
introduction

Arthroscopic surgery is a standard and successful method of 
anterior cruciate ligament (ACL) reconstruction. Infection does 
not commonly occur after an arthroscopic surgery. Septic arthri-
tis after ACL reconstruction is also a rare complication, with a 
reported incidence of 0.14%–1.70%1). However, immediate treat-
ment of the infection after surgery is important to avoid compli-
cations such as damage to the cartilage and arthrofibrosis2).

We encountered 7 cases of infection after ACL reconstruction 
using hamstring autografts during a short period of 17 months. 
The aim of this study was to analyze the causes of infection, and 

share our treatment strategy.

Materials and Methods

We performed a retrospective review of 7 patients who were 
treated for infection after ACL reconstruction at our institution 
during the short period from January 2008 to May 2009. The 
first patient underwent surgery in January 2008, and the seventh 
patient in May 2009. We performed ACL reconstruction in 98 
patients during this period, and 7 cases (7.1%; 6 males and 1 fe-
male; mean age, 27.9 years; age range, 16 to 44 years) of infection 
occurred. The surgery was performed by a single surgeon in all 
patients and no patient was diabetic, immunodepressed or taking 
steroids. 

Hamstring tendon autografts were used for all patients. The 
femoral fixation methods for the graft were the PINN-ACL 
CrossPin (Linvatec, Largo, FL, USA) system with a bioabsorbable 
screw (BioComposite Interference Screw; Arthrex, Naples, FL, 
USA) in 5 cases, the CL-EndoButton (Smith & Nephew, Ando-
ver, MA, USA) in 1 case, and both PINN-ACL CrossPin with 
a bioabsorbable screw and CL-EndoButton in 1 case of double 
bundle reconstruction (Fig. 1). Tibial fixation was performed 
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by tying sutures around a metallic screw post with an additional 
bioabsorbable screw in all cases (Table 1). The suction drainage 
was removed on postoperative day 1. Preventive intravenous an-
tibiotics (1st generation cephalosporin) were administered from 
shortly before ACL reconstruction to postoperative day 2. The 
patients were discharged on postoperative days 3–4 with a follow-
up appointment in the outpatient clinic in postoperative week 2.

We investigated the expiration date of the absorbable fixation 

screw, the order of surgery, previous knee surgery, infectious 
pathogen, treatment of infection, and results of treatment. Post-
operative evaluation was performed for the erythrocyte sedimen-
tation rate (ESR) and C-reactive protein (CRP) level twice a week, 
as well as the range of motion, Tegner activity score, International 
Knee Documentation Committee (IKDC) subjective score, and 
Lysholm score. 

A

B

C

Fig. 1. An 18-year-old male patient had a 
twisting injury during a kicking activity. (A) 
Magnetic resonance imaging showed a tear 
of the anterior cruciate ligament (ACL) sub-
stances. (B) Arthroscopic examination also 
revealed a tear of the ACL substances. (C) 
Double bundle ACL reconstruction using a 
quadrupled semitendinosus tendon and a 
doubled gracilis tendon was performed.
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results

The patients experienced swelling and pain in the knee 7–30 
days after surgery in 6 cases and 89 days after surgery in 1 case. 
Five cases had deep joint infection with intraarticular pus, where-
as 2 had a tibial side tunnel infection, defined as superficial infec-
tion. At the time of diagnosis, the mean white blood cell count 
was 8,536/µL (range, 4,420 to 12,030/µL) and the mean ESR and 
CRP level were 48.4 mm/h (range, 15 to 85 mm/h) and 9.6 mg/
dL (range, 0.26 to 14.51 mg/dL), respectively.

The shelf-life of the fixation implants ranged from 2 to 3 years, 
and there was no problem with the expiration date of the fixation 
implants or the absorbable fixation screw. The order of surgery 
was the last (4th of 4 surgeries) in 3 cases and the second to the 
last (3rd of 4 surgeries or 2nd of 3 surgeries) in 4 cases on the day 
of surgery. One patient had undergone an open articular reduc-
tion with screw fixation for a fracture of the lateral tibial condyle 
8 months before ACL reconstruction, and ACL reconstruction 
was performed with concomitant removal of the fixation screw 
(Table 2).

In the 5 cases of deep joint infection, methicillin-resistant coag-

ulase-negative Staphylococcus (MRCNS) was isolated in 3 cases, 
methicillin-resistant Staphylococcus aureus (MRSA) was isolated 
in 1 case, and both MRCNS and S. epidermidis were isolated in 1 
case. In the 2 cases of superficial infection, Enterococcus faecalis 
was isolated in 1 case and no pathogen was isolated in 1 case.

The treatment after infection included aggressive arthroscopic 
debridement within 1 week after symptom development in 5 
cases of deep joint infection. The treatment included arthroscop-
ic lavage and debridement with retention of the graft in 4 cases 
and revision ACL reconstruction with graft removal in 1 case of 
persistent infection with MRSA refractory to arthroscopic de-
bridement and intravenous antibiotics (Fig. 2). The 2 cases of su-
perficial infection were treated with removal of the bioabsorbable 
screw for tibial graft fixation while retaining the post-tie screw 
and washer, and open debridement of the tibial infection site. 
Repeat debridement was performed in case of remnant infection. 
Intravenous first generation cephalosporin was started on admis-
sion and was changed to another antibiotic according to the anti-
biotic sensitivity of the isolated pathogens. The mean duration of 
administration of intravenous antibiotics was 29.4 days (range, 19 
to 45 days).

Table 1. Characteristics of the Patients Who Developed Infection after Anterior Cruciate Ligament (ACL) Reconstruction

Patients Age (yr) Sex Graft Bundle Femoral fixation Tibial fixation

1 44 Male Autologous HT Single PINN-ACL CrossPin+BS PT+BS 

2 18 Male Autologous HT Double PINN-ACL CrossPin+BS, EndoButton PT+BS 

3 40 Male Autologous HT Single PINN-ACL CrossPin+BS PT+BS 

4 34 Male Autologous HT Single PINN-ACL CrossPin+BS PT+BS 

5 19 Male Autologous HT Single PINN-ACL CrossPin+BS PT+BS 

6 24 Female Autologous HT Single PINN-ACL CrossPin+BS PT+BS 

7 16 Male Autologous HT Single EndoButton PT+BS 

HT: hamstring tendon, BS: bioabsorbable screw, PT: post-tie.

Table 2. Characteristics and Findings in 7 Cases of Infection after Anterior Cruciate Ligament Reconstruction

Patients Infection type

Time to 
presentation 
(days after 
operation)

Time to 
surgery 

(days after 
symptom)

WBC  
(103/µL)

ESR  
(mm/h)

CRP  
(mg/dL)

Order of 
surgery

Previous  
knee surgery

1 Deep joint infection 15 6 9.52 66 21.4 4/4 Yes

2 Deep joint infection 7 7 7.04 72 19.1 4/4 No

3 Deep joint infection 10 5 8.46 28 6.7 2/3 No

4 Deep joint infection 30 1 7.79 85 14.5 3/4 No

5 Superficial infection 10 7 12.03 28 4.0 3/4 No

6 Deep joint infection 11 2 10.49 45 0.9 3/4 No

7 Superficial infection 89 1 4.42 15 0.3 4/4 No

WBC: peripheral white blood cell count, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein.
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In all cases, the results were satisfactory at a mean of 24.9 
months (range, 12 to 50 months) of follow-up. The symptoms of 
infection disappeared and the ESR and CRP levels normalized 

in 4 weeks. At the final follow-up, the mean range of motion of 
the knee was 129.3o (range, 120o to 140o) and the mean Tegner 
activity score was 6.29 (range, 5 to 7). The mean IKDC subjec-

Table 3. Treatment of Infection and Results

Patients Organism
Definitive
antibiotics

Intravenous 
antibiotics 

duration (day)

Operative 
treatment

No. of 
procedures 
for infection

F/U 
period 
(mo)

ROM (o)
Tegner 
activity 
score

IKDC 
score

Lysholm 
score

1 MRCNS Teicoplanin, 
ciprofloxacin

20 AD 1 12 125 6 88.5 93

2 MRSA Vancomycin, 
ciprofloxacin

26 AD & graft 
removal+ACL 
revision 
reconstruction 

2 26 130 6 88.5 94

3 MRCNS Vancomycin, 
cefazolin

45 AD 1 12 120 7 90.8 95

4 MRCNS Teicoplanin, 
ciprofloxacin

19 AD 1 12 135 5 79.3 88

5 EF Ampicillin, 
sulbactam

28 OD 3 36 135 7 96.6 96

6 MRCNS+SE Vancomycin, 
ciprofloxacin

38 AD 1 26 130 7 87.4 90

7 No growth Cefazolin 30 OD 2 50 130 6 88.5 90

Average 29.4 24.9 129.3 6.3 88.5 92.3

F/U: follow-up, ROM: range of motion, IKDC: International Knee Documentation Committee, MRCNS: methicillin-resistant coagulase-negative 
Staphylococcus, AD: arthroscopic debridement, MRSA: methicillin-resistant Staphylococcus aureus, ACL: anterior cruciate ligament, EF: Enterococcus 
faecalis, OD: open debridement, SE: Staphylococcus epidermidis.

A B

Fig. 2. Seven days after anterior cruciate ligament (ACL) reconstruction, the patient had knee pain with fever and chills. Seven days after symptom 
development, the patient visited the outpatient clinic and arthroscopic debridement was performed. However, methicillin-resistant Staphylococcus au-
reus infection persisted despite treatment. (A) Therefore, 29 days after the ACL reconstruction, arthroscopic debridement was performed again with 
removal of the graft and hardware. (B) After infection control, revision ACL reconstruction with bone-patellar tendon-bone allograft was performed. 
At the 26-month follow-up, the patient recovered nearly all activity and motion, and instability was not evaluated. 
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tive score and Lysholm score were 88.51 (range, 87.4 to 96.6) and 
92.29 (range, 88 to 96), respectively (Table 3). No patient had 
recurrence of infection after treatment. 

discussion

In this study, good clinical results were obtained after treatment 
of the 7 cases (7.1%) of infection that occurred within 17 months 
after ACL reconstruction at our institution. In cases of deep joint 
infection, arthroscopic debridement yielded good results, except 
in 1 case that was infected with MRSA and had to undergo revi-
sion ACL reconstruction. However, we could not verify the exact 
cause of the high incidence of infection that occurred during this 
short period.

Some authors have reported their clinical experiences with 
septic arthritis of the knee after ACL reconstruction. Van Ton-
gel et al.1) reported postoperative septic arthritis occurred in 9 
(0.51%) of 1,736 patients during a period of 10 years. They ob-
tained good results by performing urgent extensive arthroscopic 
debridement with antibiotic therapy and repeat debridement if 
there was no response. Judd et al.3) reported there were 11 cases 
(2.6%) of infection within 3 years after 418 cases of ACL recon-
struction, and these were associated with previous knee surgery. 
They reported that timely initiation of treatment including joint 
lavage, debridement, and antibiotics was essential for successful 
treatment. Schollin-Borg et al.4) noted postoperative septic ar-
thritis in 10 (1.7%) out of 575 patients who had undergone ACL 
reconstruction during a period of 4 years. They reported clinical 
results in these patients were inferior to those in patients with 
uncomplicated reconstruction, and observed that surgical instru-
ments might be a source of contamination even after sterilization 
procedures. 

There are multiple factors that could cause infection after ar-
throscopic ACL reconstruction: previous knee surgery, contami-
nation during preparation of the graft, incomplete sterilization of 
surgical instruments, implant for graft fixation, and environmen-
tal contamination of surgical equipment or hospital material3-6).

Previous knee surgery or additional procedures during ACL 
reconstruction could be risk factors for infection because of in-
creased operative time, additional incisions, or increased foreign 
body load2,3,7). In our study, 1 patient with deep infection had 
undergone an open articular reduction with screw fixation for a 
fracture of the lateral tibial condyle before ACL reconstruction. 
In addition, ACL reconstruction was performed with concomi-
tant removal of the fixation screw, which required an additional 
3 minutes. In this patient, previous screw fixation surgery could 

have been the cause of infection due to an additional incision and 
foreign body. 

Judd et al.3) reported that hamstring grafts were associated with 
a higher incidence of infection. Soft tissue injuries involved in 
harvesting the tendons and creating a tibial tunnel and the use of 
an additional metallic post, washer, and braided sutures in sub-
cutaneous position could be the causes of wound complications. 
Hantes et al.8) and Gavriilidis et al.9) reported a 10% infection rate 
associated with intraoperative graft contamination, especially in 
the autologous hamstring tendon. Based on these reports, the 
hamstring tendon used in all cases in our study could have been 
the source of infection.

Tuman et al.10) reported that inappropriate sterilization of a 
fully assembled complex tendon-harvesting instrument could 
be a cause of postoperative infection. In our study, the tendon-
harvesting instrument was a single tube tendon striper, which 
was not constructed with a complex geometry.

Fixation methods used for the grafts could also be the cause of 
infection. So, we checked the expiration date of the fixation im-
plant on the label retrospectively. However, there was no problem 
with the expiration date of the fixation implant or absorbable 
fixation screw.

The order of surgery could be associated with the cause of in-
fection. In this study, all ACL reconstructions were the last or sec-
ond to the last at the end of the day. Therefore, the instruments 
for arthroscopic surgery were sterilized in the interval between 
surgeries performed on the day due to the lack of instruments 
for several arthroscopies. Instruments sterilized by soaking in a 
2% glutaraldehyde solution (Cidex; Johnson and Johnson Medi-
cal Inc., Arlington, TX, USA) during the interval of the surgery 
might increase the risk of infection compared to newly sterilized 
instruments. This could have been the cause of infection, but this 
was not proven in this study. 

The scrub nurse who usually supervised instrument steriliza-
tion was changed during the 17-month period. Sterilization of all 
the instruments, including the arthroscope and the cannulated 
reamer, was previously performed and supervised by this nurse. 
We were aware that this could cause infection after ACL recon-
struction; therefore, reeducation and training regarding steriliza-
tion of instruments were imparted to the new scrub nurse and 
other support staff.

Different treatment options are associated with graft retention. 
Indications for graft removal after infection in ACL reconstruc-
tion include unstable grafts necessitating clinical examination or 
arthroscopic evaluation and grafts impregnated with tenacious 
and thick exudation that cannot be removed without damaging 
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the graft and delaying treatment after the onset of symptoms1,11,12). 
In our study, only 1 case underwent revision ACL reconstruction 
after graft removal and infection control for persistent infection 
refractory to treatment. The other cases of infection were treated 
with arthroscopic lavage and graft retention.

Treatment of infection can be accomplished by arthroscopic and 
open surgical wound irrigation and debridement and 4–6 weeks 
of antibiotic therapy2). In our study, 5 cases of septic arthritis were 
treated using arthroscopic irrigation and 2 cases of superficial 
tibial infection were treated using open surgical wound irrigation, 
combined with intravenous antibiotics for about 4 weeks (aver-
age, 29.4 days). Aggressive surgical debridement combined with 
proper antibiotics according to the isolated pathogen is thought 
to be the key for effective treatment. 

The possible causes of infection after ACL reconstruction in our 
institution include the employment of a new scrub nurse who 
supervises instrument sterilization, contamination during prepa-
ration of hamstring grafts, and sterilization through soaking in a 
Cidex solution during the interval between surgeries. Therefore, 
we have taken every measure to prevent infection after ACL 
reconstruction: 1) the use of simple graft fixation instruments 
(CL-EndoButton) rather than complex instruments (PINN-ACL 
CrossPin); 2) thorough surgical draping; 3) drain insertion at the 
donor site; 4) the use of new, sterilized stockinette wrapping from 
the toe to minimize incision at the hamstring tendon harvest site 
before graft tensioning; 5) arranging the order of surgery to be 
the first arthroscopic operation for securing sufficient time for 
instrument cleaning; and 6) training of staff regarding instrument 
cleaning, especially the cannulated reamer. After implementation 
of these preventive measures, we have not encountered an infec-
tion in the 350 cases of ACL reconstruction performed at our 
institution during a period of 6 years. 

The limitations of this study include the small number of pa-
tients, retrospective study design, and lack of a control group. 
Future studies should include a larger number of patients and a 
control group for comparison.

conclusions

We could not verify the exact cause of the high incidence of 
infection that occurred after ACL reconstruction during a short 
period. However, we believe that efforts to prevent infection is 
important to decrease the incidence after ACL reconstruction. 
Furthermore, satisfactory clinical results can be achieved by ap-
propriate and aggressive treatment of early infection after ACL 
reconstruction.
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