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INTRODUCTION 

Osteomyelitis is a bone infection that can 

initiate due to a nearby trauma or infection. The 

microorganisms chargeable for the infection are 

typically pyogenic bacteria.The most frequent 
infectious agents are inorder of occurrence 
Staphylococcus aureus (S. aureus), Streptococcus 
(groups A and B), Haemophilus influenzae, and 
Enterobacter species (14).
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ABSTRACT

Aim: to evaluate the effectiveness of fosfomycin and Diode laser treatment in experimental 
osteomyelitis induced by MRSA in rabbits.

Methods:  Osteomylitis Infection was induced in the tibiae of thirty rabbits  by the injection 
of a bacterial inoculum (7 x 106 CFU/ml) of a clinical MRSA isolate two weeks after infection, 
each animal was assigned to a treatment group:  Group ( 1) include 10 animals were left untreated 
Group (2); Fosfomycin monotherapy at 75 mg/kg of body weight once daily (n_10), Group 3: (n = 
10) rabbits were treated for 2 weeks with Diode laser 940 nm .After a 2-week treatment period, the 
animals were euthanized, and the infected tibiae were processed for quantitative bacterial cultures 
and bone density measurement .  

RESULTS: bone culture from bone was positive for MRSA in all groups with no significant 
difference (p value <0.302). Based on bone density measurement; bone density was higher level 
at laser group followed by antibiotic FOF group then control group but there is no with significant 
difference p value <0.15. Correlation between bacterial count and bone density yield significant 
difference in control group with p value <0.03.

Conclusion: The difference between laser group and fosfomycin group not significantly differ-
ent between the two methods for modeling rabbit.  However, histopathological method is recom-
mended because it has certain increase confirmation which line of treatment was viald.
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Staphylococcus aureus (S. aureus) is the 
most commen pathogen causing osteomyelitis(1).
The growing number of methicillin-resistant 
Staphylococcus aureus (MRSA) isolates reduces the 
antimicrobial treatment alternatives (2). Vancomycin 
has been used for treatment of MRSA since 1954 and 
it is the drug of choice within the treatment serious 
MRSA infections worldwide (3). The emergence of 
vancomycin resistance represents a prime problem 
in the remedy of deep-seated infections, such 
asosteomyelitis (4) so there are an pressing need for 
alternative antibiotics.

Fosfomycin (FOF) a broad-spectrum antibac-
terial agent owning a completely unique chemical 
structure, particular pharmacologic functions and 
a loss of toxicity, is a promising drug for scientific 
use. it’s miles lively in opposition to diverse Gram 
positive and  Gram negative  bacteria, which in-
cludes difficult-to-deal with pathogens inclusive of 
MRSA, penicillin-resistant pneumococci, and pro-
longed spectrum- lactamase-producing Enterobac-
teriaceae(5,6). FOF is bactericidal and inhibits bacte-
rial cell wall biogenesis (7).

 FOF has particular pharmacological traits and 
penetrates nicely into osseous tissue (8). It has proved 
to be clinically useful for the treatment of acute and 
persistent osteomyelitis (9). FOF has been shown 
quite powerful within the treatment of experimental 
MRSA osteomyelitis in vitro and in vivo (10&11). 

The rapid development of laser technology 
and wide range of characteristics new lasers are 
now available and being used in various fields of 
dentistry (13). laser energy in differing wavelengths 
and irradiation regimes has a potential bactericidal 
effect on Staphylococcus aureus. laser phototherapy 
with the appropriate irradiation parameters appears 
to be a promising adjunct and/or alternative 
technique to pharmacological agents in the treatment 
of osteomyelitis (15).

MATERIALS AND METHODS 

Animals: The study was done in compliance 
with national and international standards for the 
protection of animals used for scientific purposes, 
and the project was approved by the ethics 
committee of the faculty of veterinary, Cairo 
University, Egypt. The experiment was conducted 
in the faculty of veterinary, Cairo University, Egypt. 
The animals that were used were New Zealand 
White rabbits, male and female. The rabbit mean 
age at the beginning of the experiment was 7 
months and average individual weight was 1500 
g. Rabbits were maintained in a temperature-
controlled accommodation (16-21C degree). The 
food and water were provided ad libitum throughout 
the experiment period. Accommodation was done in 
specific cages, 2-3 rabbits in cage. 

Bacterial strain: The clinical MRSA strain 
used in the study was obtained from patient have 
bacterima undergoing treatment at Egypt Children 
hospital for health insurance. 

In vitro susceptibility testing of Fosfomycin: 
The minimum inhibitory concentration (MIC) of fos-
fomycin for MRSA strain was determined by agar 
dilution supplemented with Glucose-6-phosphate 
(25 mg/L), according to the recommendations of the 
Clinical and Laboratory Standards Institute (12) and 
result were interpreted according to European com-
mittee on antimicrobial susceptibility testing criteria 

(17) (susceptible, ≤32mg/L; resistant, ≥64mg/L).

Induction of osteomyelitis infection: Each 
Rabbit was anesthetized with ketamine and xylazine, 
and the left hind leg was shaved and disinfected 
with polyvinyl pyrrolidine-iodine. An 18-gauge 
needle was inserted percutaneously through the 
lateral aspect of the left tibial metaphysis into the 
intramedullary cavity then 0.1ml of MRSA (7 x 106 
CFU/ml). 

Treatment groups: After 2 weeks as an incu-
bation period, osteomyelitis of the tibia were con-
firmed radiographically. The animals groups In 
this study we used 30 rabbits divided into THREE 
groups as follows:
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Group 1: (control group, n = 10) was infected 
but left untreated for the duration of the study. 

Group 2: (antibiotic group, n = 10) rabbits were 
treated for 2 weeks with fosfomycin .  

Group 3: (n = 10) rabbits were treated for 2 
weeks with Diode laser 940 nm .

 Antibiotic preparation : Fosfomycin ( FOF) 
powder was dissolved in sterile water and admin-
istered intraperitoneally at a dose of 75 mg/kg once 
daily.(Fig. 1)

Laser irradiation : Deep tissue hand piece 
of Biolase diode laser 940nm ± 10 nm used to 
administrate 4 watt 480 joul for 120 second to 

induce biomodulation effect for two weeks 3time in 
each week  at site of injection infection. (Fig. 2a,2b 
and Fig. 3).

Bone cultures and bacterial counting: Rabbits 
were sacrificed 24 hours after the completion of 
antimicrobial therapy; both tibias were removed 
aseptically, dissected free of all soft tissue, and 
processed for bacterial cultures. The proximal and 
distal ends of the tibia were swabbed and streaked 
onto blood agar plates to check for any bacterial 
growth then placed into tubes containing 5 mL of 
sterile trypticase soy broth. Plates and tubes were 
incubated at 37°C for 24 h and growth and/or 
turbidity recorded. 

Fig. (1) Unconcious Rabbit during induction Fosfomycin 
antibiotic .

Fig. (2b) Biolase diode laser with adjusted parameters .

Fig. (2a) Deep tissue hand piece of Biolase diode laser 

Fig. (3) Laser application to rabbit tibia .
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Radiographic evaluation: Radiographic 
monitoring was done by examination of both tibia 
of the rabbits immediately after  sacrifice, using 
a digital image  capture device photo-stimulable 
phosphor plates Digital Radiograph. Digitized 
images were manipulated using the special software 
of the Digora system (Orion Corporation, Soredex, 
Medical system, Helsinki, Finland) and bone 
density measured. Data Collected for all group and 
statically analysized. Measurement was done at 
different time intervals by three doctors, radiology 
specialists, independently of each other. (Fig4.)

Statistical analysis of experimental data:

The mean and standard deviation were calculated 
for all and raw data. Fisher’s exact test was used 
to assess the significance of bacteria clearance 
among the treatment groups. Differences between 
the groups were deemed statistically significant if 
P≤0.05.

RESULTS AND DISCUSSIONS

MICs of FOF:  The MIC of the used MRSA 
strain was 0.5. µg/ml. 

Treatment was began on day 14, and were 
not included in the data analysis. In this study, a 
fosfomycin monotherapy of 75 mg/kg of body 
weight once daily yielded no difference compared 

to control group and laser group .This However 
Schintler et al. demonstrated that the currently 
approved FOF dosage of 100mg/kg body weight 2 
or 3 times a day results in bone tissue concentrations 
that work against relevant pathogens, including 
MRSA (8). This extremely good penetration of FOF 
into osseous tissue will become specifically vital on 
the subject of reviews linking the development of 
bacterial resistance to subinhibitory concentrations 
of antibiotic on the target site (18, 19 & 20). 

FOF monotherapy was found to be effective in 
the treatment of experimental MRSA osteomyelitis 
in rats in a study done by Poeppl et al (10).Also  
fosfomycin monotherapy  was effective in the 
treatment of implant-associated and non-implant-
associated osteomyelitis when fosfomycin was used 
in a dosage of 75 mg/kg (21). fosfomycin monotherapy 
of 40 mg/kg of body weight once daily was superior 
to daptomycin or no treatment in a study done by 
Lingscheid et al.(22)

FOF has been used in combination and as mono-
therapy in a wide range of clinical settings for sev-
eral decades (9) FOF is usually combined with an-
other antibiotic agent to prevent the development of 
FOF resistance (23). The combination of daptomycin 
and fosfomycin has been evaluated in different ex-
perimental settings. An in vitro study demonstrated 
enhanced antibacterial activity of linezolid, minocy-
cline, vancomycin, and teicoplanin against isolates 
of MRSA after the addition of fosfomycin (22).

In conclusion FOF was found to have potent 
antimicrobial activity against multiresistant Gram-
positive pathogens, including those with reduced 
susceptibility to glycopeptides, and this finding 
justifies the evaluation of FOF monotherapy in the 
treatment of osteomyelitis in humans.

Bone cultures and bacterial counting:

Bacterial cultures from bones were positive for 
MRSA in 8 out of 10 (80%) animals in the infected 
untreated group, in 9 out of 10 (90%) animals in 
the fosfomycin-treated group and 9 out of 10 (90%) 

Fig. (4) Radiographic bone density measurement .
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animals in the laser treated group, The median 
bacterial count in the studied group listed on table 1. 

No significant difference was found in the bone 
cultures between the treatment groups and the 
infected untreated group P value 0.302. (Fig . 5)

Radiographic evaluation :

Among various clinical situation bone density 
and bone healing may directly affect bone forma-
tion. (16).  In agreement to these reports , radiographic 
bone density was also assessed in the current work 
after laser application 

As laser phototherapy with the appropriate 
irradiation parameters appears to be a 
promising adjunct and/or alternative technique 
to pharmacological agents in the treatment of 
osteomyelitis (15). comparing bone density between 
control non treated group , antibiotic group and 
laser group we found as in Fig. (6) that highest bone 
density was laser group follow by antibiotic and last 
was control group but statically p-value was 0.157 
with non- significant  difference . So, The results 
of present study indicate that laser phototherapy has 
non- significant  difference effect on the healing of 
infected bone with MRSA(Table 2 and Figure  6).

Fig. (5) Graphical representation difference in bacterial count 
between three group 

Fig. (6) Graphical representation difference in bone density  
between three group 

TABLE (1): Bacterial counts in the studied groups

Groups (Infected)
Bacterial count CFU/ml ANOVA

Range Mean ± SD F P-value

Control group 0 - 5 2.167 ± 1.941

1.298 0.302Antibiotics group 0 - 9 4.667 ± 3.386

Laser group 0 - 7 4.000 ± 2.828

TABLE (2): Bone density in the studied groups:

Groups (Infected)
Bone density ANOVA

Range Mean ± SD F P-value

Control group 58.8 - 169.8 128.727 ± 40.883

2.097 0.157Antibiotics group 114.6 - 171.36 147.818 ± 26.132

Laser group 124.02 - 193.9 165.902 ± 24.739
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Correlations between bone density and bacterial 
count results :

All the collected data of bone density correlated 
to  bacterial count showed no significant differences 
between groups except in control group there was 
significant correlation with p value 0.032 (table 3 
and figure 7). 

TABLE (3): Correlation between bacterial counts 
and bone density in the studied groups:

Correlations

Bacterial count CFU 
Infected

Bone density

r P-value

Control group -0.851 0.032*

Antibiotics group 0.168 0.750

Laser group -0.441 0.381

Correlation between bacterial count and bone 

density not enough for recommendation.

Recommendation 

We recommended to do more procedure as 

histopathological examination to confirm between 

radiographic bone density and bacterial count 
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