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Three methods of treatment by Cloxacillin were applied for the
prevention of deep infection of bones after artificial contamination of
fractured rat tibia, with Staphylococcus aureus. Thus, combined
intramedullary and parenteral therapy was compared with
intramedullary administration only and parenteral therapy only.

Intramedullary injection of 15 mg Cloxacillin (dissolved in water)
during surgical management of the fracture and postoperative
parenteral treatment with the same antibiotic in a dose of 50 mg/kg/day
over 14 days prevented the development of staphylococcal infection in
all animals (n=21). Cloxacillin parenteral treatment only achieved a
therapeutical effect after 42 days of application in a dose of 50 mg/kg. A
single, intramedullary injection of 15 mg aqueous solution of Cloxacillin
failed to prevent completely the staphylococcal infection. This therapy
was relatively successful till postoperative day 28, namely, there were
only 16.6% of positive results for S.aureus in relation to 40% on day 42
after the surgery.

Gross, radiological and histological changes of the operated tibia
of rats were correlated to the effects of the therapy applied. The results
of our studies suggest that, in open tibial fractures, parenteral therapy
together with intramedullary administration of antibiotics may prevent
the development of infection and shorten the parenteral therapy by a
direct effect on the contaminated injury during the first few
postoperative days.
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INTRODUCTION

In orthopedic surgery, open fractures of the lower leg are a very frequent
therapeutical problem because of possible development of infection and
osteomyelitis. In spite of a suitable approach to the management of open
fractures, i.e. fast diagnostics, early surgical wound management, and fracture
stabilization, infections requiring long-term treatment are very frequent (Court
Brown et al., 1996; Leassus et al., 2000; Hutchins et al., 2000).

In order to explain the development of posttraumatic osteomyelitis and its
sequelae as well as the efficiency of the treatment applied, a considerable number
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of studies on experimental laboratory animals (rodents and dogs) have been
carried out. These artificial fractures and artificial bacterial contamination of the
bones have served as models (Passl et al., 1984; Norden and Kennedy, 1970;
Norden et al., 1980). Different antibiotics were used for the prevention and therapy
of experimentally induced osteomyelitis. They were applied parenterally or in the
form of depot preparations that were injected into the medullary canal at the
fracture site (Norden and Shinners, 1985; Jacob et al., 1991; Perry, 1991; Garvin et
al., 1994). The studies revealed that parenteral antibiotic therapy is not always
efficient either for prevention or treatment of experimental posttraumatic
osteomyelitis (Norden, 1978; Nelson et al., 1990; Jacob et al., 1991). Believing
that a longer time was needed to achieve a therapeutical effect in bones with
parenteral antibiotic administration, Jacob et al. (1991) and Garvin et al. (1994)
applied local-intramedullary antibiotic injections for the prevention and treatment
of osteomyelitis, and they obtained a complete cure of bone infection in stabilized
fractures. However, Fitzgerald et al. (1983) and Petri (1991) concluded that local
antibiotic treatment was more effective for prevention than for treatment of
posttraumatic osteomyelitis.

In our clinical cases of osteomyelitis developed after open fractures,
Staphylococcus aureus was most commonly isolated. This staphylococcus was
also recorded as the cause of nosocomial sepsis and surgical field infection
(Jovanovic et al., 2003). Bearing in mind that parenteral treatment only as well as
local-intramedullary therapy solely were not always successful for the prevention
and treatment of osteomyelitis, we believed it would be intriguing to investigate a a
cobination treatment. A artificial fractures of rat tibia were contaminated by a
common strain of Staphylococcus aureus as a model. For prevention of deep
infection of the bones, three methods of treatment with the antibiotic Cloxacillin
were compared: 1. combined intramedullary and parenteral therapy 2.
intramedullary injection only, and 3. parenteral therapy only. The success of the
modes of treatment applied was estimated on the basis of the results obtained
from clinical, microbiological, radiological and pathohistological examinations.

MATERIAL AND METHODS

Experimental animals. Wistar male rats, weighing 200-250 g, were used in
the experimental model of treatment of artificially contaminated tibial fractures.
The animals were kept in individual cages and fed in accordance with the
regulations for care and use of laboratory animals (4).

Surgical procedure. The previously described procedures (Nelson et al;
1990), were modified with the intention to simulate a natural accidental open
fracture by an artificial break, after peritoneal anesthesia by thiopental sodium
(5mg/100gr). The operation was performed under sterile conditions. The right leg
was shaved and scrubbed with alcohol and Betadine. Following the 1-1.5 cm long
anterolateral tibial skin incision, and division of the lateral muscles, the medial tibia
was stripped and thereafter a transverse fracture was made by a small chisel-like
knife (osteotome). The medullary canal was surgically managed, while the
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fracture site was fixed with a Kirschner nail (1.5 mm) that corresponded to Ender’s
pins in human medicine (Sisk, 1987; Chapman, 1991).

Intramedullary inoculation of bacterial suspension and application of
antibiotics. A bacterial suspension of Staphylococcus aureus - strain 6538P ATCC
(American Type Culture Collection) was prepared in trypticase soy broth (TSB).
Densiometry of the bacterial suspension was carried out using a McFarland
nephelometer and a standard of 5 x 10° staphylococci/ml. After centrifugation, the
sediment was resuspended to obtain 5 x 10° colony forming units (CFU) per
100 pl of the inoculum. Following the fixation, and prior to closure of the surgical
wound, 100 ul of bacterial suspension was injected through a needle 0.6 x 25 mm
in diameter that had been placed during the operation. Thereupon, 15 mg of
aqueous solution of Cloxacillin sodium was injected through the same needle in
two experimental groups (A and B). After the needle was removed, the lower leg
incision was closed by absorbable sutures.

Experimental design — therapeutical trials. All animals, with open and fixed
fractures of the right tibia, whose medullary canal was inoculated with
Staphylococcus aureus, were divided into 4 experimental groups: A, B, C, and
DC. Groups A, B, and C were treated with Cloxacillin (Sweetman, 2002). Group
DC was given no therapy. Initially, all groups consisted of 21 experimental
animals, and they were divided into 3 subgroups containing 7 animals each. One
third of surviving animals from each group was sacrificed on day 28, 42 and 66
after the surgery (Table 1).

Table 1. Experimental design — therapeutical trials

Experimental Therapy with Duration of therapy — | Sacrifice of survived
groups *Cloxacillin days animals — days

15 mg/in 200 ul water sol. | On operative day and

A (n=21) |intramedullary and during 14, 28 and 42 28, 42, 66
50 mg/kg/8 h, sc days

B (n=21) 15 mg/in 200 ul water sol On operative day 28, 42, 66
intramedullary

C (n=21) |50mg/kg/8h, sc 14, 28 and 42 28, 42, 66

DC (n=21) |No therapy 14, 28 and 42 28, 42, 66

*Cloxacillin Sodium -1,09 monograph substance in 1 g anhidrou cloxacillin (Cloxipen- Beecham)
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Clinical examination. The health of the rats was monitored by measuring the
body weight and body temperature, during the first seven days and afterwards
once a week. Gross pathological changes of the operated tibia were classified
according to Nelson et al., (1990) using a semiquantitative scale ranging from 0-4.
“0” —no changes; “1” — only erythema without any other changes; “2” — erythema,
tibial shaft thickening, new bone formation; “3” — abscess with new bone
formation, fistula or purulent exudate; and “4” — severe bone destruction, abscess
involving at least 50% of the tibia.

Microbiological testing. After the animals were sacrificed, the bone tissue
from the fracture site was sampled out, under aseptic conditions, for
bacteriological examination. The finding of Staphylococcus aureus colonies,
minimum one, in the bacteriological culture medium indicated persistent bone
infection and inadequate treatment.

Radiological evaluation. Radiological evaluation was based on
anteroposterior and lateral views of the operated tibia after the rats were
sacrificed. The reactions of the periosteum, formation of callus and sequestra,
bone destruction and development of disease, were all monitored
radiographically.

Pathohistological evaluation. Following the sacrifice of the animals, the
whole tibia was amputated. Bone sections were sliced, fixed in 10% buffered
formaldehyde, placed in paraffin molds, and then cut by microtome in slices 5-
7 um thick. The preparations were stained by the standard histological methods:
hematoxylin-eosin.

RESULTS

Clinical results

Loss of body weight was noted in all animals during the first seven days after
surgery. During this period, body temperature was slightly increased in groups A,
B and C that were treated with antibiotics, while it was extremely high in the
untreated group DC, ranging from 39°-40° C.

The results of gross examination of the operated tibias revealed that
changes, according to the Nelson semiquantitative scale, ranged from “0” to “2”,
in the treated groups A, B and C, i.e. no changes or insignificant erythema and
thickening of the tibial shaft (lower leg circumference). On postoperative day 42,
an abscess accompanied with new bone formation was manifested in one animal
from group B, giving an intramedullary injection of Cloxacillin (score “3”). The
scores of gross changes in the untreated group D-C ranged from “3” to “4”, which
suggested the presence of abscesses, fistulae and bone destruction in the
operated tibia (Table 2).

On day 28 after the operation, the mean value of the score for gross
changes in the operated tibia showed, according to the Mann-Whitney test, that
there was no difference between the treated groups A, B and C. However, the
differences between these three groups and group D-C (no therapy) were
significant (p<0.001 and p<0.005). In the second postoperative observation
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period, on day 42, groups A and C remained differentiated from group DC
(p<0.005), while the results were worse in group B and were close to those for
group DC (p>0.05). A significant difference was found between groups A and C,
and group B ( p<0.005). On day 66, all mean score values for groups A, B and C
were better than in group DC (Figure 1).

Table 2. Scores for gross (macroscopic and bacteriological ) findings in the
operated tibias of the experimental rats

Goup | Dol | Suvea | Cpossichnelogy | Posie bone
animals No - %
A 7 “17/6 and “2”/1 0-0
B 08 6 “17/2 and “2”/4 1-16,6
C 6 “1”/3 and “2”/3 1-16,6
DC 3 “3"/3 3-100
A 7 “0”/3 and “17/4 0-0
B 42 5 “2”/4 and “3"/1 2-40
C 6 “0”/3 and “1”/3 1-16,6
DC 2 “3”/2 1-50
A 7 “0”/5 and “17/2 0-0
B 66 5 “17/2 and “2”/3 1-16,6
C 7 “17/6 and “2”/1 0-0
DC 4 “3”/2 and “4”/2 3-75

*legend in the text

Sr F(6,56)=4.90; p<0.004
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Figure 1. Mean score values for the studied animals
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Bacteriological examination

Bacteriological examination of the specimens of operated tibial bones taken
from all surviving animals (n=21) of group A, treated by combined parenteral and
intramedullary antibiotic therapy revealed no Staphylococcus aureus. In the 16
surviving animals of group B, treated only by an intramedullary injection of
Cloxacilline, S.aureus was isolated in 4 (25%) bone specimens. In group C, given
parenteral therapy for 14, 28 or 42 days, S.aureus was recovered in 2 (10.5%) of
the 19 surviving animals. In group DC, without antibiotic therapy, 9 animals
survived until day 66 after the surgery. S.aureus was isolated in 8 (88.8%) tibial
specimens (Table 2).

Statistical analysis by Fisher’s test showed that, 28 days after the surgery,
there was no significant difference between the treated groups A, B and C
(p>0.05) regarding the extent of infection in relation to the therapy applied (mode
of treatment). All three groups were significantly distinguished from the untreated
group DC (p<0.005). After 28 days therapy (time of sacrifice — day 42), a
significant effect was achieved in groups A and C in comparison with group B. No
significant difference in the extent of infection was found after 42 days therapy in
groups A and C (sacrifice on day 66). Nevertheless, there was a significant
difference between groups A and C, and group B.

Radiological analysis

Radiographic examination confirmed that the Kirschner wire was in place in
the operated animals from groups A, B and C (Figure 2). The degree of bone
union at the fracture site was the most prominent in group A, and somewhat
delayed healing was noted in group C (not
before day 66 after the operation).

In group DC, without antibiotic
treatment, radiography revealed apparent
osteolysis, with wire migration and necrotic
bone. Signs of osteomyelitis were evident on
the X-ray film.

The criteria according to Nelson et al.
(1990), used for evaluation of gross pathology
in the operated tibias (Table 2), correlated with
the reported radiological changes.

Pathohistological analysis

Pathohistological analysis showed a
minor inflammatory process in the groups
treated with Cloxacillin. In these groups,
especially in groups A and C, lymphocytic
infiltrates neither passed through the
metaphyseal plate nor entered the joint space.
Histologically, newly formed callus bone was
the most marked in group A, with connective

Figure 2. Radiography of an oper-

ibia f A . - )
3fyd6tg‘?'§hgﬁ’vﬁg‘?;‘;ﬁgﬁo’faﬂ tissue filling the fracture line. On day 28 after

the fracture site surgery, this had transformed into young bone
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tissue with disoriented trabeculas (Figure 3). In group DC, without antibiotic
therapy, lymphocytic infiltrates penetrating the metaphyseal plate were detected
in two animals on day 66 after the operation. In rats of this group, the fracture line
unfilled with bone tissue persisted for some time.

Figure 3. Pathohistological specimen of a operated tibia from group A, showing young
new bone formation (arrow), Hematoxyllin Eosin staining, magnification 10x10

DISCUSSION

Recent studies on experimental models of artificial fractures and
osteomyelitis developing after bacterial inoculation, have enabled the application
and evaluation of different methods of surgical and medicamentous treatment
(Nunmaker, 1998; Rissing et al., 1985; Dahners and Funderburk, 1974).

Our option for the cause of infection in this experimental model was
Staphylococcus aureus, as in human orthopedic surgery it is, the cause of
infection in 37.5% of open tibial fractures (Klemm, 1980). In addition, since this
infection is most frequently seen in the lower extremities, the tibia of the rat was
used as a model. In contaminated fractures, early administration of antibiotics is
extremely important, in order to prevent osteomyelitis in 3" degree open fractures
where the infection develops in 50% of cases (Nunmaker, 1998; Chanda et al.,
1996; Hutchins et al., 2000).

In order to minimize the systemic intoxication that is often associated with
long-term antibiotic treatment, Klemm (1980), Perry and Pearson (1991) and
Garvin et al., (1994) recommended local intramedullary therapy. Different delivery
systems have been used for more effective and successful effects of local
antibiotics. Garvin et al. (1994) succeeded to manage completely the stabilized
staphylococcal osteomyelitis of canine tibia using a polylactide/polyglycolide-
entamicin implant. Using bone allografts with added antibiotics, Petri (1991)
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achieved fast healing and prevention of staphylococcal infection of artificial
fractures of rabbit mandible. The studies by Klemm (1980), Mackey et al. (1982)
and Walenkamp et al.(1986) showed that the application of antibiotics at the site of
injury resulted in a high concentration of the drug and its rapid action, in contrast
to systemic treatment.

Our studies on the effectiveness of three therapeutical methods for the
prevention of osteomyelitis, in the model of staphylococcal contamination of
artificial fractures of rat tibia, verified that an intramedullary injection of Cloxacillin,
during surgical management of the fracture, along with postoperative parenteral
treatment with the same antibiotic, for 14 days, prevented S.aureus infection in all
tested animals.

Parenteral therapy alone with Cloxacillin for 14 or 28 days after the surgery,
failed to prevent the development of staphylococcal infection of the tibial fracture
in the 16.6% of the animals at both times. However, after 42 days of treatment with
Cloxacillin, bacteriological findings in all surviving animals (n=7) were negative.

Application of Cloxacillin to the medullary canal only did not completely
prevent staphylococcal infection at any of the times examined. This therapy was
fairly effective until day 28 after the operation, because positive results were found
in only 16.6% of the animals in relation to 40% of positive animals on day 42 from
the surgery. Although Cloxacillin injected intramedullarlily was relatively short-
acting, its effect in group A, which was given combined intramedullary and
parenteral therapy, shortened considerably the time for successful parenteral
treatment, that is, 14 days in comparison with the 42 days necessary to manage
the infection by parenteral treatment only.

Employing 14-day parenteral ampicillin anhydrate therapy, Jacob et al
(1991) prevented staphylococcal osteomyelitis in all treated rabbits. An
intramedullary injection of microencapsulated ampicillin was also very effective,
while the intramedullary therapy with an aqueous solution of ampicillin prevented
the infection in 3 out of 4 treated animals.

Gross pathological changes of the operated tibia were correlated with the
effects of therapy. Scores of “3” and “4” (Nelson, 1990) were recorded in animals
of the control untreated group and in a single rat from the group given
intramedullary therapy only, always indicating the presence of S.aureus in the
bones.

The verified radiological and histological changes in the rat tibia (extensive
bone destruction and fracture line without bone tissue filling) were almost
identical to the changes reported in persons with untreated or inadequately
treated fractures of the lower leg (Chapman 1991; Sisk 1987.).

The results of our study suggest that open tibial fractures require fast and
thorough surgical wound management, fixation-stabilization of the fracture and
combined intramedullary-local and parenteral, systemic treatment. A direct effect
of antibiotics on a contaminated injury may be achieved by intramedullary
treatment, and together with parenteral therapy during the first postoperative days
(hours), the development of infection may be prevented, until the drug
susceptibility test is obtained and an adequate treatment is introduced -target
therapy (Harley et al; 2002). The use of a carrier that will release the antibiotic for a
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longer period and consequently prolong its effect would be helpful for the
treatment of chronic osteomyelitis, while in the initial treatment of open fractures,
the application of aqueous suspensions of certain antibiotics (Cloxacillin) is quite
acceptable.
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ARTEFICIJALNI OTVORENI PRELOMI TIBIJE LECENI KLOKSACILINOM
LESIC A, BUMBASIREVIC M, BUMBASIREVIC V, KRSTIC Ni TATICV

SADRZAJ

Na modelu arterficijalnog preloma potkolenice pacova i posle arteficijalne
kontaminacije sa Staphylococcus aureus-om, u cilju spre€avanja duboke infekcije
kostiju primenjene su tri metode le€enja antibiotikom Kloksacilinom: 1 kombino-
vana intramedularna | parenteralna terapija koja je poredena sa: 2. samo intrame-
dularnom i 3. samo parenteralnom terapijom Kloksacilinom.

Intramedularna inokulacija 15 mg Kloksacilina (rastvorenog u vodi) u toku
hirurSkog zbrinjavanja preloma i postoperativnog parenteralnog le€enja istim
antibiotikom u dozi od 50 mg/kg dnevno u toku 14 dana, sprecila je nastajanje
stafilokokne infekcije kod svih zivotinja (n=21). Samo parenteralnim leGenjem
Kloksacilinom postignut je terapijski efekat posle 42 dana davanja u dozi od
50 mg/kg. Jednokratnom, intramedularnom aplikacijom 15 mg vodenog rastvora
Kloksacilina nije u potpunosti sprec¢ena stafilokokna infekcija. Ova terapija bila je
uspesnija do 28-0g postoperativnhog dana (16,6% pozitivnih nalaza S.aureusa, u
odnosu na 40%, 42-0g dana posle operacije).

Makroksopski, radioloski i histoloSki promene na operisanoj potkolenici pa-
cova bile su u skladu sa efektima primenjene terapije. Rezultati nasih istrazivanja
ukazuju da kod otvorenih preloma potkolenice uz parenteralnu terapiju, intrame-
dularna aplikacija antibiotika, zbog direktnog delovanja u kontaminiranoj povredi,
u prvim postoperativnim danima spre€ava razvijanje infekcije i skracuje period
parenteralne terapije.



