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ABSTRACT. Infections of locomotor apparatus are among major complications in the 

orthopaedics and traumatology. They are often localized deep and require long-term therapy. The aim 

of an in vitro experiment was to find out to what extent vancomycine fixed to the bone grafts is 

potentially usable for the therapy of important infections. 

Antibiotic concentration in mg/l was measured by high-efficiency fluid chromatography from 20 

samples in certain intervals for the period of 16 days. 

Concentration of released vancomycine was ranging highly above MIC for VISA for the whole period 

of observation. We have measured maximum mean antibiotic concentrations between 2nd and 4th day. 

Antibiotic concentration that is able to inhibit causing agent at the infectious location is a fundamental 

condition of successful antibiotic therapy. Local application of an antibiotic can in certain situations 

compensate limits of systemic administration and reduce general systemic therapy.  

Vancomycine levels released from bone grafts highly exceeded MIC for methicillin-resistant strains of 

Staphylococcus aureus and coagulase-negative staphylococci for the whole period of observation. 
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Different results are published in the Witso´s work, who reports in his in vitro trial about lower 

vancomycine levels than MIC as early as after two weeks.  

The experiment performed in laboratory conditions proved efficiency of bone grafts as vancomycine 

carrier. Measured concentrations highly exceeded MIC to vancomycine sensitive staphylococci and 

VISA during 16 days. 

 

Infections of locomotor apparatus belong to major complications in the orthopaedics and 

traumatology. They are often localized deep and require long-term therapy. Eradication of their 

bacterial causers does not have to be always safe, which is related to frequently poor accessibility of 

systemic antibiotics into an infection location and to presence of bacteria in biofilm. This problem is 

currently even complicated by a significant rise of bacterial resistance to antibiotics. Staphylococci 

that are most frequent causers of infectious complications in the orthopaedics and traumatology are an 

example of these unfavourable trends.( Boucher et al. 2010, Bahrs et al. 2006, Džupa et al. 2008a, 

Džupa et al. 2008b, Gallo et al. 2006, Gallo et al. 2009, Jahoda et al 2006a, Jahoda et al. 2006b, 

Jahoda et al. 2007, Jahoda et al. 2008a, Jahoda et al. 2008b, Jahoda et al. 2008c, Meani et al. 2008, 

Nejedlý et al. 2007, Krbec et al. 2004).  Methicillin resistant strains of Staphylococcus aureus(MRSA)  

and coagulase negative staphylococci (MRCoNS) thus present considerable limitations in selection of 

effective antibiotics either for prophylaxis or treatment. (Parvizi et al. 2009). It is known, that 

resistance to methicillin and related resistance to all beta-lactam antibiotics is e.g. in endemic clones of 

MRSA connected with resistance to all other groups of antibiotics (macrolides, lincosamides, 

fluoroquinolones) (Melte et al. 2004)  

One of the chances how to increase therapeutical potential and reduce impacts of unfavourable 

development of resistance to antibiotics, there is a use of local application of antibiotic, that has 

already had a long tradition in the orthopaedics. This way, in case of  properly chosen strategy, brings 

number of advantages – high local antibiotic concentration, reduction of undesirable effects related to 

systemic administration and reduction of risk of creation of resistance (Campoccia et al. 2010). 

Antibiotics considered, thanks to its stability, as proper ones for local therapy are particularly 

glycopeptides, aminoglycosides, macrolides and lincosamides (Randelli et al. 2009). Vancomycine as 

a representative of glycopeptide group is among preparations that currently belong to fundamental 

medicaments used for the treatment of heavy infections caused by MRSA and MRCoNS. Its 

disadvantage can be, in case of systemic administration, relatively frequent incidence of undesirable 

effects and nephrotoxicity hazards, especially in cases where high doses are applied for the purpose of 

reaching sufficient inhibition concentration in the infectious location (Cunha 2008). Therefore 

optimally selected local use of vancomycine, where it is possible, presents i.a. epidemiologically more 

safe variant regarding risks of onset of resistance due to low (subinhibition) concentrations, that can 

not be excluded in systemic, especially long-term therapy (Campoccia et al. 2010). 



 

 3 

The goal of an experiment was to find out to what extent vancomycine is potentially usable for 

local therapy of osteomyelitis. There is number of local antibiotic carriers utilizable in the 

orthopaedics and traumatology. They can be divided e.g. by structure on systemic polymers, natural 

polymers, ceramics, composites and bone grafts. Polymethylmetacrylate (bone cement) is the most 

frequent carrier of antibiotics. Compared to other types of carriers it is rigid, and it has to be finally 

extracted. Collagen sponge with gentamycine of vancomycine is another frequently used carrier. We 

have chosen for our experiment bone grafts for their suitable qualities, e.g. biocompatibility, ability of 

osteoinduction, osteointegration and re-shaping by actual local needs of operated infected bone and 

also for their relatively easy availability, costs and generally positive experiences reported in the 

literature and in our department  (Buttaro et al. 2003, Buttaro et al. 2005a, Buttaro et al. 2005b, 

Buttaro et al. 2007, Jahoda et al. 2008b, Winkler et al. 2000, Winkler et al. 2006, Winkler et al. 2008, 

Witso et al. 1999, Witso et al. 2000, Witso et al. 2005). If using vancomycine for local application by 

bone grafts, there are sufficient antibiotic concentrations, according to available literature, for the 

period of about two weeks (Buttaro et al. 2003, Meani et al. 2008, Witso et al. 1999). Therefore we 

have chosen 16-day interval of observation.  

Material and methods 

We have chosen morselized cancellous bone grafts impregnated by vancomycine (Edicin®) as 

a local antibiotic carrier for an in vitro experiment. Each from 20 samples was prepared in sterile 

conditions. We have obtained all bone grafts from femoral heads of patients undergoing hip joint 

replacement after their written agreement. Fibrous tissue, cartilage and cortical layer were removed 

from bone grafts gained within surgery. We have milled cancellous bone in a standard bone mill 

(ProSpon, 4,5 mm inlet of a shredder). Grinded bone grafts were impregnated by vancomycine powder 

by thorough mixing up for 15 minutes in a ratio 10g of bone grafts to 0,1 g of Edicin®. The ratio of 

10g of bone grafts and 0,1 g of Edicin® was chosen to minimize an error when setting vancomycine 

concentration by preliminary measuring. We have weighted the mass of bone grafts and antibiotic by 

analytical scales. We took away 10 one-gram samples from bone grafts impregnated by vancomycine. 

Single samples of bone grafts were inserted into sterile gauze and tied up firmly. Then the samples 

with gauze were put into sterile 50ml test tubes, that were filled by 20ml of phosphate buffer (pH 7,4). 

Test tubes were placed into thermoregulator (37 °C) for 16 days. In above mentioned periods 100 µl of 

buffer was taken away from each test tube and then it was refilled by the same amount of fresh buffer. 

We picked this way of the level monitoring, because we assume, it corresponds better to the organism 

environment. Mass concentration of vancomycine released from bone grafts into a buffer was 

determined by high-efficiency fluid chromatography with UV detection in 230nm (Agilent 1200, 

Agilent Technologies, USA). Vancomycine levels were measured in laboratory temperature of 21 °C, 

on the colony of Purosphere RP-18e (125x3,5 mm, 5 µm, Merck), in a 0,5 ml/min flow rate of mobile 
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phase (acetonitrile, distilled water, phosphoric acid, pH 2,8). All used chemicals fulfilled HPLC 

quality. 

Method was at first validated for measuring of an exact form of vancomycine from phosphate 

buffer.  

Results were statistically compiled with the aid of Statistica 6.0 programme. Statistical 

compilation of results is demonstrated as an average and a standard deviation from 20 independent 

measurations. We used t test for comparing a significance of concentration difference between 

particular time intervals. 

 

Results 

During the first hour of measuring we recorded vancomycine levels highly exceeding MIC for 

VRSA, when almost 33% of impregnated vancomycine of all amount got released. After that, between 

first and fourth hours, elution is slower, but the quotient of released vancomycine in given interval is 

almost equal. From the 5th hour after carrier application, the pace of antibiotic releasing gradually 

slows down. After 12 hours from implantation we measured mean concentrations of released 

vancomycine - 420,98 mg/l, which corresponds with 84,2 % from highest possible vancomycine 

concentration in one sample. We measured maximum mean concentrations of released vancomycine, 

and at the same time its entire amount in surrounding buffer, between 2nd and 4th days (table 1), 

whereas concentration in this period can be regarded as steady, because there is no statistically 

significant difference between these two values (p>0,005). After reaching maximum mean 

concentration (2nd to 4th days) we recorded decrease of vancomycine concentration until the end of 

measurement, i.e. 16th day, by 167,42 mg/l.  

Single mean vancomycine concentrations in mg/l (Mean), potency of T – test (T)  and 

significance (p  value) between time periods are documented in a table 1. Graphic demonstration of 

dynamics of vancomycine release from bone grafts in it´s mean concentrations is depicted in graph 1. 

 

Discussion 

Concentration of antibiotic capable to inhibit etiology agent in infectious location is a basic 

premise for successful antibiotic therapy. In case of osteomyelitis it is not always easy to meet this 

condition. If generally administered, many antibiotics have only limited penetration into bone tissue, 

for instance in case of beta-lactam antibiotics it is only 10 to 20 % of serum concentrations (Fraimow 

2009). Probability of treatment failure then rises if there is existing lower sensitivity of 

microorganism, or apparent resistance to administered antibiotic.  

It is not always possible to prove a causer in a laboratory and empirical use of antibiotic 

results from a hypothesis that the most likely causal organism is S.aureus. (Fraimow et al. 2009).  

Expectation of MRSA incidence is regionally different, in case of not knowing the progenitor 

of particular infection, the choice of antistaphylococci antibiotic must respect local epidemiological 
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situation. Regarding a fact that this infection requires administration of maximum doses for a period of 

at least one month, probability of incidence of undesirable effects and toxic damage increases (Faden 

and Faden 2009).  

 Local antibiotic application can in certain situations compensate limits of systemic 

administration and reduce duration of general systemic treatment.   

There are many different kinds of antibiotics and local carriers available in the orthopaedics 

and traumatology. Costs, mode and pace of impregnation by antibiotic, biocompatibility and spectrum 

of sensitivity of used antibiotic are among major problems. We consider Vancomycine as a suitable 

antibiotic both by spectrum of effect, covering all possible gram positive causal organisms including 

MRSA, and relatively low price and for other features and also for long-term experience with it´s local 

application (Buttaro et al. 2005, 2007, Witso et al. 1999, Winkler et al. 2006, 2008). In addition, this 

antibiotic in local concentration up to 1000 mg/l has none or minimal effect on osteoblast replication 

(Edin et al. 1996). HPLC method was selected for determining of antibiotic concentration in buffer 

solution for its high specificity and sensitivity (Dorothy et al. 1998). We chose an amount of extracted 

buffer sample (100 µl) for setting the concentration of released vancomycine because this way of 

extraction corresponds better with organism model in comparison with extraction of a buffer from 

sample. Moreover this way of extraction revealed long-term changes in vancomycine concentrations 

eliminated into partially permeable space. 

Witso´s work similarly deals with vancomycine releasing from bone grafts. In his in vitro trial 

he reports of highest speed of increasing of antibiotic concentration during the first observation too, 

i.e. in the first day. After two weeks vancomycine levels were already under MIC (Witso et al. 1999). 

In another study, performed in vivo by Buttar, vancomycine concentration was derived from drainage 

fluid. He measured maximum antibiotic levels after 5 to 9 hours from application of bone graft with 

antibiotic (Buttaro et al 2005b). Witso took entire amount of buffer away from test tubes, and 

measured antibiotic concentration by immunochemical method (bioassay). Difference in volumes of 

extracted buffer in comparison with our experiment most probably results that Witso recorded 

vancomycine levels under MIC already after two weeks.  

It was possible to expect the differences between results and the study performed in vivo by 

Buttaro. Amount of released vancomycine was measured in his drainage fluid, i.e. from closed 

compartment as in in vitro study. And Buttaro applied vancomycine into osteomyelitic site. The 

principle of  correspondence of Buttaro and Witso´s results with ours lies in a fact that most of the 

antibiotic was released during the first measurement. It means that in  in vivo situation the highest 

levels of vancomycine are reached within first hours, then the pace of antibiotic elusion slows down. 

According to our study levels of vancomycine would range above MIC, even after 16th day, inhibiting 

not only sensitive staphylococci, MRSA and MRCoNS ( MIC < 2 mg/l), but even staphylococci with 

limited sensitivity to vancomycine (vancomycin-intermediate), or medium sensitive strains of 
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Staphyloccocus aureus (VISA, MIC: 4-8 mg/l ). (Appelbaum 2007, Bert et al. 2009, Chang et al. 

2003). 

Regarding minimal dilution within extraction of buffers from samples, we recorded such a 

decrease of vancomycine levels after reaching its maximum values, that should theoretically never 

happen without outside effects. Only explanation for this could be thermic degradation of 

vancomycine into crystalliform degradation products (CDP-1), which amount increases and 

concentration of its active form (factor B) decreases. Thermic degradation of vancomycine happens 

already in temperature over 20 ºC . Degradation products of vancomycine lack antibacterial efficiency 

(Somerville et al. 1999).  In our experiment we have determined only exact vancomycine without 

separation its active form and degradation products. In addition if we would note decrease of active 

form of vancomycine, then antibiotic concentration at the 2nd day would be 45mg/l according to 

Sommerville´s study. This concentration would still exceed MIC for VRSA. It remains question why 

concentration of an exact vancomycine decreases from 2nd to 4th day from the end of measuring. 

There are several hypotheses. Vancomycine is more likely consumed as a substrate by fungi or 

bacteria, that contaminated samples. It can be also gradually decomposed by enzymes present in bone 

tissue or a molecule constitutes, different from CDP-1 and factor B, and therefore not identifiable as 

exact vancomycine by used method. Single valued answer has not been not known yet. It is clear, 

from the performed trial, that in spite of vancomycine´s feature to create degradation products 

depending on surrounding temperature and duration of its action, its subsequent gradual fall of 

effective concentration levels is not caused only by its thermic degradation. For clinical practice it is 

though important, that even in spite of vancomycine´s feature to create degradation products 

depending on surrounding temperature and duration of its action, effective concentration exceeding 

MIC to vancomycine sensitive staphylococci and VISA stays preserved for certain period.       

Performed experiment in laboratory conditions proved usability of bone grafts as carriers for 

vancomycine. During the period of 16 days, the measured concentrations highly exceeded MIC to 

vancomycine sensitive staphylococci and VISA. These concentrations are thus undoubtedly 

therapeutically effective and its long-term persistence is valuable in terms of prevention of creation of 

resistance to this antibiotic, eventually to all glycopeptide group. 

 

Work came into being with support of VZ MZO 0064203-6604. 
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Table 1. Single average vancomycine concentrations in mg/l (Mean), potency of T – test (T)  and significance (p  value) between time 

intervals. Statistical significance is set by value p> 0,005. 

Time (h) Number of 

samples (N) 

Average 

X±SD 

Range T test p  value 

1 20 165,1 ± 34,6 116,6 – 265,3   

    8,532 0,000 

2 20 228,3 ± 38,1 185,3 – 311,7   

    8,059 0,000 

3 20 283,7 ± 44,6 211,3 – 360,5   

    0,479 0,637 

4 20 289,3 ± 38,4 238,6 – 362,8   

    2,621 0,017 

5 20 323,5 ± 50,5 250,6 – 419,6   

    4,510 0,000 

6 20 343,2 ± 60,5 263,2 – 458,8   

    27,472 0,000 

12 20 420,9 ± 53,1 340,1 – 524,6   

    13,866 0,000 

24 20 472,9 ± 43,8 412,4 – 563,6   

    4,602 0,000 

48 20 499,7 ± 36,2 456,7 – 571,2   

    0,987 0,336 

96 20 494,6 ± 31,9 446,3 – 537,1   

    6,439 0,000 

144 20 463,8 ± 35,9 403,3 – 533,9   

    1,905 0,072 

192 20 441,6 ± 40,3 358,0 – 538,3   

    3,067 0,006 

240 20 401,2 ± 61,8 240,7 – 456,5   

    1,434 0,167 

288 20 380,4 ± 40,5 320,2 – 436,4   

    0,252 0,803 

336 20 377,8 ± 25,7 322,9 – 427,1   

    4,209 0,000 

384 20 332,3 ± 48,8 227,5 – 405,7   

      

 

 

 

Graph 1  Graphic depiction of dynamics of vancomycine release from bone grafts in it´s mean concentrations during given time intervals.  

 

           

 

 

 


