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ABSTRACT
Introduction: The use of allografts carries the risk of various complications. Among the most frequent is infection. An important risk 
factor for infection with the use of bone grafts is the transmission of germs through the graft itself. Our objectives are to determine 
if there is a relationship between possible contamination of the grafts from this bank and postoperative infections; demonstrate 
how the proper donor selection, procurement, and processing of the graft decrease the rate of contamination; and report other 
complications related to the quality of the graft. Materials and Methods: We selected patients who received structural bone grafts 
from our bank. All grafts were microbiologically studied. A review of the health records, anamnesis, physical examination, and 
radiographs was performed to evaluate infection and other complications. The ISOLS Osseointegration Scale was used to asses 
the consolidation of the grafts. Results: No graft contamination was detected. One case (7.7%) of infection by carbapenemase-
producing Klebsiella pneumoniae (KPC) and 3 cases (23%) of nonunion were identified. Consolidation was good to excellent in 
77% of cases, satisfactory in 8%, and poor in 15%. No other complications were found. Conclusion: There is a risk for infection 
transmission with structural allograft. Regulated donor selection criteria and control of bone bank procedures reduce the risk of 
infection due to graft contamination and other complications related to graft quality.
Key words: Structural allograft; bone bank; infection; complications. 
Level of Evidence: IV

Uso de aloinjerto estructural e infecciones posquirúrgicas 

RESUMEn
Introducción: El uso de aloinjertos conlleva el riesgo de complicaciones. Una de las más frecuentes es la infección. Un importante 
factor de riesgo de infección con el uso de injertos óseos es la transmisión de gérmenes a través del injerto. Nuestros objetivos fue-
ron determinar si existe una relación entre la posible contaminación de los injertos de este Banco y las infecciones posquirúrgicas; 
demostrar cómo la selección del donante, la procuración y el procesado del injerto adecuados disminuyen la tasa de contaminación 
e informar otras complicaciones relacionadas con la calidad del injerto. Materiales y Métodos: Se seleccionaron pacientes que 
recibieron injerto óseo estructural de nuestro Banco. Todos los injertos fueron estudiados microbiológicamente. Se revisaron las 
historias clínicas, y los pacientes fueron sometidos a una anamnesis y un examen físico, y se les tomaron radiografías para detectar 
infección y otras complicaciones. Se utilizó la Escala de Osteointegración ISOLS. Resultados: En ninguno de los injertos, se detec-
tó contaminación. Se identificó un caso (7,7%) de infección por Klebsiella pneumoniae productora de carbapenemasas y 3 casos 
(23%) de falta de integración. La integración fue entre buena y excelente en el 77% de los casos, satisfactoria en el 8% y pobre en 
el 15%. No hubo otras complicaciones. Conclusiones: Existe riesgo de transmisión de infecciones con el aloinjerto estructural. Los 
criterios reglados de selección de donantes y el control de los procedimientos dentro del banco de huesos disminuyen el riesgo de 
infección por contaminación del injerto y de otras complicaciones relacionadas con la calidad del injerto.
Palabras clave: Aloinjerto estructural; banco de huesos; infección; complicaciones.
nivel de Evidencia: IV

INTRODUCTION
The use of bone grafting in trauma and orthopedic surgery is constantly growing.1,2 There are many and varied 

conditions that require the contribution of this biological material, such as the treatment of tumors, pseudotu-
mor lesions, consolidation defects, pseudarthrosis, congenital malformations, spinal arthrodesis, bone defects, and 
prosthesis revisions, among others.1-4 
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The graft that meets the best conditions for the recipient patient is the autologous,5 since it does not cause 
immune response disorders in the host against the donated graft and does not pose the risk of disease transmis-
sion. However, the bone graft requirements of certain surgeries, for example, when massive structural grafting is 
needed, make it impossible to obtain it from the same patient. In these cases, the use of the allograft is justified, 
that is, graft obtained from another individual of the same species and transplanted to the recipient. 

As a result of this need, the Musculoskeletal System Tissue Banks were created, which are organizations 
responsible for the detection of the potential donor (whether living or cadaveric), its selection, the ablation or 
obtaining of grafts, their processing (decellularization, evaluation of type and quantity of germs, sterilization, 
packaging, etc.), their storage and subsequent distribution to the requesting doctors authorized so that they can be 
used in surgeries. All this is done through a series of orderly and traceable processes.1,2 

The use of structural allografts, such as cortical tables and rings, diaphyseal segments, or osteoarticular al-
lografts for complex reconstructions, carries the risk of various complications that can result in a high failure 
rate.4 Among the most frequent are infection, lack of integration of the graft with the host bone, and other compli-
cations related to the alteration of the biomechanical properties of the graft. The frequency of these complications 
varies with each of the types of structural graft mentioned.4

Regarding infection, when structural allografts are used in surgeries, there are many factors related to this 
complication, regardless of the use of the graft. Some of these factors include extensive bone resections, loss of 
soft tissue coverage, and prolonged duration of surgery.5 Other risk factors for infection have also been described 
in surgeries requiring allografts, such as surgical technique, age of the recipient (>60 years), diabetes, smoking, 
excessive alcohol consumption, or a history of other infections.6

However, one of the risk factors for infection with the use of bone grafts most mentioned in the literature con-
sulted is the transmission of germs through the same graft.2,7,8 

The primary objective of this study was to determine if there is a relationship between the possible contamina-
tion of the grafts of this Bank and the published post-surgical infectious complications. As a secondary objec-
tive, we tried to demonstrate whether the selection criteria properly applied to the donor, the standardization of 
procurement methods, and the correct processing of the procured parts reduced the rate of microbiological con-
tamination of the structural graft. Finally, we reported on the results of other complications related to the quality 
of the graft.

MATERIALS AND METHODS
A retrospective and descriptive study of the experience of the Bone Bank of Hospital Alemán and an analysis of 

the literature on the subject were carried out.
We selected a population of patients treated in our hospital for various reasons with bone tissue from the afore-

mentioned Bone Bank between January 1, 2012 and December 31, 2015. In all cases, the type of graft received was 
structural. The minimum accepted follow-up was 6 months.

To obtain these grafts, all donors were accepted according to the selection criteria established by the Instituto 
Nacional Central Único Coordinador de Ablación e Implante (INCUCAI) and by the Bone Bank of Hospital 
Alemán. All the grafts obtained were processed according to the processing protocols of our Quality Guide; in 
each of the stages, from the selection of the donor to its use, they were handled by personnel belonging to our 
Bone Bank. This Tissue Bank and its staff are authorized as established by INCUCAI Provisions No. 088/16 and 
089/16.

Cultures were performed in all tissues for the control of microbiology at the time of ablation and processing in 
its different stages. The microbiological control was always carried out in the Microbiology Laboratory of Hospital 
Alemán, and included culture of bacteria, mycobacteria, and fungi. According to the quality policies of the Bone 
Bank Procedure Manual, tissues will be properly discarded if either of the two microbiology tests (ablation or 
processing) yields positive results. 

With respect to the inclusion criteria, patients of both sexes were incorporated, without age restriction, with a 
diagnosis of any condition that required treatment with structural bone graft and who had received grafts exclu-
sively from our Bone Bank for treatment. The exclusion criteria were: previous active infectious disease at the graft 
recipient site (infected pseudarthrosis, osteomyelitis, septic arthritis), concomitant immunosuppression, and prior 
use of grafts not belonging to this Bone Bank.
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14 structural grafts were studied in 12 patients. One (1 graft) of these 12 patients was excluded because he 
had osteomyelitis as the initial disease of the graft recipient site. Finally, 13 grafts were analyzed in 11 patients 
(Table 1).

Table 1. Patient overview

Patient Date of 
surgery

Follow-up Age Sex Illness Treatment Postoperative 
complicationsSurgery Type of Graft

1 10/
OCT/2012

34 months 12 M Ollier disease, 
femur enchondroma 
with deformity and 

misalignment.

Resection + 
corrective 

osteotomy + 
intercalary graft

Distal femur 
+ diaphysis 

23 cm

No

2 28/
SEPT/2012

10 months 8 M Proximal femur Ewing 
sarcoma

Resection + 
intercalary graft

Proximal tibia 
with extensor 
apparatus + 15 
cm diaphysis

No

3 9/
SEPT/2013

16 months 69 F Nonunion of 
periprosthetic hip 

fracture

Osteosynthesis 
revision + graft

13 cm table Yes

4 26/
NOV/2013

30 months 18 M Relapsed 
chondroblastoma of 
proximal humerus

Resection + 
alloprosthesis

Proximal 
humerus with 
cuff + 15 cm 

diaphysis

No

5 12/
JUN/2014

23 months 40 M Pelvic chondrosarcoma Resection + 
intercalary graft

Proximal 
tibia + 10 cm 

diaphysis

Yes

6 19/
AUG/2014

21 months 74 F Periprosthetic shoulder 
fracture

Revision of 
total prosthesis 

to shoulder 
hemiarthroplasty 
+ osteosynthesis 

+ graft

10 cm table Yes

7 12/
DEC/2014

18 months 29 F Uninfected nonunion of 
the femur

Osteosynthesis 
revision + graft

20 cm table No

8 7/
JAN/2015

17 months 40 F Osteosarcoma of the 
femur

Resection + 
intercalary graft

Femoral 
diaphysis 15 

cm

No

9 8/
JAN/2015

17 months 72 F Histiocytic sarcoma of 
the humerus

Resection + 
intercalary graft

Humeral 
diaphysis 20 

cm

No

10 22/
JAN/2015

16 months 71 F Nonunion/refracture 
of periprosthetic hip 

fracture

Revision of hip 
prostheses + 

graft

15 cm table No

11 27/
OCT/2015

7 months 75 F Revision of shoulder 
arthroplasty 

Revision of 
hemiarthroplasty 

to inverted 
total shoulder 
prosthesis + 
revision of 

osteosynthesis + 
graft

Distal tibia 10 
cm

No

12  15/
NOV/2015

7 months 41 M Uninfected nonunion of 
the femur

Osteosynthesis 
revision + graft

15 cm table No

13 15/
DEC/2015

6 months 53 M Uninfected nonunion of 
the femur

Osteosynthesis 
revision + graft

20 cm table No

Patient 3 is the same as patient 10 and patient 6 is the same as patient 11. They were included twice in the list because they were treated with structural grafting 
twice.
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In addition to the review of the medical history, all the patients included were called and subjected to anamnesis 
and physical examination by the same examiner to objectively evaluate the presence of infectious complications or 
any other complication (lack of integration, fracture of the graft, etc.) related to the structural bone graft. Likewise, 
a radiographic study was carried out to evaluate the condition of the graft at the time of the study. The Osseoin-
tegration Scale of the International Symposium on Limb Salvage (ISOLS) was used to evaluate graft integration. 
(Table 2).

Radiological osseointegration Outcome

100% Excellent

>75% Fair 

25-75% Acceptable 

<25% Poor

Table 2. ISOLS Osseointegration Scale

RESULTS
All microbiological studies were carried out in the Microbiology Laboratory of Hospital Alemán. The analyses 

and cultures were carried out twice: on a first sample taken during ablation and on a second sample taken during 
the processing or preparation of the graft, before the final packaging. The results of all samples were negative.

During the clinical evaluation, no patients had signs or symptoms of active infection, or sequelae or complica-
tions due to the use of structural grafting.

According to radiographic studies, none had signs of graft or surgical site infection or loosening of osteosynthe-
sis material (Tables 3 and 4, Figures 1 and 2).

Figure 1. Case 4. Proximal humerus chondroblastoma. The progressive integration of the graft is observed. A. Preoperative 
right proximal humerus radiograph. B. Radiograph of the right proximal humerus in the immediate postoperative period. C. 
Radiograph of the right proximal humerus 6 months after surgery.

A B C
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Table 3. Patient treatment details

Patient Treatment

Surgery Type of graft Type of 
fixation

Preoperative 
chemotherapy

Postoperative 
chemotherapy

1 Resection + corrective 
osteotomy + intercalary graft

Distal femur + diaphysis 
23 cm

Plate with 
screws

No No

2 Resection + intercalary graft Proximal tibia with extensor 
apparatus + 15 cm diaphysis

Plate with 
screws

Yes Yes

3 Osteosynthesis revision 
+ graft

13 cm table Plate with 
screws

No No

4 Resection + alloprosthesis Proximal humerus 
with cuff + 15 cm 

diaphysis

Plate with 
screws

No No

5 Resection + intercalary graft Proximal tibia + 10 cm 
diaphysis

Rods and 
screws

No No

6 Revision of total prosthesis 
to shoulder hemiarthroplasty 

+ osteosynthesis 
+ graft

10 cm table Plate with 
screws + 

wire cerclage

No No

7 Osteosynthesis revision 
+ graft

20 cm table Plate with 
screws

No No

8 Resection + intercalary 
graft

Femoral diaphysis 15 cm Plates with 
screws

Yes Yes

9 Resection + intercalary 
graft

Humeral diaphysis 20 cm Plate with 
screws

Yes Yes

10 Revision of hip prostheses 
+ graft

15 cm table Wire 
cerclage

No No

11 Revision of hemiarthroplasty 
to inverted total shoulder 

prosthesis + revision 
of osteosynthesis + graft

Distal tibia 10 cm Plate with 
screws + 

wire cerclage

No No

12 Revision of osteosynthesis 
+ Graft

15 cm table Plate with 
screws

No No

13 Revision of osteosynthesis 
+ Graft

20 cm table Plate with 
screws

No No
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Patient Complications Treatment of the complication

Infection No integration Reabsorption Fracture Other

1 No No No No No ___

2 No No No No No ___

3 No Yes No No No Revision of osteosynthesis + new graft

4 No No No No No ___

5 Yes* Yes Yes No No Debridement, chemotherapy + antibiotic 

6 No Yes Yes No No Arthroplasty revision + new graft

7 No No No No No ___

8 No No No No No ___

9 No No No No No ___

10 No No No No No ___

11 No No No No No ___

12 No No No No No ___

13 No No No No No ___

*Patient 5: Infection 12 days after surgery (admitted to the Intensive Care Unit). Germ: Carbapenemase-producing Klebsiella pneumoniae. 
Antibiotics: intravenous fosfomycin/gentamicin and then doxycycline.

Table 4. Complications and their treatment

Figure 2. Case 7. Distal femur fracture. The progressive integration of the graft is observed. 
A. Preoperative right distal femur radiograph. B. Radiograph of the right distal femur one month after 
surgery. C. Radiograph of the right distal femur 9 months after surgery.

A B C
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The correct alignment of the graft was corroborated in all cases. Likewise, according to the ISOLS Osseointe-
gration scale, integration was excellent in 54% of patients (7 cases), good in 23% (3 patients), acceptable in 8% 
(1 case), and poor in 15% (2 cases). Table 5 details the results of each patient for graft integration according to the 
scale mentioned. 

Patient Percentage of radiologic 
osseointegration 

ISOLS Score

1 100% Excellent

2 100% Excellent

3 25-75% Acceptable

4 100% Excellent

5 0-25% Poor

6 0% Poor

7 100% Excellent

8 100% Excellent

9 75-100% Fair

10 100% Excellent

11 100% Excellent

12 75-100% Fair

13 75-100% Fair

The percentage of radiologic osseointegration achieved and its corresponding classification according to 
the ISOLS score for each patient is observed.

Table 5. Results according to the ISOLS Osseointegration Scale

During the review of the health records, one case (7.7%) of surgical site infection was identified. This was a 
patient with a grade 3 chondrosarcoma in the left hemipelvis (Case 5), who had undergone an internal hemipel-
vectomy (type 1 resection) and a reconstruction with structural graft and osteosynthesis. After 12 days, while 
hospitalized in the Intensive Care Unit, he was diagnosed with surgical site infection. The germ detected was 
Klebsiella pneumoniae, a gram-negative carbapenemase-producing bacterium. Carbapenemases are enzymes that 
inactivate beta-lactam antibiotics, such as penicillin and cephalosporins. He underwent surgical debridement at 
the site and, after an interconsultation with the Department of Infectious Diseases, he was administered fosfo-
mycin/gentamicin intravenously and then doxycycline orally, for 6 months. The infection progressed favorably 
(Figure 3).

During the review of the medical records, three cases (23%) of lack of integration were also identified, two 
of them (15.4%) due to graft resorption. One of the cases of lack of integration and resorption of the graft was 
that of the patient who evolved with infection of the surgical site (Case 5). The other (Case 6) corresponded to a 
patient with a periprosthetic shoulder fracture, undergoing a revision of total prosthesis to hemiarthroplasty with 
osteosynthesis and structural graft (cortical table), which finally resulted in pseudarthrosis of the fracture with 
resorption and lack of integration of the graft. The last case of lack of integration (Case 3) was a patient with an 
initial diagnosis of pseudarthrosis of periprosthetic hip fracture. A revision osteosynthesis was performed with a 
structural graft (cortical table) as a treatment. The evolution continued with the pseudarthrosis of the fracture and 
the lack of integration of the graft.



30

F. D. Jorge et al.

  Rev Asoc Argent Ortop Traumatol 2022; 87 (1): 23-33 • ISSN 1852-7434 (online)

DISCUSSION
Infection associated with the use of an allograft is one of the most worrisome complications for the surgeon. One 

of the most mentioned risk factors for infection in the literature is the transmission of germs through the graft.2,7,8 
According to most authors, contamination of bone pieces occurs at the time of ablation.2,7,8 However, bacteria 

were sometimes detected in the donor’s blood as a result of contamination at the time of death (trauma) or, in the 
case of multi-organ cadaveric donors, as a result of the previous removal of organs and other tissues.9,10  Veen et 
al.10 considered the number of ablation doctors (more than four) as a factor of contamination. In another similar 
study, Barrios et al.11 showed that contamination also depends on the number of people handling the material and 
the prolonged duration of the ablation.

According to the analysis of the contaminated samples, the bacteria found usually correspond to low-patho-
genicity genera of the skin microbiota.2,8,9 Different studies, including that of James et al.,12 identified coagulase-
negative Staphylococcus sp. as the most frequent isolated microorganism in an allograft. Other germs, such as 
Staphylococcus epidermidis, Propionibacterium sp. and bacteria of the genus Clostridium sp., are also commonly 
detected, all of them gram-positive.12

On the other hand, there is a risk of viral transmission with the use of bank grafting.2,13 Blood and bone marrow 
are primarily responsible for viral transmission, but there is evidence that cartilage, ligaments, tendons, and me-
nisci would also have this property.13

In the United States, cases of human immunodeficiency virus transmission through allografts of donor muscu-
loskeletal tissue were reported. In one of them, the Tissue Bank that distributed them found that three of the four 
unprocessed frozen musculoskeletal allograft receptors (2 femoral heads, and an anterior tibial patella-tendon-
tubercle complex) were infected with the human immunodeficiency virus; however, other grafts from the same 

Figure 3. Case 5. Chondrosarcoma of the pelvis. Progressive reabsorption of the graft is observed. 
A. Preoperative pelvic MRI. B. CT scan of the pelvis 6 months after surgery. C. CT scan of the pelvis 2 
years after surgery.

A

B C
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donor, which were processed and frozen (fascia lata, other tendons and ligaments), did not transmit the disease.14 
This case exemplifies that the method of preservation by freezing without proper processing of the piece does not 
destroy the human immunodeficiency virus. The processing of the implanted material removes the core contents 
where the virus is found. 

On the basis of previous internationally recognized studies,2,8,9 this Bank has adopted decellularization by 
repeated washing with suitable solutions as a form of processing and freezing at -80 °C for the conservation and 
storage of structural bone pieces. 

A rigorous control must be performed in the selection of the donor, in compliance with the protocols for tissue 
ablation. Likewise, an adequate processing of the obtained parts and a strict subsequent microbiological control 
must also be carried out. Disregarding these procedures can lead to post-surgical infection by a contaminated 
graft.2,9

In this study, there were no grafts removed due to microbiological contamination. On the other hand, as 
mentioned by Aponte-Tinao et al.,4 several factors can produce a risk of infection during surgery, in addition to 
the use of allograft. Some risk factors for infection include extensive bone resection with soft tissue loss, the 
duration of the procedure, and adjuvant treatments, such as chemotherapy and radiation therapy in cases of bone 
tumors. 

The frequency of infection of massive allografts in most published series is 5% to 30%.15,16 For example, 
Aponte-Tinao et al.15 reported a 9% incidence rate of infection in 673 patients. It should be noted that a compli-
cation such as infection usually leads to removal of the allograft, so it is related to a high surgical failure rate. 

In this study, there was only one case (7.7%) of surgical site infection and the isolated germ was carbapene-
mase-producing Klebsiella pneumoniae.  The detection was early, during the stay in the Intensive Care Unit, and 
was treated with surgical debridement on postoperative day 12 and antibiotic treatment for 6 months.

Although the infection rate coincides with that of the literature studied, the isolated germ did not correspond 
to the germs normally detected in cases of graft contamination. Carbapenemase-producing Klebsiella pneu-
moniae is a germ related to hospital-acquired infections in closed units. Although structural allograft was used, 
due to the nature of the surgery (internal hemipelvectomy plus reconstruction), the large bone resection, and 
the surgical duration, we can conclude that the infection was not directly related to the graft, but to other con-
comitant factors. 

Other non-infectious complications
Integration in the allograft-host junction takes a longer time than autograft-host integrations.17-19 Dion and Sim17 

stated that a graft is considered not to have been integrated with the host bone when integration is not observed 
after one year and that the rate varies between 11% and 17%. Enneking and Mindel18 demonstrated that integra-
tion between the graft and the host’s bone occurs slowly by the formation of new bone on the surface of the graft 
through an external callus that comes from the host’s cortical bone, and more rapidly inside the graft by resorption 
and formation of an internal callus from the host’s trabecular bone.

Several factors are determinants for allograft integration, including the type of graft fixation and concomitant 
treatment with chemotherapy in patients with bone tumors.20 

With regard to the method of osteosynthesis used, Aponte-Tinao et al.21 observed that plates with screws have 
a lower incidence of lack of integration than intramedullary nails (15% versus 28%) for they provide more stable 
fixation.

Chemotherapy would have an inhibitory effect on the integration between the graft and the host. Enneking and 
Campanacci22 demonstrated an association between delayed allograft-host integration and preoperative chemo-
therapy. Hazan et al.23 reported a lack of integration in 32% of cases requiring chemotherapy and in 12% of those 
who did not require chemotherapy. On the other hand, Delloye et al. found no differences.20

In this study, 77% of the patients had an integration classified between good and excellent according to the 
ISOLS scale, which corresponded to a radiological osseointegration >75%. 8% of the cases had a satisfactory in-
tegration (25-75% of radiological osseointegration) and 15%, a poor one (<25% of radiological osseointegration). 
There were three cases (23%) of lack of integration.

There were no cases of lack of graft integration or other related complications in patients who had received 
preoperative chemotherapy. 
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These rates do not fully coincide with what is mentioned in the literature, although the small number of cases 
could justify this discrepancy.

Several authors, including Davy,24 showed that the biomechanical properties of grafting, such as flexural, com-
pressive, or torsional resistance, are not lost at storage temperatures between -70°C and -80°C, since at these tem-
peratures the enzymatic degradation of tissues stops.

 
In the Bone Bank of Hospital Alemán, bone allografts are kept 

in low-temperature freezers that, according to periodically surveyed records, oscillate in that range.
In this study, we used long cortical bones frozen and preserved at these temperatures, as recommended in the 

literature, and, in the patients analyzed, no complications related to the alteration of graft biomechanics were ob-
served.

Finally, the weaknesses of this study were that the selected population was too scarce to obtain reliable results, 
that the follow-up time had not been extensive enough in all cases, that very diverse pathologies and age groups 
were analyzed, and that it was a retrospective study.

CONCLUSIONS
The use of structural allografts poses a potential risk of transmission of infectious diseases. However, the ap-

plication of our standards and working protocols proved to be effective in preventing post-surgical infections due 
to graft contamination. To avoid contamination of the grafts, it is imperative to comply with standardized donor 
selection criteria, standardize procurement methods, perform a correct processing of the pieces obtained, and carry 
out an exhaustive control of other procedures that take place within a bone bank. In this way, the risk of postopera-
tive infection due to contamination of the graft and also the eventual appearance of other complications related to 
the quality of the structural allograft is significantly reduced.
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M. Basso ORCID ID: https://orcid.org/0000-0001-9649-9704

REFERENCES

  1.  Sims L, Kulyk P, Woo A. Intraoperative culture positive allograft bone and subsequent postoperative infections: a 
retrospective review. Can J Surg 2017;60(2):94-100. https://doi.org/10.1503/cjs.008016

  2.  Zamborsky R, Svec A, Bohac M, Kilian M, Kokavec M. Infection in bone allograft transplants. Exp Clin Transplant 
2016;14(5):484-90. PMID: 27733106

  3.  Rogers BA, Sternheim A, De Iorio M, Backstein D, Safir O, Gross AE. Proximal femoral allograft in revision hip 
surgery with severe femoral bone loss: a systematic review and metaanalysis. J Arthroplasty 2012;27(6): 829-36. 
https://doi.org/10.1016/j.arth.2011.10.014

  4.  Aponte-Tinao LA, Ritacco LE, Albergo JI, Ayerza MA, Muscolo DL, Farfalli GL. The principles and applications 
of fresh frozen allografts to bone and joint reconstruction. Orthop Clin North Am 2014;45(2):257-69.   
https://doi.org/10.1016/j.ocl.2013.12.008

  5.  Lemos Azi M, Aprato A, Santi I, Kfuri M Jr, Masse A, Joeris A. Autologous bone graft in the treatment of post-
traumatic bone defects: a systematic review and meta-analysis. BMC Musculoskelet Disord 2016;17(1):465.  
https://doi.org/10.1186/s12891-016-1312-4

  6.  Mikhael MM, Huddleston PM, Nassr A. Postoperative culture positive surgical site infections after the use of 
irradiated allograft, nonirradiated allograft, or autograft for spinal fusion. Spine 2009;34(22):2466-8.   
https://doi.org/10.1097/BRS.0b013e3181b1fef5

––––––––––––––––––
Conflict of interests: The authors declare they do not have any conflict of interests.



Structural Allograft and Infections

Rev Asoc Argent Ortop Traumatol 2022; 87 (1): 23-33 • ISSN 1852-7434 (online) 33

  7.  Varaona JM. Banco de Tejido Óseo: Pautas para un funcionamiento eficiente y seguro. Tesis de Doctorado en 
Medicina. Universidad de Buenos Aires, Facultad de Medicina, 2006.

  8.  Chapman PG, Villar RN. The bacteriology of bone allografts. J Bone Joint Surg 1992;74(3): 398-9.   
https://doi.org/10.1302/0301-620X.74B3.1587886

  9.  Escribano Rey RJ, Vázquez García BL. Contamination of tissue allografts from a deceased donor through haematic 
dissemination: a case study. Cell Tissue Bank 2010;11(3):295-8. https://doi.org/10.1007/s10561-009-9153-0

10. Veen MR, Bloem RM, Petit PLC. Sensitivity and negative predictive value of swap cultures in musculoskeletal 
allograft procurement. Clin Orthop Relat Res 1994;300:259-63. PMID: 8131346

11.  Barrios RH Leyes M, Amillo S, Oteiza C. Bacterial contamination of allografts. Acta Orthop Belg 1994;60(2):152-
4. PMID: 8053313

12.  James LA, Ibrahim T, Esler CN. Microbiological culture results for the femoral head. Are they important to the 
donor? J Bone Joint Surg Br 2004;86(6):797-800. https://doi.org/10.1302/0301-620x.86b6.14783

13. Tomford WW. Transmission of disease through transplantation of musculoskeletal allografts. J Bone Joint Surg Am 
1995;77(11):1742-4. https://doi.org/10.2106/00004623-199511000-00017

14. Schratt HE, Regel G, Kiesewetter B, Tscherne H. [HIV infection caused by cold preserved bone transplants]. 
Unfallchirurg 1996;99(9):679-84. [German] https://doi.org/10.1007/s001130050042

15. Aponte-Tinao LA, Ayerza MA, Muscolo DL, Farfalli GL. What are the risk factors and management options for 
infection after reconstruction with massive bone allografts? Clin Orthop Relat Res 2016;474(3):669-73.  
https://doi.org/10.1007/s11999-015-4353-3

16. Mankin HJ, Hornicek FJ, Raskin KA. Infection in massive bone allografts. Clin Orthop Relat Res 2005;(432):210-6. 
https://doi.org/10.1097/01.blo.0000150371.77314.52

17. Dion N, Sim FH. The use of allografts in orthopaedic surgery. Part I: the use of allografts in musculoskeletal 
oncology. J Bone Joint Surg Am 2002;84:644-54. Available at:      
https://www.proquest.com/openview/f0b36838f75fd8144404891634c121d7/1?pq-origsite=gscholar&cbl=289

18. Enneking WF, Mindel ER. Observations on massive retrieved human allografts. J Bone Joint Surg Am 
1991;73(8):123-34. PMID: 1890115

19. Frisoni T, Cevolani L, Giorgini A, Dozza B, Donati DM. Factors affecting outcome of massive intercalary bone 
allografts in the treatment of tumours of the femur. J Bone Joint Surg Br 2012;94(6):836-41.   
https://doi.org/10.1302/0301-620X.94B6.28680

20. Delloye C, van Cauter M, Dufrane D, Francq BG, Docquier PL, Cornu O. Local complications of massive bone 
allografts: an appraisal of their prevalence in 128 patients. Acta Orthop Belg 2014;80(2):196-204. PMID: 25090792

21. Aponte-Tinao L, Farfalli G, Ritacco L, Ayersa M, Muscolo L. Intercalary femur allografts are an acceptable alternative 
after tumor resection. Clin Orthop Rel Res 2012;470(3):728-34. https://doi.org/10.1007/s11999-011-1952-5

22. Enneking WF, Campanacci DA. Retrieved human allografts: a clinicopathological study. J Bone Joint Surg Am 
2001;83(7):971-86. PMID: 11451965

23. Hazan EJ, Hornicek FJ, Tomford WW. The effect of adjuvant chemotherapy on osteoarticular allografts. Clin Orthop 
2001;(385):176-81. https://doi.org/10.1097/00003086-200104000-00027

24. Davy DT. Biomechanical issues in bone transplantation. Clin Orthop North Am 1999;30(4):553-63.   
https://doi.org/10.1016/s0030-5898(05)70108-5


