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Cortical allograft as a vehicle for antibiotic delivery
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Background   Infection can be a devastating complica-
tion after implantation of a cortical bone allograft. The 
allograft could act as a vehicle for local antibiotic pro-
phylaxis. 

Material and methods   We studied the release of 
antibiotics in vitro from cortical bone allografts impreg-
nated with antibiotics for different periods of time. We 
also studied whether cortical allografts impregnated 
with antibiotics could eradicate Staphylococcus aureus 
from an experimentally infected graft in vivo. In the 
in vitro study, pieces of cortical bone were impreg-
nated with netilmicin, vancomycin, ciprofloxacin and 
rifampicin for 1 h, 10 h and 100 h. The antibiotics were 
eluted into phosphate-buffered saline (PBS) for 7 days, 
with daily transfer of the bone into fresh PBS. In the in 
vivo study, cortical allografts impregnated with antibi-
otics were placed in rats intramuscularly. 10 µL of an 
S. aureus suspension (0.6 × 105 CFU) was placed in the 
intramedullary cavity. After 15 days, the allografts were 
removed and examined for bacterial growth. 

Results   The amount of antibiotics released in vitro 
was influenced by the time used for antibiotic impregna-
tion of the bone. Allografts impregnated with netilmicin, 
vancomycin and rifampicin effectively eradicated peri-
operative contamination with S. aureus in vivo.

Interpretation   This study shows that a cortical bone 
allograft would be an effective vehicle for local antibiotic 
delivery.

■

With cortical allografts, graft-host nonunion, graft 
fracture, and graft infection occur (Aro and Aho 
1993). Infection rates of 4–12% have been reported 
(Lord et al. 1988, Tomford et al. 1990, Aro and 

 

Aho 1993, Gross et al. 1995, Haddah et al. 2000). 
Webb et al. (1994) studied antibiotic resistance 
in Staphylococcus aureus adhering to polyeth-
ylene, polymethylmetacrylate, and cortical bone 
allografts in vitro. Compared to bacteria growing 
on the surface of polyethylene and polymethyl-
metacrylate, bacteria from the surface of a cortical 
allograft were associated with the highest degree 
of antibiotic resistance. A cortical allograft may 
serve as a dead foreign body that is not protected 
by the local cellular defense mechanisms. Hence, 
a prolonged period with prophylactic antibiotics 
has been recommended after implantation of large 
allografts (Lord et al. 1988, Aro and Aho 1993). In 
vitro studies have shown that cortical bone can act 
as an antibiotic carrier (Winkler et al. 2000). We 
studied whether increasing the time period used for 
antibiotic impregnation of cortical bone allograft 
could result in increased in vitro release of anti-
biotic from the graft subsequently. We also stud-
ied whether cortical allografts impregnated with 
antibiotics could eradicate perioperative bacterial 
contamination with S. aureus in vivo. 

Material and methods

In vitro studies

Human femoral cortical bone was prepared under 
sterile conditions and cut into pieces of similar 
size. All marrow tissue was removed. The average 
surface area of the bone pieces was 645 (552–734) 
mm2 and the average weight was 1.46 (1.35–1.55) 
g. The bone pieces were stored by freezing at 
–70°C. After thawing, the bone was put into small 
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polypropylene tubes with 3 mL of antibiotic solu-
tion at room temperature. We performed the exper-
iments in triplicate. 4 antibiotic solutions were 
used: netilmicin 400 mg/mL (Essex Chemie AG, 
Toepferstrasse 5; CH-6004 Luzern, Switzerland), 
vancomycin 100 mg/mL (Vancocin, Lilly, Eli Lilly 
Co., Indianapolis, IN), ciprofloxacin 2 mg/mL 
(Ciproxin, Bayer, Bayer AG, Leverkusen, Ger-
many) and rifampicin 50 mg/mL, pH 8.1 (Rimac-
tan, Biochemie, Biochemie BmbH, Kundl, Aus-
tria). The pH of the netilmicin, vancomycin and 
ciprofloxacin solutions was adjusted to 6.6–6.7 by 
adding 10M NaOH. 3 impregnation periods were 
used: 1 h, 10 h and 100 h. To remove antibiotics 
not adsorbed to the bone, a standard washing pro-
cedure was performed after the impregnation: the 
cortical bone pieces were put into test tubes with 
5 mL of saline and mixed on a vortex mixer at full 
speed for 15 sec. The bone was then submerged 
into another 5 mL of saline before it was put into 
a test tube with 5 mL of phosphate-buffered saline 
(PBS) and incubated at 37°C for 24 h. After incu-
bation, the bone piece was removed from the test 
tube, washed in 5 mL saline and transferred into a 
test tube with 5 mL PBS. The study was continued 
for 7 days, with daily transfer of the bone into a 
test tube with PBS after washing in saline. Each 
day, 2-mL aliquots of elution fluid were frozen and 
stored at 70°C. We measured the total amount of 
antibiotics eluted over the 7 days. In addition, anti-
biotic concentration analyses were performed for 
days 1, 3 and 7.

Measurement of antibiotic concentration

We determined netilmicin and vancomycin con-
centrations using fluorescence polarization immu-
noassay (FPIA) technology (TDx/TDxFLx Vanco-
mycin and Netilmicin Assay System, Abbott Labo-
ratories, Diagnostics Division, Abbott Park, IL). In 
this assay, 0.09 mg/L and 2.0 mg/L are the lowest 
detectable concentrations of netilmicin and vanco-
mycin, respectively. 

Ciprofloxacin and rifampicin concentrations 
were determined using agar disk diffusion bioas-
say with Escherichia coli MB-3804 and Staphy-
lococcus epidermidis I-1478, respectively, as the 
indicator strains. The technique is based on the 
inhibitory activity of disks containing a standard-
ized concentration of antibiotic (PDM Diagnostic 

Discs, AB Biodisk, Sweden). In addition, test paper 
disks were impregnated with 10 µL of the elution 
fluid. Agar was flooded with 5 mL of the indica-
tor bacterial strain suspension (2 × 105 CFU/mL). 
Superfluous bacterial suspension was removed and 
the agar was dried. The standard paper disks and 
the test paper disks were placed on the seeded agar 
and incubated overnight at 37°C. The diameter of 
the zone of inhibition for each standard paper disk 
was measured and drawn onto semilogarithmic 
paper to obtain a standard curve for each antibiotic. 
The unknown concentrations were determined by 
measuring the zones of inhibition and reading the 
concentration from the curve. 

Experimental infection of cortical allograft

The Norwegian Council for Animal Experimenta-
tion approved the study. 20 male albino, outbred 
Wistar rats (M&B A/S, 8680 Ry, Denmark), 8 
weeks old and weighing 299 (280–320) g, were 
divided into 5 groups, with 4 animals in each 
group. Groups 1–4 received allografts impregnated 
with netilmicin, vancomycin, ciprofloxacin or 
rifampicin. Group 5 acted as control and consisted 
of cortical allografts not impregnated with antibi-
otics. The study was done blind.

We prepared allografts as follows. Soft tissue 
was removed from circumferential rat femoral 
diaphyses. The average allograft length was 20.0 
(19.5–20.5) mm, and the average weight was 0.38 
(0.30–0.50) g. The bone grafts were stored by freez-
ing at –70 °C. After thawing, the marrow canal was 
cleaned with a 0.35-mm Kirshner wire and flushed 
with 10 mL saline. In the mid-part of the diaphy-
ses, a 1.5-mm drill hole was made through the first 
cortex and into the intramedullary cavity. The corti-
cal allografts were impregnated for 10 h at room 
temperature with 3 mL antibiotic solution (netilmi-
cin, vancomycin, ciprofloxacin or rifampicin) of the 
concentrations described previously for the in vitro 
study. Control bone was impregnated with saline. 
To remove antibiotics not adsorbed to the bone, 
the allograft was placed into a test tube with 5 mL 
saline and mixed on a vortex mixer at full speed for 
15 seconds. The bone was then washed with saline 
in a new test tube before the intramedullary cavity 
was flushed with 10 mL normal saline.

The animals were operated under standard oper-
ating theater conditions. They were given general 
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anesthesia with a subcutaneous injection of 0.7 
mL midazolam/fentanyl-fluanisone. One cortical 
allograft was implanted intramuscularly in each 
animal, in the interscapular region. Perioperatively, 
10 µL (0.6 (0.5–0.7) × 107 CFU/mL) of a freshly 
prepared S. aureus ATCC 25923 suspension, was 
injected through the diaphyseal hole into the intra-
medullary cavity. The muscular fascia and the 
skin were closed with sutures. During the opera-
tion, the bacterial suspension was kept on ice to 
ensure that each animal received an identical bac-
terial inoculum. As postoperative sedation, each 
animal received a subcutaneous injection of 0.03 
mg buprenorphin. Postoperatively, the animals 
were housed in a 12-hour night-day cycle environ-
ment. They were allowed free movement, standard 
food (“Rat and Mouse diet” BKOO1E) and water 
ad libitum. After 15 days, the rats were given gen-
eral anesthesia with 0.7–0.8 mL midazolam/fen-
tanyl-fluanisone, and the cortical allografts were 
removed under sterile conditions. A separate set of 
instruments was used for each animal. The animals 
were then killed by CO2 intoxication. The corti-
cal bone was placed in a sterile polypropylene tube 
and crushed into small pieces with sterile forceps. 
5 mL of saline was added to the tube and the tube 
with its contents was mixed on a vortex mixer at 
full speed for 60 sec. Quantitative bacterial culture 
was performed to determine the number of viable 
bacteria in the washing fluid. Briefly, 10 L of undi-
luted sample and 10-fold serially diluted samples 
of the saline were seeded on blood agar and incu-
bated at 37°C for 24 h. The number of colony-
forming units (CFU) was counted. Growth of S. 

aureus from the excised allografts was analyzed 
genotypically with pulsed-field gel electrophoresis 
as described in detail by Andersen et al. (1999). 
We determined the Minimum Inhibitory Concen-
tration (MIC) of the antibiotics for S. aureus ATCC 
25923 in advance by the E-test (AB Biodisk, 
Solna, Sweden): netilmicin 0.19 mg/L, vancomy-
cin 2.0 mg/L, ciprofloxacin 0.25 mg/L, rifampicin 
0.016 mg/L.

Statistics

If not otherwise stated, the results are presented 
as arithmetic mean (dispersion as total range). For 
statistical analysis, we used a non-parametric sta-
tistical test (Jonckheere-Terpstra test). Statistical 
significance was considered at p-values less than 
0.05.

Results

Elution of antibiotics from cortical allografts 
in vitro 

The duration of time used for antibiotic impregna-
tion of cortical bone had a profound influence on the 
subsequent release of antibiotics (Table). The total 
amount of netilmicin, vancomycin and rifampicin 
released increased 3–4 fold when the time used for 
impregnation was increased from 1 h to 10 h, and 
6–10 fold when the time was increased from 1 h to 
100 h. The total amount of ciprofloxacin released 
increased 2–3 fold. The increase in peak antibiotic 
concentration showed the same trend. The elution 
profile showed an exponential decay of antibiotic 

Triplicates of cortical bone pieces were impregnated with netilmicin (400 mg/mL), vancomycin (100 mg/mL), cipro-
floxacin (2 mg/mL) and rifampicin (50 mg/mL). The total amount of antibiotic was the amount eluted into PBS over 7 
days. The peak concentration was the amount of antibiotics eluted into 5 mL PBS during the first 24 h

 Bone impregnated Bone impregnated Bone impregnated Jonckheere-
 for 1 h for 10 h for 100 h Terpstra test

Total amount (mg)
 Netilmicin 1.34 2.30 3.26 6.07 9.24 9.55 6.09 14.5 16.1 p = 0.01
 Vancomycin  1.05 1.47 1.65 3.01 5.32 6.76 8.79 9.49 12.4 p < 0.01
 Ciprofloxacin  0.10 0.13 0.15 0.22 0.22 0.29 0.28 0.30 0.32 p = 0.01
 Rifampicin  0.56 0.56 0.60 2.31 2.31 2.49 4.90 5.95 5.95 p < 0.01
Peak concentrations (mg/L) 
 Netilmicin 240 420 540 1020 1640 1740 990 2610 2900 p = 0.02
 Vancomycin 179 214 291 550 756 873 1064 1306 2713 p < 0.01
 Ciprofloxacin 17 19 20 32 32 50 40 49 49 p = 0.02
 Rifampicin  99 115 123 360   390 400 860 860 860 p < 0.01
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eluted from the cortical bone pieces throughout 
the study period, irrespective of the time used for 
impregnation of the bone. The portion of antibiot-
ics released during the first 24 h (expressed as per-
centage of the total amount of antibiotics released 
over 7 days) was 88% (83–91) for netilmicin, 78% 
(60–100) for vancomycin, 75% (63–86) for cip-
rofloxacin, and 84% (72–100) for rifampicin. For 
bone pieces impregnated for 100 h, the antibiotic 
concentration in the elution fluid after 7 days was 4 
(4–5) mg/L for netilmicin, 3 (2–4) mg/L for vanco-
mycin, 0 mg/L for ciprofloxacin, and 2 (1–4) mg/L 
for rifampicin. 

Eradication of experimental allografinfection

One of the rats died immediately after the opera-
tion, probably due to respiratory failure. The 
implanted bone was removed under sterile con-
ditions and implanted into another rat of similar 
weight. Otherwise, the rats were in good health 
after the operation. They all gained weight during 
the study period; the average weight increase was 
57 (33–85) g. At the final operation, all the cor-
tical allografts were still positioned intramuscu-
larly. There were various degrees of local reaction 
around the allograft, ranging from tissue necrosis 
with pus to no signs of local infection. Experi-
mental infection with S. aureus ATCC 25923 was 
established in all four allografts that had not been 
impregnated with antibiotics. In the washing fluid 
of the extirpated bones, the number of CFU of S. 
aureus ATCC 25923 was 12 (8–21) × 106 /mL. In 
bone impregnated with netilmicin, vancomycin 
and rifampicin, S. aureus ATCC 25923 infection 
was eradicated. In 2 of the 4 allografts impregnated 
with ciprofloxacin, S. aureus ATCC 25923 at 4 × 
103 and 4 × 105 CFU/mL, respectively, grew from 
the washing fluid. The S. aureus isolates recovered 
were found by pulsed field electrophoresis to be 
genotypically identical to the infecting S. aureus 
ATCC 25923 strain (results not shown). The MIC 
of ciprofloxacin for the S. aureus isolates recov-
ered was identical to that recorded preoperatively. 

Discussion

We found that peak concentrations and the total 
amount of netilmicin, vancomycin, ciprofloxacin 

and rifampicin eluted from cortical allografts in 
vitro for 7 days were dependent on the time used 
for antibiotic impregnation of the graft. In some of 
the groups studied, we observed a considerable dis-
perse between the three parallels. The bone pieces 
were of similar weight and had similar surface 
area. They were all taken from the same cortical 
diaphysis and they all appeared macroscopically 
similar. An uneven distribution of the amount of 
Haversian and Volkmanns canals may explain the 
disparity between the three parallels. 

An accurate comparison of the elution profiles 
of the different antibiotics was not possible, due 
to the different antibiotic concentrations used for 
impregnation of the graft and the different methods 
used for determination of antibiotic concentration 
in the elution fluid. Furthermore, the antibiotics 
have different molecular weight, ranging from 331 
Da (ciprofloxacin) to 1 449 Da (vancomycin), and 
they have different polarity. However, the patterns 
of release were similar with high early release over 
a few days. For the in vitro and in vivo studies, 
we chose antibiotics that are often used for local 
prophylaxis and treatment in orthopedic surgery: 
aminoglycoside (netilmicin) and glycopeptide 
(vancomycin). Rifampicin is mainly used as a 
tuberculostaticum. However, several reports on the 
use of rifampicin when treating orthopedic infec-
tions have been published (Drancourt et al. 1993, 
Zimmerli et al. 1998). To avoid the emergence of 
rifampicin-resistant bacterial strains, rifampicin 
has been combined with a glycopeptide or a fluo-
roquinolone (ciprofloxacin). We also chose water-
soluble compounds (netilmicin and vancomycin) 
and compounds that were not water-soluble (rifam-
picin and ciprofloxacin).

When cortical bone was impregnated with 
netilmicin and vancomycin for 100 h, the total 
amount of antibiotic released per gram of cortical 
bone was approximately 7 mg. This is less than 
one-tenth of the amount of netilmicin or vanco-
mycin released from 1g of cancellous human bone 
impregnated with antibiotics for 24 h (Witsø et al. 
2002). However, a circumferential human femur 
cortical  allograft of 10 cm length weighs approxi-
mately 100 g (unpublished data). Thus, it could 
contain a large reservoir of antibiotics.

In our animal model, S. aureus was efficiently 
eradicated from an experimentally infected cortical 
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allograft impregnated with netilmicin, vancomycin 
or rifampicin. The inoculum used in this study (0.6 
× 105 CFU) is comparable to that used in other 
surface-colonizing infection models (Gristina et 
al. 1989, Zimmerli et al. 1994). According to our 
in vitro study, the peak ciprofloxacin concentra-
tion was approximately 150 times the MIC for S. 
aureus ATCC 25923 when ciprofloxacin was eluted 
from bone impregnated for 10 h. By comparison, 
the peak concentrations of netilmicin, vancomycin 
and rifampicin were 7,700, 360 and 24,000 times 
the respective MICs for S. aureus ATCC 25923, 
respectively. These observations probably explain 
the reduced antibacterial effect of ciprofloxacin-
impregnated bone in vivo. We did not observe any 
development of increased resistance against any 
of the antibacterial agents tested. To date, there 
is no proof that local use of antibiotics in ortho-
pedic surgery in general has been associated with 
the emergence of resistant strains. However, Hope 
et al. (1989) reported an increased prevalence of 
gentamicin-resistant S. epidermidis in patients who 
had been operated on previously using gentamicin-
containing bone cement. The prolonged release of 
antibiotics from antibiotic-containing bone cement 
may possibly explain this observation. 

There have been many reports on contamination 
of bone allografts during the process of procure-
ment (Deijkers et al. 1997, Journeaux et al. 1999, 
Hirn et al. 2001). Rinsing of a large bone allograft 
with an antibiotic solution after removal from the 
donor does not eradicate microorganisms effi-
ciently (Deijkers et al. 1997, Hirn et al. 2001). The 
exposure time may be too short for the antibiotics 
to be effective (Deijkers et al. 1997). However, due 
to long and extensive surgery, multiple operations, 
problems with wound healing and hematogenous 
spread of bacteria, large bone allografts are prob-
ably contaminated more often during and after the 
operation (Lord et al. 1988, Tomford et al. 1990). 
Moreover, many of these patients have malignant 
tumors and are treated concomitantly with adju-
vant radiation or immunosuppressive chemother-
apy. Although not statistically proven, Ozaki et 
al. (1997) observed a reduction in late infections 
when the intramedullary cavity of bone allograft 
had been filled with gentamicin- and vancomy-
cin-containing bone cement. The reduced risk of 
infection may be due to a reduced amount of dead 

space and sustained release of antibiotics. Thus, 
antibiotic impregnation of cortical allograft with 
high early release and an exponential decay over 
a few days might be an option when choosing an 
effective method for infection prophylaxis. How-
ever, antibiotic impregnation of cortical allografts 
may have adverse effects. In vitro studies have 
shown that a high level of tobramycin (400 mg/L) 
impairs cell replication (Miclau et al. 1995). How-
ever, no systemic adverse effects were observed in 
patients operated with impaction of netilimicin-
impregnated cancellous bone (Witsø et al. 2004). 
In an experimental study in rats, Gray and Elves 
(1981) observed that topically applied antibiotic 
powder was detrimental to the osteogenesis in 
fresh corticocancellous isograft. Subcutaneous 
injection of ciprofloxacin in an experimental rat 
model impaired fracture healing (Huddleston et 
al. 2000). However, Petri (1984) showed that the 
osteogenic activity of cephalotin- and tobramycin-
supplemented morselized cortical mineralized and 
demineralized bone was comparable to bone not 
supplemented with antibiotics. Furthermore, high 
local levels of tobramycin and vancomycin used 
in bone graft do not appear to affect bone healing 
in vivo (Lindsey et al. 1993, Buttaro et al. 2003). 
To our knowledge, no clinical studies on graft-host 
nonunion when using antibiotic-impregnated corti-
cal allografts have been performed. 

Preservation of the grafts for up to 100 h in an 
antibiotic solution might influence the mechanical 
stability of the bone. 18% fractures of structural 
allografts not impregnated with antibiotics have 
been reported (Sorger et al. 2001). Parrish (1973) 
operated on 21 patients with tumors at the end of 
a long bone, with replacement by a massive osteo-
chondral allograft. The grafts were submerged in a 
solution of 1% neomycin, to which 500,000 units 
of bacitracin was added, for 24 h before the opera-
tion. None of the patients had a wound infection. 
However, fracture of the graft occurred in 8 patients 
(38%). Although the study of Parrish was too small 
to make any definite conclusions, mechanical 
testing of ostechondral and structural allografts 
impregnated with antibiotics should be performed 
before this option is taken into clinical use. 

In conclusion, antibiotic-impregnated cortical 
allografts may act as an efficient carrier of anti-
biotics. The amount of antibiotics subsequently 
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released in vitro is dependent on the time used for 
impregnation. Cortical allografts impregnated with 
netilmicin, vancomycin or rifampicin efficiently 
eradicated S. aureus from perioperatively contami-
nated grafts in vivo. 
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