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Allograft Compared with Autograft Infection
Rates in Primary Anterior Cruciate

Ligament Reconstruction
By David D. Greenberg, MD, Michael Robertson, MD, Santaram Vallurupalli, MD,

Richard A. White, MD, and William C. Allen, MD

Investigation performed at the Department of Orthopaedic Surgery, University of Missouri-Columbia, Columbia, Missouri

Background: Injuries to the anterior cruciate ligament are the most common surgically treated knee ligament injury.
There is no consensus regarding the optimal graft choice between allograft and autograft tissue. Postoperative septic
arthritis is an uncommon complication after anterior cruciate ligament reconstruction. The purpose of this study was to
compare infection rates between procedures with use of allograft and autograft tissue in primary anterior cruciate
ligament reconstruction.

Methods: A combined prospective and retrospective multicenter cohort study was performed over a three-year period.
Graft selection was determined by the individual surgeon. Inclusion and exclusion criteria were equivalent for the two
groups (allograft and autograft tissue). Data collected included demographic characteristics, clinical information, and
graft details. Patients were followed for a minimum of 5.5 months postoperatively. Our primary outcome was intra-articular
infection following anterior cruciate ligament reconstruction.

Results: Of the 1298 patients who had anterior cruciate ligament reconstruction during the study period, 861 met the
criteria for inclusion and formed the final study group. Two hundred and twenty-one patients (25.6%) received an autograft,
and 640 (74.3%) received an allograft. There were no cases of septic arthritis in either group. The 95% confidence interval
was 0% to 0.57% for the allograft group and 0% to 1.66% for the autograft group. The rate of superficial infections in the
entire study group was 2.32%. We did not identify a significant difference in the rate of superficial infections between
autograft and allograft reconstruction in our study group.

Conclusions: While the theoretical risk of disease transmission inherent with allograft tissue cannot be eliminated, we
found no increased clinical risk of infection with the use of allograft tissue compared with autologous tissue for primary
anterior cruciate ligament reconstruction.

Level of Evidence: Therapeutic Level II. See Instructions to Authors for a complete description of levels of evidence.

A
nterior cruciate ligament injuries are the most common
surgically treated knee ligament injury. With an estimated
250,000 new anterior cruciate ligament ruptures occur-

ring in the United States each year1,2, more than 100,000 anterior
cruciate ligament reconstructions are performed annually 3-6.
While the optimal graft choice remains controversial, the use of
allograft tissue for anterior cruciate ligament reconstruction

has increased steadily over the past decade7,8. In 2002, approxi-
mately one million musculoskeletal allografts were distributed in
the United States compared with 350,000 in 19907,8, and the use
of allografts has since continued to rise. Allograft options for
anterior cruciate ligament reconstruction include bone-patellar
tendon-bone, Achilles tendon, anterior tibial tendon, posterior
tibial tendon, hamstring tendon, and fascia lata grafts.

A commentary by Martin Boublik, MD, is
available at www.jbjs.org/commentary and as
supplemental material to the online version of
this article.
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There are well-documented advantages and disadvantages
to each graft type. The autogenous bone-patellar tendon-bone
graft is considered the gold standard for anterior cruciate liga-
ment reconstruction9-14, with no risk of disease transmission or
immunogenic response. Conversely, the use of allograft tissue
allows for decreased donor-site morbidity, larger and predictable
graft sizes, decreased operative time, decreased postoperative
pain and stiffness, improved cosmesis, and earlier rehabilitation.
These advantages must be weighed against the risk of disease
transmission, slower graft incorporation, availability, local bone
resorption, potential immunologic response, and cost15-18.

Despite the differences between allograft and autograft
tissues, the use of both is supported in the literature. Most clinical
studies comparing the two show little difference in long-term
outcomes9,10,19-24.

Postoperative septic arthritis is an uncommon compli-
cation after anterior cruciate ligament reconstruction, with a
reported prevalence of between 0.14% and 1.70%25-33. Bacterial
infection of musculoskeletal allograft tissue occurs even less
frequently 34. We are aware of only one study specifically ad-
dressing the influence of graft selection with regard to septic
arthritis as a postoperative complication after anterior cruciate
ligament reconstruction32.

The potential for disease transmission and infection with
allograft tissue makes selection of this graft type a concern for
some clinicians. The purpose of this study was to compare
infection rates between procedures with use of allograft and
autograft tissue in primary anterior cruciate ligament recon-
struction. Our hypothesis was that there would be no difference
in infection rates between the two tissue types.

Materials and Methods

After institutional review board approval, a combined ret-
rospective and prospective multicenter cohort study was

performed. Six centers were included in the study. Each sur-
geon in the study used allograft tissue from the same tissue
bank (Musculoskeletal Transplant Foundation, Edison, New
Jersey). This requirement was instituted in order to eliminate
tissue bank variability. Musculoskeletal Transplant Foundation
tissue is processed with use of aseptic processing methods de-
signed so that the natural function of the graft is not altered
during processing. The disinfection of tissue is accomplished
through an extended antibiotic solution soak-agitation vali-
dated process, followed by a thorough, controlled purified
water rinse. In order to maintain tissue integrity, terminal
sterilization agents such as high dose (>2.5-Mrad [>25 kGy])
gamma irradiation or ethylene oxide are not used in the pro-
cess. Approximately 65% of all recovered unprocessed tissue is
exposed to a low dose (12 to 18 kGy) of gamma irradiation in a
frozen state prior to aseptic processing. The Musculoskeletal
Transplant Foundation utilizes this low-dose irradiation pre-
treatment step to decontaminate tissue prior to aseptic pro-
cessing. All tissue processing and packaging is performed under
aseptic conditions35,36.

Patients were followed prospectively at four of the centers
from January 1, 2005, through January 1, 2008. Additionally,

two centers performed retrospective chart reviews on patients
covering the same time interval. Charts were reviewed to
identify the presentation of injury, operative procedure, type of
graft, and results at the time of the latest follow-up. Operative
variables (antibiotic, tourniquet, and drain usage) and patient
demographics were also recorded.

The choice between allograft and autograft tissue and the
specific graft type was made individually by the surgeon. In-
clusion criteria for this study included otherwise healthy pa-
tients presenting with an anterior cruciate ligament injury
requiring a primary reconstruction. The individual surgeons
determined nonsurgical compared with surgical treatment and
the timing of the operation. Exclusion criteria for this study
included any known risk factors for surgical site infection37,38

(diabetes mellitus, rheumatoid arthritis, immunosuppression,
history of septic arthritis, or radiation to the knee), or risk fac-
tors for Clostridium species infection39,40 (intravenous drug use
or hematologic cancer). Revision anterior cruciate ligament re-
construction and retained hardware in the joint also were ex-
clusion criteria, as they have been identified as risk factors for
postoperative infections and septic arthritis28-30,32,33.

Preoperative antibiotic prophylaxis was used for each
patient undergoing anterior cruciate ligament reconstruction.
All centers had a similar protocol: antibiotics were adminis-
tered thirty to sixty minutes prior to incision. Intravenous
administration of 1 g of cefazolin was used for patients weigh-
ing £80 kg, and 2 g was used for those weighing >80 kg. In-
travenous administration of 600 mg of clindamycin was used for
patients with cephalosporin allergy. The surgical technique in-
cluded standard knee portals for arthroscopic surgery and ad-
ditional incisions, depending on the type of graft (allograft or
autograft). The procedures and techniques were similar to those
described in standard orthopaedic textbooks, and no breaks in
sterile techniques were reported41. Two of the six centers used a
tourniquet as necessary. The maximum tourniquet pressure was
300 mm Hg, and the maximum tourniquet time was 120 min-
utes. No drains were used postoperatively by any surgeon. The
postoperative dressing was changed at the first follow-up visit,
generally within seven days of surgery. The postoperative reha-
bilitation protocol was similar for all centers: weight-bearing and
range-of-motion exercises as tolerated immediately postopera-
tively, with specific anterior cruciate ligament rehabilitation
exercises performed under the guidance of a physical therapist
starting after the first postoperative visit. At the discretion of the
surgeon, patients wore a range-of-motion brace until adequate
quadriceps strength was achieved (typically, four to six weeks).

Patients were followed for a minimum of 5.5 months
postoperatively. Patients unavailable to return for a follow-up
evaluation completed questionnaires by telephone interview or
mail. Infections were classified as superficial or intra-articular
(deep). A superficial infection was one that resolved with simple
wound care and oral medication. A case of intra-articular in-
fection was defined as any culture-proven infection at the site of
implantation occurring within six months of implantation42.
The patients were screened for standard symptoms and signs of
infection43 (fever, increased pain, swelling, erythema, drainage,
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or warmth at the surgical site) during the follow-up. Any
suspicion of infection resulted in a workup for infection, in-
cluding laboratory testing (white blood-cell count, erythrocyte
sedimentation rate, and/or C-reactive protein level), joint as-
piration with cultures, and blood cultures. The workup and
treatment protocols for infection were performed at the dis-
cretion of the attending physician.

Statistical Analysis
Summary statistics were calculated for categorical variables
with use of frequency tables, and descriptive statistics such as
the mean and standard deviation were calculated for numeric
variables. The allograft and autograft groups were compared
with each other relative to certain demographic characteristics.
Chi-square tests for homogeneity of proportions were used
with categorical variables, and two-sample t tests were used for
continuous variables of age, height, weight, body-mass index,
and follow-up time. The rate of septic arthritis in each group
was described by the observed proportion and by a confidence
interval.

Source of Funding
Funding from the Musculoskeletal Transplant Foundation sup-
ported data collection and analysis for this study.

Results

Data from 1298 anterior cruciate ligament reconstructions
were collected prospectively and retrospectively over the

three-year period from January 1, 2005, to January 1, 2008.
Screening according to inclusion and exclusion criteria ex-
cluded eighty-eight patients. An additional 349 patients did not
meet the minimum 5.5-month follow-up, leaving 861 patients
(66.3%) who formed the final study population. The mean
length of follow-up was 11.7 months (range, 5.5 to 53.9
months) for the allograft group and 11.6 months (range, 5.5 to
41 months) for the autograft group. Five and a half months,
rather than six months, is reported because several patients had
follow-up visits one to two weeks prior to their exact six-month
follow-up date. The patients had a mean age (and standard
deviation) of 29.9 ± 10.9 years (range, 12.5 to 61.5 years) and
a mean body-mass index of 27.2 ± 5.4 kg/m2 (range, 15.4 to

48.4 kg/m2). A total of 557 patients (64.7%) were male and 304
were female. There were significant differences in sex, age, and
body-mass index between the autograft and allograft groups.
The autograft group had a higher percentage of male patients, a
younger mean age, and a lower mean body-mass index than the
allograft group (Table I).

Of the 861 patients, 221 (25.6%) received an autograft
and 640 (74.3%) received an allograft. The tissue used in the
patients in the allograft group was from bone-patellar tendon-
bone (39.5%), Achilles tendon (31.1%), anterior tibial tendon
(27.3%), and posterior tibial tendon (0.94%). The tissue used
in the patients in the autograft group was from bone-patellar
tendon-bone (77.4%) and the hamstrings (20.8%). (The graft
type could not be determined for 1.1% of the patients in the
allograft group and for 1.8% in the autograft group.) Half
(49.8%) of the total number of grafts were bone-patellar tendon-
bone (Table II).

There were no cases of septic arthritis in either group.
Although the observed deep infection rates were zero, we cal-
culated 95% confidence interval estimates, which were found
to be 0% to 0.57% for the allograft group and 0% to 1.66% for
the autograft group. The fact that the confidence interval is
somewhat wider for the autograft group simply reflects the fact
that the sample size was smaller (221 compared with 640 pa-
tients). Further, a 95% confidence interval estimate for the
difference in rates between the autograft group and the allograft
group was –0.47% to 1.81%.

The rate of superficial infections in the entire study
population was 2.32% (95% confidence interval, 1.42% to
3.56%). These twenty superficial infections resolved with oral
antibiotics or simple wound care. There was no significant
difference in the rate of superficial infection between the au-
tograft group (three of 221 patients; 1.36% [95% confidence
interval, 0.28% to 3.92%]) and the allograft group (seventeen
of 640 patients; 2.66% [95% confidence interval, 1.55% to
4.22%]). The 95% confidence interval estimate for the differ-
ence in rates between the autograft group and the allograft
group was –3.14% to 1.43%. Graft type analysis revealed no
significant differences in the superficial infection rate between
the different graft types. Superficial infection rates per graft
type were 2.83% (95% confidence interval, 1.47% to 4.89%)

TABLE I Demographics

Allograft (N = 640) Autograft (N = 221)

Sex

Female 238 (37.2%) 66 (29.9%)

Male 402 (62.8%) 155 (70.1%)

Age* (yr) 31.2 ± 11.4 (30.4) 25.4 ± 9.0 (22.3)

Body-mass index* (kg/m2) 27.2 ± 5.4 (26.5) 26.1 ± 5.0 (25.6)

Follow-up time* (mo) 11.7 ± 6.4 (9.7) 11.6 ± 7.3 (8.8)

*The values are given as the mean and the standard deviation, with the median in parentheses.
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for bone-patellar tendon-bone grafts, 2.17% (95% confidence
interval, 0.06% to 11.53%) for hamstrings, 2.01% (95% con-
fidence interval, 0.55% to 5.07%) for Achilles tendon grafts,
and 1.71% (95% confidence interval, 0.35% to 4.93%) for
anterior tibial tendon grafts.

Discussion

Judd et al., in a retrospective review of 1615 anterior cruciate
ligament reconstructions, identified eleven (0.68%) that

had a postoperative intra-articular infection26. When the time
frame of the investigation was narrowed, they found that
eleven (2.6%) of 418 anterior cruciate ligament reconstruc-
tions had an infection. All of the intra-articular infections
were found in reconstructions performed with hamstring au-
tografts; however, only eight allografts were used overall during
the entire study period. A prior anterior cruciate ligament
reconstruction was especially noted to be an important
risk factor. In the current study, we eliminated this variable
by only considering primary anterior cruciate ligament
reconstructions.

In the same study, Judd et al. also performed a literature
review and identified fifty patients who had septic arthritis after
anterior cruciate ligament reconstruction. The average number
of days to presentation was 15.4 (range, two to seventy-nine
days). Two recent additional series presented a total of twenty-
two cases of septic arthritis after anterior cruciate ligament
reconstruction25,44. All patients presented within eight weeks
(mean, seventeen days) after surgery, excluding one very late
presentation at fifteen months.

The study by Indelli et al.32 is the only one we are aware of
prior to ours that investigated graft selection with regard to
infection rates. The study’s purpose was to assess treatment
options and outcomes for septic arthritis following anterior
cruciate ligament reconstruction. Autografts were used in 40%
of the 3500 anterior cruciate ligament reconstructions and al-
lografts were used in 60%. Five (0.14%) of the reconstructions
had a postoperative deep infection, two of which were with
allograft tissue. Primary and revision cases were not differen-
tiated. No difference was found in the postoperative infection
rates in a comparison of allograft and autologous tissues. The

results of our investigation are comparable with those reported
by Indelli et al.

We did not observe any cases of intra-articular infection
in either study group, and thus we did not observe a significant
difference between the two groups in our sample. The 95%
confidence interval was 0% to 0.57% in the allograft group and
0% to 1.66% in the autograft group. On the basis of our sample,
we are 95% confident that the true infection rate among an-
terior cruciate ligament reconstructions is no more than 0.57%
for those performed with allografts and 1.66% for those per-
formed with autografts. Further, since a 95% confidence in-
terval estimate for the difference in rates between the autograft
group and the allograft group is –0.47% to 1.81%, we can be
confident that if there is a difference in rates, it would be no
more than 1.81%.

Despite the absence of postoperative deep infections in
our study with the use of allograft tissue, the potential for
disease transmission and infection remains. Tissue banks
perform standard tissue-recovery procedures that screen for
high-risk donor behavior and test for infections15. Nevertheless,
there have been several cases of viral disease transmission
following reconstruction with allograft tissue: a single case
of human immunodeficiency virus (HIV) transmission in
1985, and two cases of hepatitis C, the most recent of
which was reported in 200245-50. The American Association
of Tissue Banks (AATB) recommends serologic screening for
HIV, human T-cell leukemia virus, hepatitis B, hepatitis C,
aerobic and anaerobic bacteria, and syphilis. The risk for
HIV transmission with connective tissue allografts is esti-
mated to be one in 1.6 million1,51,52. In our current study, there
were no cases of viral transmission through allograft donor
tissue.

After the reported death of a recipient of an allograft
contaminated with Clostridium species53, the Centers for
Disease Control and Prevention (CDC) initiated an investi-
gation into allograft-associated infections. From January
1998 to March 2002, it received twenty-six reports of bac-
terial infections associated with musculoskeletal tissue al-
lografts42,53,54. Thirteen of the patients were infected with
Clostridium species; fourteen were associated with a single

TABLE II Graft Type

Graft Type

Allograft (N = 640) Autograft (N = 221)

Patients Percentage Patients Percentage

Achilles tendon 199 31.1 0 0

Bone-patellar tendon-bone 253 39.5 171 77.4

Hamstring 0 0 46 20.8

Anterior tibial tendon 175 27.3 0 0

Posterior tibial tendon 6 0.94 0 0

Unknown* 7 1.1 4 1.8

*Graft type could not be determined despite review of patients’ medical records.
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tissue processor. All allografts were processed aseptically but
did not undergo terminal sterilization. Additional evidence
implicated the allograft as the source of infection in eleven of
the thirteen cases, likely contaminated hematogenously by
donor bowel flora prior to tissue harvesting. On the basis of
its investigation, the CDC made specific recommendations
to tissue banks to decrease the risk of bacterial contamina-
tion42. All of our allograft tissue came from a single tissue
processor, which processes tissues in accordance with cur-
rent Good Tissue Practices of the U.S. Food and Drug Ad-
ministration55 and AATB standards56 and is an accredited
member of AATB.

Unfortunately, the use of aseptic technique during
donor tissue harvesting does not protect against in situ mi-
croorganisms, and the only definitive mechanism of micro-
organism elimination is sterilization. The adverse effects of
secondary sterilization, including irradiation and chemical
processing, are well outlined in the literature and are not
reviewed in the present study1,7,15,57-61. Culturing of allograft
tissue prior to anterior cruciate ligament reconstruction
has been suggested, but the report by Guelich et al. on 321
consecutive allograft anterior cruciate ligament reconstruc-
tions challenges this recommendation62. Their results call
into question the utility of routinely culturing allograft tis-
sue, as positive results did not correlate with infectious
complications.

The FDA oversees tissue-processing practices, and to-
gether with the CDC and the AATB, provides specific rec-
ommendations for tissue procurement, preparation, and
distribution. The FDA has established Good Tissue Practice
guidelines, and the number of tissue banks accredited by AATB
has doubled since 200162; however, it is estimated that nearly
43% of all tissue banks are neither members of nor adhere to
the standards of the AATB, which may increase the risk of
infection15. A recent review of allograft risks and recalls noted
that as few as 10% of those tissue facilities involved with mus-
culoskeletal allografts were accredited63.

There were several limitations to our investigation.
First, it is limited by the relatively short period of follow-up.
The 5.5-month minimum was established as a reasonable
balance between adequate follow-up and concerns regarding
loss of patients to follow-up, given the transitory nature of
this patient group. Furthermore, to the best of our knowl-
edge, all infections after anterior cruciate ligament recon-
struction that have been documented in the literature have
presented within three months after surgery, with the ex-
ception of one patient25,27,44. Second, our results can only be

applied to a fairly healthy population, as we excluded subjects
who were at higher risk for a surgical site infection. Third, our
current series involved multiple centers with a diversity of
surgical practices, by necessity creating a number of con-
founding variables that cannot be controlled. However, all of
the surgeons in our study obtained their allograft tissue from
the same tissue bank. Last, because the decision on graft
choice was made by the individual surgeon, a certain amount
of selection bias could exist. This selection bias might explain
some of the differences we noted with regard to the demo-
graphic data. However, these differences should be in-
terpreted with caution. Although some of the differences are
significant, due in part to the large sample sizes, they may not
be of clinical importance.

In conclusion, while the theoretical risk of disease
transmission inherent to allograft tissue cannot be elimi-
nated, we found no increased clinical risk of infection with
use of allograft tissue compared with autologous tissue for
primary anterior cruciate ligament reconstruction. The sur-
geon should have thorough knowledge about the tissue bank
he or she uses. Furthermore, we suggest obtaining allograft
tissue from tissue banks that follow the recommendations
set forth by the CDC and the FDA and that are accredited by
the AATB. n
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19. Kustos T, Bálint L, Than P, Bárdos T. Comparative study of autograft or
allograft in primary anterior cruciate ligament reconstruction. Int Orthop. 2004;
28:290-3.

20. Lephart SM, Kocher MS, Harner CD, Fu FH. Quadriceps strength and functional
capacity after anterior cruciate ligament reconstruction. Patellar tendon autograft
versus allograft. Am J Sports Med. 1993;21:738-43.

21. Poehling GG, Curl WW, Lee CA, Ginn TA, Rushing JT, Naughton MJ, Holden
MB, Martin DF, Smith BP. Analysis of outcomes of anterior cruciate ligament
repair with 5-year follow-up: allograft versus autograft. Arthroscopy. 2005;21:
774-85.

22. Saddemi SR, Frogameni AD, Fenton PJ, Hartman J, Hartman W. Comparison of
perioperative morbidity of anterior cruciate ligament autografts versus allografts.
Arthroscopy. 1993;9:519-24.

23. Shelton WR, Papendick L, Dukes AD. Autograft versus allograft anterior cruciate
ligament reconstruction. Arthroscopy. 1997;13:446-9.

24. Shino K, Nakata K, Horibe S, Inoue M, Nakagawa S. Quantitative evaluation
after arthroscopic anterior cruciate ligament reconstruction. Allograft versus auto-
graft. Am J Sports Med. 1993;21:609-16.

25. 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:
1059-63.

26. Judd D, Bottoni C, Kim D, Burke M, Hooker S. Infections following arthroscopic
anterior cruciate ligament reconstruction. Arthroscopy. 2006;22:375-84.

27. Matava MJ, Evans TA, Wright RW, Shively RA. Septic arthritis of the knee fol-
lowing anterior cruciate ligament reconstruction: results of a survey of sports med-
icine fellowship directors. Arthroscopy. 1998;14:717-25.

28. Williams RJ 3rd, Laurencin CT, Warren RF, Speciale AC, Brause BD, O’Brien S.
Septic arthritis after arthroscopic anterior cruciate ligament reconstruction. Diag-
nosis and management. Am J Sports Med. 1997;25:261-7.

29. McAllister DR, Parker RD, Cooper AE, Recht MP, Abate J. Outcomes of post-
operative septic arthritis after anterior cruciate ligament reconstruction. Am J Sports
Med. 1999;27:562-70.

30. Viola R, Marzano N, Vianello R. An unusual epidemic of Staphylococcus-
negative infections involving anterior cruciate ligament reconstruction with sal-
vage of the graft and function. Arthroscopy. 2000;16:173-7.

31. Kohn D. Unsuccessful arthroscopic treatment of pyarthrosis following anterior
cruciate ligament reconstruction. Arthroscopy. 1988;4:287-9.

32. Indelli PF, Dillingham M, Fanton G, Schurman DJ. Septic arthritis in postoper-
ative anterior cruciate ligament reconstruction. Clin Orthop Relat Res. 2002;
398:182-8.

33. Burks RT, Friederichs MG, Fink B, Luker MG, West HS, Greis PE. Treatment of
postoperative anterior cruciate ligament infections with graft removal and early re-
implantation. Am J Sports Med. 2003;31:414-8.

34. Kainer MA, Linden JV, Whaley DN, Holmes HT, Jarvis WR, Jernigan DB, Archibald
LK. Clostridium infections associated with musculoskeletal-tissue allografts. N Engl
J Med. 2004;350:2564-71.

35. Advanced Tissue Processing (ATP): Development of a cleaning process for
allograft bone. Edison, NJ: Musculoskeletal Transplant Foundation; 2009.

36. Mahony D. Microbial reduction study for AST process for soft tissue with 4-hour
minimum antibiotic soak time. Maclean, VA: Musculoskeletal Transplant Founda-
tion; 2009.

37. Armstrong RW, Bolding F. Septic arthritis after arthroscopy: the contributing
roles of intraarticular steroids and environmental factors. Am J Infect Control.
1994;22:16-8.

38. Montgomery SC, Campbell J. Septic arthritis following arthroscopy and intra-
articular steroids. J Bone Joint Surg Br. 1989;71:540.

39. Safdar N, Maki DG. The commonality of risk factors for nosocomial colonization
and infection with antimicrobial-resistant Staphylococcus aureus, enterococcus,
gram-negative bacilli, Clostridium difficile, and Candida. Ann Intern Med. 2002;
136:834-44.

40. Rechner PM, Agger WA, Mruz K, Cogbill TH. Clinical features of clostridial
bacteremia: a review from a rural area. Clin Infect Dis. 2001;33:349-53.

41. DeLee JC, Drez D, Miller MD. Anterior cruciate ligament reconstruction in adults.
In: DeLee JC, Miller DD, editors. DeLee and Drez’s orthopaedic sports medicine:
principles and practice. 2nd ed. Philadelphia: Saunders; 2003. p 2012-83.

42. Centers for Disease Control and Prevention (CDC). Update: allograft-associated
bacterial infections—United States, 2002. MMWR Morb Mortal Wkly Rep. 2002;
51:207-10.

43. Argen RJ, Wilson CH Jr, Wood P. Suppurative arthritis. Clinical features of 42
cases. Arch Intern Med. 1966;117:661-6.

44. Fong SY, Tan JL. Septic arthritis after arthroscopic anterior cruciate ligament
reconstruction. Ann Acad Med Singapore. 2004;33:228-34.

45. Tomford WW. Transmission of disease through transplantation of musculo-
skeletal allografts. J Bone Joint Surg Am. 1995;77:1742-54.

46. Shelton WR, Treacy SH, Dukes AD, Bomboy AL. Use of allografts in knee re-
construction: I. Basic science aspects and current status. J Am Acad Orthop Surg.
1998;6:165-8.

47. Simonds RJ, Holmberg SD, Hurwitz RL, Coleman TR, Bottenfield S, Conley LJ,
Kohlenberg SH, Castro KG, Dahan BA, Schable CA, et al. Transmission of human
immunodeficiency virus type 1 from a seronegative organ and tissue donor. N Engl J
Med. 1992;326:726-32.

48. Centers for Disease Control and Prevention (CDC). Hepatitis C virus transmis-
sion from an antibody-negative organ and tissue donor—United States, 2000-2002.
MMWR Morb Mortal Wkly Rep. 2003;52:273-4, 276.

49. Conrad EU, Gretch DR, Obermeyer KR, Moogk MS, Sayers M, Wilson JJ, Strong
DM. Transmission of the hepatitis-C virus by tissue transplantation. J Bone Joint
Surg Am. 1995;77:214-24.

50. Tugwell BD, Patel PR, Williams IT, Hedberg K, Chai F, Nainan OV, Thomas AR,
Woll JE, Bell BP, Cieslak PR. Transmission of hepatitis C virus to several organ and
tissue recipients from an antibody-negative donor. Ann Intern Med. 2005;143:
648-54.

51. Buck BE, Resnick L, Shah SM, Malinin TI. Human immunodeficiency virus
cultured from bone. Implications for transplantation. Clin Orthop Relat Res. 1990;
251:249-53.

52. Boyce T, Edwards J, Scarborough N. Allograft bone. The influence of processing
on safety and performance. Orthop Clin North Am. 1999;30:571-81.

53. Centers for Disease Control and Prevention (CDC). Update: unexplained deaths
following knee surgery—Minnesota, 2001. MMWR Morb Mortal Wkly Rep. 2001;
50:1080.

54. Centers for Disease Control and Prevention (CDC). Septic arthritis following
anterior cruciate ligament reconstruction using tendon allografts—Florida and
Louisiana, 2000. MMWR Morb Mortal Wkly Rep. 2001;50:1081-3.

55. U.S. Department of Health and Human Services. Current good tissue practice
for human cell, tissue, and cellular and tissue-based product establishments;
inspection and enforcement; final rule. 2004.

2407

TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 92-A d NU M B E R 14 d OC T O B E R 20, 2010
AL LO G R A F T CO M PA R E D W I T H AU T O G R A F T IN F E C T I O N

RAT E S I N PR I M A RY ACL R E C O N S T R U C T I O N



56. Standards for tissue banking. 12th ed. Maclean, VA: American Association of
Tissue Banks; 2008.

57. Roberts TS, Drez D Jr, McCarthy W, Paine R. Anterior cruciate ligament recon-
struction using freeze-dried, ethylene oxide-sterilized, bone-patellar tendon-bone
allografts. Two year results in thirty-six patients. Am J Sports Med. 1991;19:35-41.

58. Jackson DW, Windler GE, Simon TM. Intraarticular reaction associated with the
use of freeze-dried, ethylene oxide-sterilized bone-patella tendon-bone allografts in
the reconstruction of the anterior cruciate ligament. Am J Sports Med. 1990;18:
1-11.

59. Fideler BM, Vangsness CT Jr, Lu B, Orlando C, Moore T. Gamma irradiation:
effects on biomechanical properties of human bone-patellar tendon-bone allografts.
Am J Sports Med. 1995;23:643-6.

60. Schwartz HE, Matava MJ, Proch FS, Butler CA, Ratcliffe A, Levy M, Butler DL. The
effect of gamma irradiation on anterior cruciate ligament allograft biomechanical and
biochemical properties in the caprine model at time zero and at 6 months after
surgery. Am J Sports Med. 2006;34:1747-55.

61. Gibbons MJ, Butler DL, Grood ES, Bylski-Austrow DI, Levy MS, Noyes FR. Effects
of gamma irradiation on the initial mechanical and material properties of goat bone-
patellar tendon-bone allografts. J Orthop Res. 1991;9:209-18.

62. Guelich DR, Lowe WR, Wilson B. The routine culture of allograft tissue in anterior
cruciate ligament reconstruction. Am J Sports Med. 2007;35:1495-9.

63. Mroz TE, Joyce MJ, Steinmetz MP, Lieberman IH, Wang JC. Musculoskeletal
allograft risks and recalls in the United States. J Am Acad Orthop Surg. 2008;16:
559-65.

2408

TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 92-A d NU M B E R 14 d OC T O B E R 20, 2010
AL LO G R A F T CO M PA R E D W I T H AU T O G R A F T IN F E C T I O N

RAT E S I N PR I M A RY ACL R E C O N S T R U C T I O N


