vol. 5 e no. 6

SPORTS HEALTH

[ Orthopaedic Surgery 1

Infections in Anterior Cruciate
Ligament Reconstruction

Charlton Stucken, MD,f David N. Garras, MD,t Julie L. Shaner, MD,f and Steven B. Cohen, MD**

Context: Anterior cruciate ligament (ACL) reconstruction is a safe, common, and effective method of restoring stability to
the knee after injury, but evolving techniques of reconstruction carry inherent risk. Infection after ACL reconstruction, while
rare, carries a high morbidity, potentially resulting in a poor clinical outcome.

Evidence Acquisition: Data were obtained from previously published peer-reviewed literature through a search of the
entire PubMed database (up to December 2012) as well as from textbook chapters.

Results: Treatment with culture-specific antibiotics and debridement with graft retention is recommended as initial treat-
ment, but with persistent infection, consideration should be given to graft removal. Graft type likely has no effect on infec-

tion rates.

Conclusion: The early diagnosis of infection and appropriate treatment are necessary to avoid the complications of articu-

lar cartilage damage and arthrofibrosis.
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nterior cruciate ligament (ACL) rupture is the most

frequent ligamentous injury of the knee.* It is frequently

injured in young athletes performing cutting and pivoting
sports and predisposes the knee to subsequent injuries, as
well as the potential for earlier onset of osteoarthritis.**
Arthroscopic ACL reconstruction is a common and effective
method of restoring stability to the knee after injury, with more
than 400,000 ACL reconstructions performed annually in the
United States,'1819.230313535.365060 [ ike any surgical procedure, a
number of potential complications have been recognized that
may affect functional outcome > 3453 Specifically, infection after
ACL reconstruction can be a devastating complication. Overall,
infection rates are low (0.14%-1.7%) after ACL reconstruction.*
Despite the theoretical risk of disease transmission and higher
graft failure in irradiated grafts, the use of allograft tissue
continues to gain popularity for a number of reasons.

ALLOGRAFT VERSUS AUTOGRAFT:
INCIDENCE OF SEPSIS

Allograft tissue has become an acceptable graft choice for ACL
reconstruction, raising considerable questions regarding the risk
of viral and bacterial transmission from contaminated tissue.
Although the risk is low (0.14%-1.7%), these confirmed cases
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represent a major medical and surgical challenge. To date,
there have been 3 reported cases of viral disease transmission
from bone-patellar tendon-bone allografts used to reconstruct
the ACL. One case of HIV was reported in 1995, and 2 cases
of hepatitis C have been reported.”?"75% The American
Association of Tissue Banks (AATB) recommends routine
serologic screening for HIV, human T-cell leukemia virus,
hepatitis B, hepatitis C, aerobic and anaerobic bacteria, and
syphilis. Overall, the risk of HIV transmission with connective
tissue allografts is estimated to be 1 in 1.6 million.!*!?%

The Centers for Disease Control and Prevention (CDC)
reported 26 cases of bacterial infections associated with
musculoskeletal tissue allografts after the death of a recipient of
an allograft (femoral condyle) contaminated with Clostridium.”
Thirteen cases were infected with Clostridium, and 14 were
associated with a single tissue processor. All were processed
aseptically, but none underwent terminal sterilization. The CDC
also described 2 cases of septic arthritis following allograft ACL
reconstructions from a common donor at a Texas-based tissue
bank and 2 from a common donor at a Florida-based tissue
bank.'*” Completed sterilization techniques were confirmed
from the Texas-based tissue bank, but sterilization procedures
were mistakenly not performed on the tissue from the Florida-
based tissue bank. Tissue bank regulation has increased
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Table 1. Infection rate by graft type

Autograft infections/ Allograft infections/
Study (year) Total (%) Total (%)
Barker et al (2010)° 12 of 177 (0.44%) 6 of 1349 (0.68%)
Indelli et al (2002)* 4 of 1400 (0.29%) 2 0f 2100 (0.10%)
Greenberg et al (2010)% 0 of 221 (0%) 0 of 640 (0%)
Garras et al (2012)* 2 0f 253 (0.79%) 4 of 535 (0.74%)
Katz et al (2008)* 2 0f 170 (1.2%) 4 of 628 (0.63%)

Wang et al (2009) 20 of 3978 (0.50%)

10f 90 (1.11%)

Crawford et al (2005)*' 0 of 41 (0%)

11 of 290 (3.8%)

Total 40 of 7840 (0.51%)

28 of 5632 (0.49%) Overall: 68 of 13,472

(0.50%)

dramatically since these transmissions were documented.
As of May 2005, all tissue banks in the United States are
required to conform to the FDA’s “Good Tissue Practice”
guidelines, which permit inspection of tissue bank facilities
and specify minimum standards for tissue recovery, testing,
and processing.”’

Septic arthritis remains a rare but devastating complication
following ACL reconstruction; reports show an incidence of
0.14% to 1.70%.13334555 Reports evaluating the difference
in the rates of postoperative infection with allografts versus
autografts are limited, and the current literature provides
conflicting data (Table 1). Some papers have suggested no
difference in infection rates between allograft and autograft.
Barker et al reviewed 3126 ACL reconstructions with 1777
autografts and 1349 allografts and found infection rates
of 0.44% in allografts and 0.68% in autografts.’ Although
their infection rates were lower, Indelli et al also found no
significant difference between allograft and autograft* or in
3500 arthroscopic ACL reconstructions (0.29% [1400] for bone-
tendon-bone [BTBJ autograft and 0.1% [2100] for allograft).
Greenberg et al examined 861 patients and found no infections
in either group.? In 788 ACL reconstructions (535 allograft
and 253 autograft), infection rates of 0.74% (4 patients) and
0.79% (2 patients), respectively, were reported.”

Conversely, several studies have reported differences in the
rates of infection associated with graft type. Katz et al showed
an increased rate of infection among autografts (1.2%) versus
allografts (0.63%), but it was not statistically significant.”
Explanation for this trend toward a higher infection rate in
the autograft population included longer surgical time, more
invasive tissue dissection, and longer preparation of the
graft. Furthermore, the same type of “tube-within-a-tube”
tissue harvester suspected by Tuman et al as a source of
contamination when not disassembled during sterilization was

used during their study.® Meanwhile, data reported by both
Wang et al®® and Crawford et al*' suggested a higher rate of
infection in allograft tissue (1.11% vs 0.5%% and 3.8% vs 0%2).
Both of these studies have flaws. In the study by Wang et al,
the 1 infection in 90 allograft reconstructions skewed their
results when compared with 20 infections in 3978 autografts.
Crawford reported 11 infections in 290 allografts (3.8%),

in which none of the allografts underwent sterilization
procedures, and 0 infections in 41 autografts.”! These 7 studies
combined represent the largest series comparing infection rates
in allografts with autografts (Table 1). These data include over
13,000 reconstructions, with infection rates for autograft and
allografts of 0.51% and 0.49%, respectively (Table 1).

Although it has been hypothesized that allograft
contamination has the potential for disease transmission, the
link between contaminated grafts and clinical infections has
been called into question. Guelich et al evaluated the utility of
culturing allografts, demonstrating a positive bacterial culture
rate of 9.7% (24 of 247 allografts).” These patients did not
receive antibiotics in addition to the routine use of preoperative
prophylactic antibiotics, and none developed septic arthritis
or wound complications. Likewise, Diaz-de-Rada et al had 24
positive cultures from 181 allograft implantations analyzed; no
patients showed clinical infection during follow-up.** Hence,
culture-positive evidence of allograft contamination did not
correlate with infectious complications.*

AUTOGRAFT: BONE-PATELLA TENDON-
BONE VERSUS HAMSTRING INCIDENCE
OF SEPSIS

Some reports suggest an increased rate of infection with
hamstring tendon autograft as compared with BTB autograft.
Barker et al noted 18 cases of septic arthritis after ACL
reconstruction out of a total population of 3126 patients.
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There was a statistically significant increased risk of infection
with hamstring tendon autograft (1.44%) compared with BTB
autograft (0.49%). Other studies have demonstrated a trend
toward increased risk with hamstrings but none that have
achieved statistical significance.**%% In one of the largest
reports, Wang et al reviewed 21 cases of infection from a
population of 4068 patients with ACL reconstruction.” The
majority of reconstructions were performed using autografts,
and 20 (0.57%) infections occurred among 3536 patients
reconstructed with hamstrings; no infections occurred among
442 BTB autografts. Judd et al found similar results in a review
of 217 BTB autografts and 192 hamstring autografts, where all
11 intra-articular infections occurred in the hamstring group.?®

DIAGNOSIS OF INFECTION

Prompt diagnosis and treatment of a septic joint is necessary
for infection control and to achieve the best long-term clinical
outcomes. Postoperative infections are classified as either acute
(<2 weeks), subacute (2 weeks to 2 months), or late (>2 months).”
Most patients have acute or subacute presentation of
symptoms>*1333438.39:85,54566467 The most consistent findings
include increased pain, inflammation, and moderate effusion,
whereas fevers, chills, erythema, and drainage are not
consistently present.**>% Typical postoperative pain usually
lasts for only 1 to 2 days, and pain lasting longer than this
should be suggestive of septic arthritis; there is a high degree
of patient variability, with infected patients generally having
more pain than expected.” The diagnosis of septic arthritis

can be difficult to make in the early postoperative period as
knee swelling, inflammation, and stiffness may be interpreted
as normal, making laboratory data crucial to establishing

the diagnosis. Laboratory values including erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) are
recommended to confirm diagnosis, since they have high
negative predictive values.33#54646 Wang et al used ESR, CRP,
and fibrinogen (FIB) levels more than 50 mm/h, 6 mg/mL, and
800 mg/mL, respectively, for septic arthritis.®® CRP may be a
more accurate predictor of postoperative complications than
ESR, as both can be elevated postoperatively, but CRP rises and
falls more rapidly than ESR levels.”* A sustained elevation of
CRP beyond 2 weeks or new rise should prompt investigation
to rule out infection.” Complete CRP level normalization is
generally seen after 2 to 12 weeks.*

Synovial fluid aspirate is still the best diagnostic test for
infection.” Progressively higher synovial white blood cell counts
are seen with septic arthritis; polymorphonuclear cells greater
than 90% are highly predictive* Findings on imaging can include
joint effusion, synovitis, bone erosions, edema of adjacent soft
tissues and bone marrow, sinus tracts, and soft tissue abscesses.”

RISK FACTORS FOR INFECTION

Several risk factors common for infection following ACL
reconstruction include intra-articular corticosteroid injection,
systemic corticosteroids, immunocompromised state, prior

or concomitant procedures on the same knee, and history of
previous knee infection."**¥% More recent literature suggests
other possible risk factors, including graft type, operative time,
tourniquet time, foreign body load, and drains.3#13:44455351566567
Individual reports have implicated methods of sterilization

of instrumentation and hardware used for graft fixation 3%
Wang et al noted that flash sterilization of instrumentation was
correlated with high rates of infection.” Tuman et al suggested
that failure to disassemble a “tube-within-a-tube” hamstring
harvester may lead to unsatisfactory sterilization, providing a
potential source for contamination.”” Judd et al found a higher
incidence of infection (11 of 193 [5.6%] in hamstring vs 0 of 217
in patellar tendon) associated with post/washer/braided suture
construct in hamstring autograft fixation.®® This may be related
to soft tissue injury during hamstring harvesting combined
with relatively subcutaneous positioning of the metallic
construct.*® Eight of 11 patients had concomitant extra-articular
wound infection at this site, with cultures positive for the same
causative organism.*

Many different microorganisms have been cultured from
synovial fluid of septic arthritis, but the most common
pathogen is Staphylococcus aureus.®* Causative bacteria also
include coagulase-negative Staphylococcuus,133438:39:45,545662.65-67
Propionibacter acnes,>**¥ Peptostreptococcus, ¥
Enterobacter**% Enterococcus,*** Pseudomonas
aeruginosa,” Escherichia coli Klebsiella,” and Methicillin-
resistant Staphylococcus aureus (MRSA)>*% More unusual
organisms have also been identified in case reports, including
Mycobacterium fortuitum,* Mycobacterium tuberculosis,”
Staphylococcus lugdenesis,® Erysipelothrixrbusio pathiae,
fungal species Rhizopus Microsporus,*® and Candida
albicans.*® Establishing the causative organism in an intra-
articular infection is crucial to predicting prognosis and
commencing appropriate treatment. MRSA is a virulent
organism that typically presents acutely and entails greater
need for lavage and graft removal.# Given that the majority
of infections present with skin flora and are associated with
concomitant extra-articular sites for infection, inoculation may
occur at the time of surgery or shortly thereafter,”® including
concomitant inside-out meniscus repair.>” In subacute or late
septic knee arthritis, the tibial or femoral sites may be infected
and spread to the knee joint from hematoma collection in the
subcutaneous tissue#33%

TREATMENT OF INFECTION

Suspected joint infection is an emergency situation with 2 main
treatment goals: protecting the articular cartilage and the graft.
In an animal model, more than half the glycosaminoglycan

in cartilage and collagen were lost within 7 days from the
onset of infection”” Prompt intravenous antibiotic therapy to
cover the most common organisms (Staphylococcus aureus
and coagulase-negative Staphylococcus) should be given

as soon as laboratory studies and joint fluid have been
obtained. A third-generation cephalosporin or vancomycin

is recommended **3%554659 When there is strong clinical
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suspicion, antibiotic therapy should be continued even if
synovial fluid cultures are negative 354%

There are several options for treatment of postreconstruction
infection of the knee.” Barrett and Field recommended joint
debridement with graft and hardware removal.® Burks et
al recommend arthroscopic graft removal with 6 weeks of
antibiotics, followed by early reimplantation within 6 weeks of
completing antibiotic treatment.”” Open arthrotomy with removal
of hardware and curettage of tunnels has been recommended.®®
Staging treatment with multiple initial debridements followed
by placement of antibiotic-pregnated polymethylmethacrylate
(PMMA) beads and final reimplantation at 6 to 8 months may
be best* A full course of antibiotic treatment may proceed
with arthroscopic debridement in cases of persistent clinical or
abnormal laboratory findings.” There is an algorithm for the
treatment of infections based on a series of 7 infections in 2500
ACL reconstructions.”

A survey of sports medicine fellowship program directors
regarding a standard of care for infections found 85% use
culture-specific antibiotics and surgical irrigation of the joint
with graft retention as the initial treatment for infected patellar
tendon autografts and 64% for infected allografts.* For cases
resistant to initial treatment, the most common treatment
(39%) favored continuing intravenous antibiotics with repeated
surgical irrigation and graft retention. Thirty-one percent of
respondents recommended a combination of intravenous
antibiotics, hardware removal, and graft removal in resistant
cases. Overall, graft removal was not considered the standard
of care for initial treatment; it was chosen for 6% of autografts
and 33% of allografts.** After graft removal, the earliest time
interval for a revision procedure was 6 to 9 months.*

OUTCOMES AFTER INFECTION

The outcomes of deep infection after ACL reconstruction

are mixed.»®%5% Complications include pain, stiffness,
arthrofibrosis, articular cartilage degeneration, and graft
weakening or failure 2%¥%% While patients can generally
perform pain-free activities in daily living, knee function
following infection is impaired, and results are much less
satisfactory.® A full return to athletic activities was not certain,
and pain followed by arthrofibrosis was the most common
cause of unsatisfactory results.* In 13 knees treated with
antibiotics initially, of which only 2 had positive cultures,

6 patients failed to improve and underwent arthroscopic
irrigation and debridement.”> Of these 13, 4 had pain with stair
climbing, 3 had slight impairment with squatting exercises,
and 3 had anterior knee pain with activities of daily living. In
contrast, clinical outcomes inferior to control subjects without
infection appeared to be secondary to articular cartilage
degeneration.” Four infections with the most significant
functional limitations had severe bicondylar focal articular
surface irregularities noted using magnetic resonance imaging
(MRD) upon final follow-up at a mean of 36 months (range,
28-42 months). These patients averaged 12.25 days of inpatient
hospital stay for these infections.

Recently, a long-term follow-up after infection on 4 of 831
patients that developed septic arthritis postoperatively required
an average of 275 additional procedures for eradication.” At a
mean 179-year follow-up (range, 17.1-18.6 years), each patient
had a decline in SF-36, Lysholm, and IKDC scores and increase
in KT-1000 arthrometer displacement. Radiographic and
MRI studies showed progression of arthritis in all patients as
compared with their 36-month follow-up.

CONCLUSION

Patients should be educated about the signs of infection, and
surgeons should always err on the side of caution to provide
early treatment. Management with antibiotics and debridement
with graft retention is usually the recommended initial treatment.
While infection after reconstruction has significant morbidity,
eradication of infection can usually produce a functional knee
with a much higher likelihood of osteoarthritis.

REFERENCES

1. Armstrong RW, Bolding F. Septic arthritis after arthroscopy: the contributing
roles of intra-articular steroids and environmental factors. Am J Infect
Control. 1994;22:16-18.

2. Armstrong RW, Bolding F, Joseph R. Septic arthritis following arthroscopy:
clinical syndromes and analysis of risk factors. Arthroscopy. 1992;8:213-223.

3. Azar FM, Arthur ST. Complications of anterior cruciate ligament
reconstruction. Tech Knee Surg. 2004;3:238-250.

4. Babcock HM, Carroll C, Matava M, Lecuyer P, Praser V. Surgical site

infections after arthroscopy: outbreak investigation and case control study.

Arthroscopy. 2003;19:172-181.

Barker JU, Drakos MC, Maak TG, Warren RF, Williams RJ III, Allen AA.

Effect of graft selection on the incidence of postoperative infection in

anterior cruciate ligament reconstruction. Am J Sports Med. 2010;38:281-286.

6. Barrett GR, Field LD. Comparison of patella tendon versus patella tendon/
Kennedy ligament augmentation device for anterior cruciate ligament
reconstruction: study of results, morbidity and complications. Arthroscopy.
1993;9:624-632.

7. Berg EE. Tibial bone plug nonunion: a cause of anterior cruciate ligament
reconstructive failure. Arthroscopy. 1992;8:380-384.

8. Beynnon BD, Johnson RJ, Abate JA, Fleming BC, Nichols CE. Treatment of
anterior cruciate ligament injuries, part 2. Am J Sports Med. 2005;33:1751-1767.

9. Binnet MS, Basarir K. Risk and outcome of infection after different
arthroscopic anterior cruciate ligament reconstruction techniques.
Arthroscopy. 2007;23:862-868.

10.  Boyce T, Edwards J, Scarborough N. Allograft bone. The influence of processing
on safety and performance. Orthop Clin North Am. 1999;30:571-581.

11.  Brown CH, Carson EW. Revision anterior cruciate ligament surgery. Clin
Sports Med. 1999;18:109-171.

12, Buck BE, Resnick L, Shah SM, Malinin TI. Human immunodeficiency virus
cultured from bone. Implications for transplantation. Clin Orthop Relat Res.
1990;251:249-253.

13.  Burks R, Friederichs M, Fink B, Luker M, West H, Greis P. Treatment of
postoperative anterior cruciate ligament infections with graft removal and
early reimplantation. Am ] Sports Med. 2003;31:414-418.

14.  Centeno JM, Woolf S, Reid JB, Lubowitz JH. Do anterior cruciate ligament
allograft culture results correlate with clinical infections? Arthroscopy.
2007;23:1100-1103.

15.  Centers for Disease Control and Prevention. Hepatitis C virus transmission
from an antibody-negative organ and tissue donor—United States, 2000-
2002. MMWR Morb Mortal Wkly Rep. 2003;52:273-274, 276.

16.  Centers for Disease Control and Prevention. Septic arthritis following
anterior cruciate ligament reconstruction using tendon allografts—Florida
and Louisiana, 2000. MMWR Morb Mortal Wkly Rep. 2001;50:1081-1083.

17. Centers for Disease Control and Prevention. Update: allograft associated
bacterial infection—United States 2002. MMWR Morb Mortal Wkly Rep.
2002;51:207-210.

w



vol. 5 e no. 6

SPORTS HEALTH

18.

19.
20.

21.

22.

23.

24.

25.

20.

27.

28.

29.

30.

3L

32.

33.

34.

30.

37.

38.

39.

40.

41.

42.

43.

Clancy WG, Nelson DA, Reider B, et al. Anterior cruciate ligament
reconstruction using one-third of the patellar ligament augmented by extra-
articular tendon transfers. / Bone Joint Surg Am. 1982;64:352-359.

Cohen SB, Sekiya JK. Allograft safety in anterior cruciate ligament
reconstruction. Clin Sports Med. 2007;26:597-605.

Conrad EU, Gretch DR, Obermeyer KR, et al. Transmission of the hepatitis-C
virus by tissue transplantation. / Bone Joint Surg. 1995;77A:214-224.
Crawford C, Kainer M, Jernigan D, et al. Investigation of postoperative
allograft-associated infection in patients who underwent musculoskeletal
allograft implantation. Clin Infect Dis. 2005;41:195-200.

Diaz-de-Rada P, Barriga A, Barrosos JL, Garcia-Barrecheguren E, Alfanso
M, Valenti JR. Positive cultures in allograft ACL-reconstruction: what to do?
Knee Surg Sports Traumatol Arthrosc. 2003;11:219-222.

Fong SY, Tan JL. Septic arthritis after arthroscopic anterior cruciate ligament
reconstruction. Ann Acad Med Singapore. 2004;33:228-234.

Garras DN, Shaner J, Lawson K, Cohen SB. Comparison of infection rates
in allograft versus autograft ACL reconstructions. E-poster presented at:
Annual Meeting of the Arthroscopy Association of North America; May 2012;
Orlando, Florida.

Gillquist J, Messner K. Anterior cruciate ligament reconstruction and the
long-term incidence of gonarthrorsis. Sports Med. 1999;27:143-156.
Greenberg DD, Robertson M, Vallurupalli S, White RA, Allen WC. Allograft
compared with autograft infection rates in primary anterior cruciate ligament
reconstruction. J Bone Joint Surg Am. 2010;92:2402-2408.

Guelich DR, Lowe WR, Wilson B. The routine culture of allograft tissue in
anterior cruciate ligament reconstruction. Am J Sports Med. 2007;35:1495-1499.
Harner CD, Giffin JR, Dunteman RC, et al. Evaluation and treatment of
recurrent instability after anterior cruciate ligament reconstruction. Instr
Course Lect. 2001;50:463-474.

Harner CD, Irrgang JJ, Paul J, Dearwater S, Ru FH. Loss of motion after
anterior cruciate ligament reconstruction. Am J Sports Med. 1992;20:499-506.
Harner CD, Olson E, Irrgang JJ, et al. Allograft versus autograft anterior
cruciate ligament reconstruction: 3-to 5-year outcome. Clin Orthop.
1996;324:134-144.

Harner CD, Poehling GG. Double bundle or double trouble? Arthroscopy.
2004;20:1013-1014.

Hirshman HP, Daniel DM, Miysaka K. The fate of unoperated knee ligament
injuries. In: Daniel DM, Akeson W, O’Connor J, eds. Knee Ligaments:
Structure, Function, Injury and Repair. New York: Raven Press; 1990:481-503.
Howe JG, Johnson RJ, Kaplan MJ, et al. Anterior cruciate ligament
reconstruction using quadriceps patellar tendon graft. Part I. Long-term
follow-up. Am J Sports Med. 1991;19:447-457.

Indelli P, Dillingham M, Fanton G, Schurman D. Septic arthritis in
postoperative anterior cruciate ligament reconstruction. Clin Orthop.
2002;398:182-188.

Johnson RJ, Eriksson E, Haggmark T, et al. Five- to ten-year follow-up
evaluation after reconstruction of the anterior cruciate ligament. Clin Orthop.
1984;183:122-140.

Jones KG. Reconstruction of the anterior cruciate ligament using the central
one-third of the patellar ligament. A follow-up report. / Bone Joint Surg Am.
1970;52:1302-1308.

Joyce MJ. Safety and FDA regulations for musculoskeletal allografts:
perspectives of an orthopaedic surgeon. Clin Orthop. 2005;435:22-30.

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

Katz LM, Battaglia TC, Patino P, Reichmann W, Hunter DJ, Richmond JC. A
retrospective comparison of the incidence of bacterial infection following
anterior cruciate ligament reconstruction with autograft versus allograft.
Arthroscopy. 2008;24:1330-1335.

Keays SL, Newcombe PA, Bullock-Saxton JE, Bullock MI, Keays AC. Factors
involved in the development of osteoarthritis following anterior cruciate
ligament surgery. Am J Sports Med. 2010;38:455-463.

Kurokouchi K, Takahashi S, Yamada T, Yamamotot H. Methicillin-resistant
staphylococcus aureus-induced septic arthritis after anterior cruciate
ligament reconstruction. Arthroscopy. 2008;24:615-617.

Margheritini F, Camillieri G, Mancini L, Mariani PP. C-reactive protein and
erythrocyte sedimentation rate changes following arthroscopically assisted
anterior cruciate ligament reconstruction. Knee Surg Sports Traumatol
Arthrosc. 2001;9:343-345.

Marzo JM, Bowen MK, Warren RF, Wickiewicz TL, Altchek DW. Intra-
articular fibrous nodule as a cause of loss of extension following anterior
cruciate ligament reconstruction. Arthroscopy. 1992;8:10-18.

44.

40.

47.

48.

49.

51.

52.

53.

54.

56.

57.

58.

59.

60.
61.

62.

03.

00.

67.

08.

Matawa MJ, Evans TA, Wright RW, Shively RA. Septic arthritis of the knee
following anterior cruciate ligament reconstruction: results of a survey of
sports medicine fellowship directors. Arthroscopy. 1998;14:717-725.
McAllister DR, Parker RD, Cooper AE, Recht MP, Abate J. Outcomes of
postoperative septic arthritis after anterior cruciate ligament reconstruction.
Am ] Sports Med. 1999;27:562-570.

Mei-Dan O, Mann G, Steinbacher G, Ballester §J, Cugat RB, Alvarez PD. Septic
arthritis with Staphylococcus lugdnensis following arthroscopic ACL revision
with BPTB allograft. Knee Surg Sports Traumatol Arthrosc. 2008;16:15-18.
Montgomery SC, Campbell J. Septic arthritis following arthroscopy and intra-
articular steroids. / Bone joint Surg Br. 1989;71:540.

Muscolo DL, Carbo L, Aponte-Tinao LA, Ayerza MA, Makino A. Massive
bone loss from fungal infection after anterior cruciate ligament arthroscopic
reconstruction. Clin Orthop Relat Res. 2009;467:2420-2425.

Nag HL, Neogi DS, Nataraj AR, Ajay KV, Yadav CS, Singh U. Tubercular
infection after arthroscopic anterior cruciate ligament reconstruction. /
Arthrosc Rel Surg. 2009;25:131-136.

Noyes FR, Barber S. The effect of an extra-articular procedure on allograft
reconstruction for chronic rupture of the anterior cruciate ligament. J Bone
Joint Surg Am. 1991;73:882-892.

Oh HL, Chen DB, Seeto BG, MacDessi SJ. Mycobacterium fortium infection
after anterior cruciate ligament reconstruction using a polylactic acid
bioabsorbable screw: case report. Knee 2010;17:176-178.

Papakonstantinou O, Chung C, Chanchairujira K, Resnick D. Complications
of anterior cruciate ligament reconstruction: MR imaging. Eur Radiol.
2003;13:1106-1117,

Pierre PS. Complications of anterior cruciate ligament reconstruction. Sports
Med Arthrosc Rev. 2004;12:185-195.

Schollin-Borg M, Michaelsson K, Rahme H. Presentation, outcome and cause
of septic arthritis after anterior cruciate ligament reconstruction: a case
control study. Arthroscopy. 2003;19:941-947.

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

Schulz AP, Gotze S, Schmidt HGK, Jurgens C, Faschingbauer M. Septic
arthritis of the knee after anterior cruciate ligament surgery: a stage-adapted
treatment regimen. Am J Sports Med. 2007;35:1064-1069.

Shelton WR, Treacy SH, Dukes AD, Bomboy AL. Use of allografts in knee
reconstruction: . Basic science aspects and current status. J Am Acad Orthop
Surg. 1998,0:165-168.

Simonds RJ, Holmberg SD, Hurwitz RL, et al. Transmission of human
immunodeficiency virus type 1 from a seronegative organ and tissue donor.
N Engl ] Med. 1992;326:726-732.

Smith RL, Schurman DJ, Kajiyama BA, Mell M, Gilkerson E. The effect of
antibiotics on the destruction of cartilage in experimental infectious arthritis.
J Bone Joint Surg Am. 1987,69:1063-1068.

Spindler KP, Wright RW. Clinical practice. Anterior cruciate ligament tear. N
Engl ] Med. 2008;359:2135-5142.

Tomford WW. Transmission of disease through transplantation of
musculoskeletal allografts. J Bone Joint Surg Am. 1995;77:1742-1754.

Tuman J, Diduch DR, Baumfeld JA, Rubino 1J, Hart JM. Joint infection
unique to hamstring tendon harvester used during anterior cruciate ligament
reconstruction surgery. Arthroscopy. 2008;24:618-620.

Vallianatos PG, Tilentzogloe AC, Koutsoukou AD. Septic arthritis caused by
Erysipelothrixrhusiopathiae infection after arthroscopically assisted anterior
cruciate ligament reconstruction. Arthroscopy. 2003;19(3):1-4.

Van Tongel A, Stuyck J, Bellemans J, Vandenneucker H. Septic arthritis

after arthroscopic anterior cruciate ligament reconstruction: a retrospective
analysis of incidence management and outcome. Am J Sports Med.
2007;35:1059-1063.

Viola R, Marzano N, Vianello R. An unusual epidemic: staphylococcus-
negative infections involving anterior cruciate ligament reconstruction with
salvage of the graft and function. Arthroscopy. 2000;16:173-177.

Wang C, Ao Y, Wang J, Hu Y, Cui G, Yu J. Septic arthritis after arthroscopic
anterior cruciate ligament reconstruction: a retrospective analysis of
incidence, presentation, treatment, and cause. Arthroscopy. 2009;25:243-249.
Williams RJ I1I, Laurencin CT, Warren RF, Speciale AC, Brause BD, O’'Brien
S. Septic arthritis after arthroscopic anterior cruciate ligament reconstruction.
Diagnosis and management. Am ] Sports Med. 1997;25:261-267.

Zalavras CG, Patzakis MJ, Tibone J, Weisman N, Holtom P. Treatment of
persistent infection after anterior cruciate ligament surgery. Clin Orthop Relat
Res. 2005;439:52-55.

For reprints and permission queries, please visit SAGE's Web site at http://www.sagepub.com/journalsPermissions.nav.

557



