year later revision 
arthroscopy and the resection of cyclop deformity. Infec-
tion was diagnosed 2 years after ACLR. In total, patient 
No. 1 underwent 8 surgeries after primary ACLR i.e.: ar-
throscopic cyclop resection, suprapatellar recess drainage, 
arthroscopic synovectomy, arthrotomy and synovectomy, 
ACL graft remnants resection and secondary ACLR with 
patellar tendon (bone to bone) graft usage, knee drainage, 
arthroscopic synovectomy with ACL graft preservation and 
arthroscopic synovectomy with ACL graft removal. Sum-
marizing – the patient encountered two ACLRs and seven 
revision surgeries. During the last surgery, the pathogens 
identified were E. Coli and E. Faecium sensitive to genta-
micin and vancomycin. Patient No. 2: a 44 y.o. male who 
had ACLR with simultaneous LCL reconstruction. Infec-
tion was diagnosed 6 months after surgery. During the next 
3 years the patient had 4 surgeries: 2 arthroscopic lavages 
and 2 debridement surgeries with interference screw re-
moval from the tibia; moreover, he even had maggot-ther-
apy and bioresonance therapy(sic!). During the last sur-
gery, the pathogens identified were Methicillin Resistant 
Staphylococcus Aureus (MRSA), sensitive to gentamicin 
and vancomycin. Patient No. 3: a 66 y.o. female underwent 
ACLR with partial medial meniscectomy. Infection was di-
agnosed 7 years after ACLR and was treated unsuccessfully 
with empiric systemic antibiotic therapy. The patient had 
revision surgery, but no pathogens were identified pre- or 
intraoperatively. 

Strategy and surgical technique. All surgeries were 
performed with the patient in the supine position with 
tourniquet by one surgeon (I.B). All metallic implants 
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Fig. 2A-C. A-B – Preoperative MR – bone swelling and infiltrate in graft canal in proximal 
tibia; C – bone swelling and infiltrate around suture anchor in distal femur.

Fig. 1A-B. A – Preoperative situation after 4 revisions due infection after ACLR - sinus tract at; B – radiograph showing ACL 
graft canal in proximal tibia.

A B

C

A

B
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were localized under fluoroscopy, and then all implants 
i.e., the interference screw, endobuttons and non-resorb-
able sutures were removed (case No. 2 and No. 3) and the 
meticulous debridement of bone cavities was performed. 
The position of the surgical curette used for the debride-
ment of the ACL graft canal was controlled under fluoros-
copy to assess how deep the canal penetrates within the 
proximal tibia or if it penetrates the joint space. To assess 
the possible connection of the fistula with the knee joint 
cavity, a sterile saline solution was injected into the joint 
and observed if any leak is visible in the bone canal (case  
No. 2). In 2 knees the ACL graft was healed (case No. 2 and  
No. 3), in one case it had been previously removed (case 
No. 1). When the fistula in the ACL canal was communi-
cating with the joint space, open synovectomy with the de-
bridement of the knee joint from the anterior incision with 
a medial parapatellar capsulotomy was performed. Three 
tissue biopsies from the synovium and bone were taken 
for culture - each with separate instruments and for his-
tological examination. In all cases the ACL graft canal was 
debrided: both the tibial and femoral canal in full length in 
case No. 1 (after the removal of the ACL graft), and only 
partially tibial canal in the distal part – in case No. 2 and 
No. 3 – with a healed graft. Inflammatory foci in the can-
cellous bone in the distal femur and in the proximal tibia 
seen in preoperative MR were debrided using a separate 
approach – outside of the articular surface and filled with 
antibiotic beads (Fig. 3A-C). After debridement and lavage 
with a sterile saline solution, 10 cc of calcium sulfate pow-
der (Stimulan, Biocomposite Ltd., UK) were mixed with 
an addition of 240 milligrams gentamicin and 1 g vanco-

Table 2. Demographic data and characteristics of patients treated for failed previous therapy due to infection complicating ACL 
reconstruction with autologous graft. 

Case No 1 Case No 2 Case No 3

Accessory 
procedures Partial LM resection LCL reconstruction Partial MM resection

Graft fixation T/F Interference screw/Endobutton Steel screw/Suture anchor Interference screw/Endobutton

Onset of infection 24 months after ACLR 6 months after ACLR 84 months after ACLR

Previous surgeries In total 8 revision surgeries In total 4 surgeries No previous revision surgeries

Previous antibiotics Multiple systemic ATBcs Ciprofloxacin and RMPC Oral amoxicillin 

IntraOP Bacteriology Enterococcus faecalis MRSA No detection of microorganism

Postoperative ATBcs 6 weeks: TMP/SMX + ampicillin 5 weeks: ciprofloxacin + TMP/SMX 4 weeks Amoxycillin; next 2 weeks 
ciprofloxacin + clindamycin

Postoperative pain Chronic pain – 7/10 NRS No pain Occasionally pain

Postoperative 
activity

Back to sport activity, cycling  
up to 80 km/day.

Back to sport activity, walking  
8-10 km, gymnastics

Back to activity: walking up to 15 km, 
dancing, yoga, bike, cannot kneel

Knee stability: 
preOp/postOP

Objective instability/subjective stability.
No subjective change of stability.

PostOp and preOp: 
no subjective instability; positive 
Lachmann, stable in frontal plane. 

Preop: loose in frontal plane, stable in 
sagittal plane. 
Postop.: no change in stability. 
Subjectively: no worsening of 
stability. 

Knee Fx-Ext - PreOp 
and postOP

Preop. 110-10-0. Postop. 12 months: 
100-10-0; 

Preop: 125-0-0. 
Postop: 12 months 130-0-0; 

Preop.: 95-0-5.
Postop.: 130-0-0; 

Complete bone 
substitute resorption after 10 months after 6 months after 3 months

Table legend: ACL – Anterior Cruciate Ligament; ACLR –Anterior Cruciate Ligament Reconstruction; LCL – Lateral Collateral Ligament: MM – medial meniscus; LL – Lateral 
meniscus; ATBcs – antibiotics; RMPC – rifampicin, TMP/SMX –Trimethoprim / sulfamethoxazole; T/F - Tibia/Femur; Fx-Ext - Flexion-Extension.

Fig. 3A-B. Implantation of CSBS beads with antibiotics into graft canal 
and sealing of entrance to graft canal with solid CSBS block.

A

B
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mycin and then formed to 25 cc of beads. We used mid-
dle size beads (approximately 4,8-millimeter in diameter) 
for filling bone cavities – in the tibia and femur and into 
the ACL graft canal. The entrance to the ACL graft canal 
from the side of the joint space was sealed with a cylin-
drical block formed from a compressed bovine collagen 
sponge 10 × 10 × 0.5 cm containing 130 mg gentamicin 
(Collatamp® G, Serb) to prevent the extrusion of calcium 
sulfate material to the joint cavity. The entrance to the ACL 
graft canal in the tibia was closed from the outside with 
a cylinder formed from calcium sulfate paste mixed with 
the same antibiotics as the beads. After achieving the me-
chanical stability of all calcium sulfate beads, the surgical 
wound was closed. The study was performed following the 
Declaration of Helsinki principles and informed consent 
was obtained from each patient prior to inclusion in the 
study. The study was approved by responsible authorities of 
the Carolina Medical Center in Warsaw. Ethics committee 
approval – not applicable.

Results

The results of revision were assessed on the basis of a phys-
ical examination – knee stability, the presence of inflam-
mation signs, the evolution of the CRP level after surgery 
and the resorption of the bone substitute on radiographs 
(Fig. 4). Follow-up time ranged from 20 to 26 months. All 
patients underwent a complete resolution of inflammation, 
CRP normalization, and have no complications related to 
CSBS like drainage from the wound or extrusion of the an-
tibiotic carrier to the joint cavity or soft tissue – seen mac-
roscopically, or on radiographs. Radiographs after 6 weeks 
showed the partial resorption of CSBS beads in the bone of 
about 50%. On radiographs 3-10 months after revision, the 
complete resorption of CSBS and no change of joint space 
or advancement of preoperative arthrosis were observed. 
After a follow-up time of 20 to 26 months, there was no de-
terioration in knee range motion and stability in the phys-
ical examination – compared to the pre-revision status. 
Knee stability was acceptable for all patients and none of 

the patients was willing to undergo ACL reimplantation. In 
2 cases there was no need to take CSBGS out. However, we 
observed complications in case No. 1 – in our assessment 
unrelated to surgery or CSBS beads themselves. 4 months 
after surgery and complete operative wound healing, pa-
tient No. 1 fell down on the operated leg and unfortunately 
suffered injury to the skin on the antero-medial part of the 
proximal tibia, which resulted in a traumatic wound with-
out exposure of the underlying bone. There was no injury 
to the knee joint itself, no signs of joint effusion or deterio-
ration of knee stability. The patient was able to walk, cycle 
80 km and work as an orthopedic department resident. The 
initially traumatic wound became chronic with the dimen-
sions of 10 × 14 cm and was treated with wet dressings and 
negative pressure wound therapy. 2 skin graft procedures 
were performed with the intention to heal the wound, but 
withuout success. A biopsy performed on the edge of the 
wound revealed neither evident pathology or specific in-
filtration. 28 months after the implantation of Stimulan, 
the remnants of CSBS were removed in another depart-
ment. The culture from the removed tissue from the bone 
canal revealed Methicilin Sensible Staph. Aureus (MSSA) 
sensible to gentamicin and histology revealed abundant 
neutrophilic infiltration, fibrous tissue and bone trabecu-
lae. The wound diminished for a short time but later went 
back to its previous condition with no tendency to heal. 
The patient is now under investigation with a suspicion of 
pyodermia gangrenosum before an attempt to close the 
chronic wound with a pedicled flap from the gastrocne-
mius muscle.

Discussion

Our study regards the most difficult to treat – chronic, re-
lapsing infection, previously treated without success either 
with suppressive antibiotic therapy or multiple revisions 
but without the local application of a bone graft substitute 
with antibiotics – as local antimicrobial therapy and dead 
space management in the graft canal. We focused on two 
aspects of chronic infection complicating ACLR, with the 
involvement of the bone of the proximal tibia or even dis-
tal femur – around the graft tunnel: firstly – the strategy 
of surgical procedure and secondly – the application of 
CSBS as local antibiotic delivery in the place of the bone 
infection, taking care to prevent extrusion of the CSBS to 
the joint cavity. We assessed the effectiveness and safety of 
the local application of CSBS with the addition of gentami-
cin and vancomycin in all potential infected bone foci and 
graft canal in proximal tibia or distal femur – if present 
in the apreoperative MR. We assumed that an antibiotic 
loaded bone substitute is not only local antibiotic delivery, 
but also plays the role of a “dead space management” agent 
after graft canal debridement. We were aware of bone sub-
stitute penetration to the joint cavity, which may lead to 

Fig. 4. Postoperative radiograph – after debridement and implantation 
of CSBS with antibiotics in sites of bone infection in proximal tibia and 
distal femur.
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joint irritation and secondary to joint destruction. We also 
assumed that the revision should maintain knee stability 
existing before surgery and should address all anatomical 
compartments in which infection persisted. 

The purpose of the study was to assess the early results 
of a new surgical technique for treating chronic infection 
complicating ACLR, with the involvement of the bone of 
the proximal tibia or even distal femur – around the graft 
tunnel. A lack of similar reports in literature makes it diffi-
cult to compare our results with other studies. The decision 
to use CSBS in our infected cases after ACLR was based 
on the assumption that what is crucial for bone infection 
treatment is the achievement of a high local concentra-
tion of antibiotics – against most common pathogens. 
Absorbable CSBS seemed to be better than nonabsorbable 
antibiotic loaded PMMA due to obvious advantages i.e., 
no need of removal. The application of CSBS is related to 
possible local and systemic side effects. Wound drainage 
is probably the most common local side effect, estimated 
between 3.2-51%, but it should not be associated with in-
fection treatment failure. Pellet size is not connected with 
its occurrence [15]. It is hard to directly add heterotopic 
ossification formation to calcium sulfate side effects for not 
much is completely known about the etiology of its origin, 
possibly when it is left in skeletal muscles it may act as an 
ossification center [16]. 

In our 3 cases we only used small amounts of CSBS and 
have not observed wound leakage or heterotopic ossifica-
tion. One of the most catastrophic side effects of CSBS use 
in the graft canal can be its extrusion into the joint cavity 
and the mechanical as well as chemical irritation of sy-
novium and the destruction of the joint cartilage. We used 
our technique of sealing the tunnel of the ACL graft af-
ter debridement – from the side of the joint cavity using a 
“pressed” collagen sponge with gentamicin applied during 
arthrotomy into the entrance of the tunnel from the joint 
cavity side. The same technique – the application of a solid 
CSBS block – was used on the opposite side of the graft 
canal in order to prevent leakage of CSBS beads into soft 
tissue and wound space. We did not note any extrusion 
of the antibiotic carrier to the joint cavity or soft tissue – 
neither macroscopically nor on radiographs. We did not 
monitor the calcium blood level among our patients due 
to the small amount of CSBS used – not exceeding 5-10cc. 
Also, neither heterotopic ossification nor systemic toxic ef-
fects related to gentamicin and vancomycin were observed. 
Together with CSBS, local doses of 240 mg gentamicin and 
1000 mg – per 10 cc of CSBS powder were applied. In our 
cases, we were able to achieve infection control with only 
one surgery using absorbable CSBS with antibiotics, with-
out the deposition of any solid material into joint space 
and without the obvious need of antibiotic carrier remov-
al. In mentioned studies by Petersen and Schulz with the 
application of a collagen gentamicin sponge or gentamicin 
containing PMMA beads, 2,2 to 3,4 procedures per patient 

were necessary for infection control [2,11]. The removal of 
CSBS performed 28 months after its implantation in the 
graft tunnel in case No. 1 in our assessment is neither relat-
ed to the surgery nor the application of CSBS beads them-
selves. The removal of CSBS does not improve the healing 
of chronic wounds suspected for pyodermia gangrenosum. 

The limitation of our study is the small number of pa-
tients and relatively short follow-up (20 to 26 months). 
Our study showed that the careful preoperative assess-
ment of location of potential infection after ACLRs using 
radiographs, MRs and even bone scans with Indium la-
beled white blood cells is useful to adequately address the 
involved compartment and avoid suboptimal surgical de-
bridement around the infected knee – both the joint cavity 
if infected, the proximal tibia and distal femur – using local 
antibiotic delivery similar to the Silo technique in calcaneal 
osteomyelitis.

Conclusion

The calcium sulfate bone substitute with an addition of 
gentamicin and vancomycin applied according to the tech-
nique described above – in the graft canal and inflamma-
tory foci in the surrounding cancellous bone proved to be 
effective in the therapy of chronic infection complicating 
ACLR. Our study showed that this is a relatively safe pro-
cedure and unrelated to wound leakage or the extrusion of 
beads to the joint cavity.
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