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32.1         Introduction 

 Advances in surgical techniques, implant-design and surface 
modifi cations changed fracture management. Regaining full 
mobility and quality of life is nowadays the ultimate goal of 
treatment in the vast majority of patients. Nevertheless, complex 
fractures and fractures in high-risk patients remain a challenge 
for surgeons and still have a high potential for complications. 

 Among these, deep infections and osteomyelitis are espe-
cially alarming due to the need of additional operative inter-
ventions and long-lasting antibiotic therapies, the risk of 
life-threatening septic conditions, impaired fracture healing, 
reduced limb function which all compromise the quality of 
the patient’s life [ 1 ,  2 ]. Furthermore, the socio-economic 
burden of infections is signifi cant; patients can be partially or 

completely excluded from social life as well as from work 
for weeks or even months [ 3 ]. 

 Important measures to avoid infection are appropriate 
prehospital care of the fractured extremity, aseptic condi-
tions in the operating theatre, short surgery time, stable 
 fracture fi xation and careful soft tissue handling. Additionally, 
antibiotic prophylaxis is applied in all osteosynthetic proce-
dures [ 4 ,  5 ]. Despite this, the rate of infections after surgical 
fi xation of long bone fractures remains high in certain patient 
populations. Some patient-related factors are known, which 
increase the risk for a patient to develop an infection, but are 
not directly related to the fracture itself. These are, among 
others: polytrauma, diabetes, obesity, abuse of alcohol and 
nicotine, immunosuppression, circulatory diseases, allergies 
[ 6 – 8 ]. The local conditions at the fracture site also contribute 
substantially to the likelihood for an infection to occur: 
severe soft-tissue damage, a problematic soft tissue enve-
lope, contamination of the fracture site, and status after revi-
sion surgery [ 9 ,  10 ]. High-energy open tibial fractures 
resulting in severe soft-tissue damage are especially prone to 
infection, non-union and other complications [ 4 ,  11 ,  12 ]. 
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Due to general vascular disturbances or poor blood supply 
by scar or traumatized tissue, the antibiotic agent doesn’t 
reach the site of interest in a suffi cient manner.  

32.2     Scientifi c Background 

 To optimize the bioavailability at the site of interest, local 
delivery of antibacterial substances is an effective and prom-
ising option. Various methods for local delivery of antibiot-
ics exist, such as rinsing with antibiotic solutions, 
implantation of antibiotic-impregnated PMMA bead chains, 
collagen sponges, Calcium-Phosphate or –Sulphate materi-
als impregnated with antibiotics, and others [ 13 – 16 ]. These 
methods can be effective to a certain degree but have not 
found wide acceptance, mainly due to lack of proof of evi-
dence or to the fact that their implementation represents a 
signifi cant deviation from the standard surgical technique. 

 The presence of an implant enhances the risk of infection 
due to its surface, which is prone for pathogens to adhere. 
Already during insertion of the implant, its surface is cov-
ered by a protein-layer, which serves as a point of attack for 
the body’s own cells and bacterial pathogens. This contest is 
described as ‘race to the surface’ [ 17 ]. In case of victory of 
the pathogens, a biofi lm is formed. This makes removal of 
the implant necessary for eradication of the infection. 

 To improve prophylaxis against bacterial colonization of 
the implant surface, and furthermore to deliver required 
drugs at the site of interest, a dissolving dip-coating for sur-
gically used implants was developed at the Institute for 
Oncology and Therapy-Research of the Technical University 
Munich. Originally, Hirudin was included in the coating of 
endovascular implants to inhibit the formation of neointima 
[ 18 ,  19 ]. This coating technology was further modifi ed at the 
Clinic for Trauma and Reconstructive Surgery Charité of the 
Humboldt University of Berlin. In particular, the concept 
was applied to implants for fracture repair. Its usefulness as 
a delivery device for growth factors and antibiotics was 
shown in several animal studies [ 20 – 22 ]. Subsequent inves-
tigations demonstrated the usefulness of this coating tech-
nology to deliver other active substances directly to the 
fracture site. In particular, substances, which may support 
fracture healing, such as BMP-2, Zoledronic Acid or 
Simvastatin were successfully included in the coating [ 23 –
 25 ]. From an anti-infective point of view, several agents were 
evaluated. The use of the aminoglycoside Gentamicin 
showed promising potential. This coating leads to antibiotic 
concentrations lying well above the minimal inhibitory con-
centration of the most commonly encountered bacterial 
strains in the immediate surroundings of the implant. 
Moreover, it is highly abrasion-resistant and has the potential 
to signifi cantly reduce the bacterial colonization of the 
implant surface at the time of implantation and in the fi rst 

following days [ 26 ]. This coating has been tested in multiple 
pre-clinical studies in rats and rabbits. Implants coated with 
polylactid acid containing Gentamicin-sulfate were inserted 
into the medullary canal previously inoculated with bacteria. 
Compared to control groups of uncoated implants, the coat-
ing successfully prevented the occurrence of infection at 42 
days of implantation without exception [ 20 ]. This working 
mechanism addresses the fi rst step in the chain of coloniza-
tion, biofi lm formation, encapsulation and fi nally infection, 
which can occur upon the implantation of a foreign body [ 6 , 
 27 ]. 

 These experiments demonstrate the fl exibility of this dip- 
coating technology as a method to combine the biomechani-
cal properties of metal implants with biologically active 
substances, which support the fracture healing process or 
reduce the risk of implant-related infection. 

 Based on these promising data, the coating technology, 
which equips the traditional metal implant with additional 
properties, was adopted by industry and product develop-
ment initiated. An intramedullary tibia nail with antibiotic 
coating was developed and approved for clinical use in 
European countries. The fi rst such implant (UTN PROtect ® , 
Synthes, Solothurn, CH) was released in 2005 and subse-
quently investigated in a prospective case series, where it 
proved to be a useful tool in the treatment of tibia fractures in 
patients with a higher risk of developing implant-related 
infections [ 28 ]. Since 2011, a tibia nail of the latest genera-
tion with the same coating is available (Expert Tibial Nail 
PROtect ® , Synthes, Solothurn, CH) and is being used on a 
broader scale. 

 Animal studies report about alternative coating methods 
like titanium oxide and siloxane polymer doped with silver 
[ 29 ], but they have not left the experimental stage.  

32.3     Indications and Limits 

 Coated nails can push the indications for nailing of tibia frac-
tures from closed and open grade I and II [ 30 ] towards grade 
III fractures, in which uncoated nailing is currently not the 
treatment of choice [ 31 ]. The use of a Gentamicin coated 
tibia nail could reduce the risk of deep infections and prevent 
long-term external fi xation [ 26 ]. Coated nails are implanted 
using the identical instruments and techniques used for 
uncoated nails. Surgery is not prolonged and the surgeon can 
exclusively focus on fracture reduction and fi xation. 

  Case Description   An 18-year-old man was hit as a pedestrian 
by a car. The car drove over his right lower leg. The patient 
suffered a complex grade III open fracture of the right tibia 
(AO/OTA 42.C3) including a compartment syndrome. The 
peripheral perfusion, motoric and sensation were intact at the 
time of admission (Figs.  32.1 ,  32.2  and  32.3 ).    
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 The fracture was primarily stabilized with a medioventral 
external fi xator with two Schanz screws inserted in the proxi-
mal and distal segments of the tibia. The wound was 
 extensively debrided and cleaned by jet-lavage. 
Approximately 7 cm of devascularized tibia needed to be 
resected (Figs.  32.4  and  32.5 ).   

 The compartment syndrome was treated by extension of 
the open wound and fasciotomy. At day six post trauma, a 
secondary skin closure was performed (Figs.  32.6  and 
 32.7 ).   

 Over the following 3.5 weeks, the fracture and wound 
healed to such an extent that intramedullary nailing with an 
antibiotic-coated tibia nail (Expert TN PROtect ® , Synthes, 
Solothurn, CH) could be performed. The fi bula was treated 
with a seven hole locking compression plate to restore the 
correct length of the lower limb. The external fi xator was 
removed simultaneously. The Gentamicin-coated nail 
(9 mm × 375 mm) was implanted and locked statically 
(Figs.  32.8  and  32.9 ).   

 Nine days later, the patient was discharged from hospital 
for rehabilitation. The soft tissues were in a good condition. 
There were at no time point any hints for infection neither at 
the skin nor in the blood samples. Partial weight bearing of 
20 kg on the injured leg was allowed. 

 Eleven weeks after implantation of the antibiotic coated 
nail and smoking cessation, an Ilizarov ring fi xator was 
applied for callus distraction to bridge the defect in the tibia. 
A proximal osteotomy was performed in the proximal third 
of the tibia. Five days after this operation, bone transport was 
started using the monorail-technique [ 32 ] (Figs.  32.10  and 
 32.11 ).   

 During the next 3 months, bone transport was continued 
until the segment reached the docking site (Figs.  32.12  and 
 32.13 ). Consecutively, bone grafts from the iliac crest 
together with BMP-2 were inserted in the docking zone, 
which was additionally secured with a LC-DCP. The ring fi x-
ator was removed (Figs.  32.14  and  32.15 ).     

 One year after trauma, bone healing was achieved 
(Figs.  32.16  and  32.17 ).   

  Fig. 32.1    Open grade III multifragmental fracture of the right tibia. 
Anteroposterior view of 3D CT-reconstruction       

  Fig. 32.2    Lateral view of 3D CT-reconstruction       
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  Fig. 32.3    Clinical picture at admission       

  Fig. 32.4    Postoperative anteroposterior radiograph. A medioventral 
external fi xator has been inserted       

  Fig. 32.5    Postoperative lateral radiograph       

  Fig. 32.6    Anteroposterior clinical picture after closure of fasciotomy       
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  Fig. 32.7    Lateral clinical picture       

  Fig. 32.8    Anteroposterior radiograph after insertion of a gentamycin- 
coated tibia nail and plate osteosynthesis of the fi bula       

  Fig. 32.9    Lateral radiograph       

  Fig. 32.10    Anteroposterior radiograph after application of Ilizarov 
external fi xator and proximal tibia osteotomy for bone transport       
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  Fig. 32.11    Lateral radiograph       

  Fig. 32.12    Anteroposterior radiograph at arrival of the bone segment 
at the docking site       

  Fig. 32.13    Lateral radiograph       

  Fig. 32.14    Anteroposterior radiograph after removal of the Ilizarov 
fi xator, iliac crest bone grafting, BMP-2 application and protective plate 
osteosynthesis       
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 There were several situations during the treatment of this 
patient, where the use of an antibiotic coated nail served well:
 –    Severe III grade open tibia fracture with bone loss  
 –   One stage exchange from external fi xation to an intra-

medullary device  
 –   Osteotomy of an injured leg after soft tissue damage  
 –   Bone transport by monorail-technique [ 32 ] using an 

ILIZAROV ring fi xator    
 The availability of this Gentamicin-coated nail and the 

knowledge that bacterial growth is suppressed from the sur-
face gave us the confi dence to proceed with intramedullary 
nailing in this patient.   

32.4     Clinical Evidence 

 The clinical use of antibiotic coated tibia nails was investi-
gated in two prospective case series [ 20 ,  25 ]. In both series, 
no implant-related infections were observed in spite of the 
fact that the patient population was prone to develop an 
implant-related infection. Of the 27 patients, 20 presented 
with open fractures, 7 of which had a grade III° open frac-
ture. At 6 months follow-up, 19 patients had healed fractures 
while fracture healing was progressing in the remaining 8. 

  Fig. 32.15    Lateral radiograph       

  Fig. 32.16    Anteroposterior radiograph at bone healing       

  Fig. 32.17    Lateral radiograph       
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 It is diffi cult to show superiority of antibiotic coated nails 
when compared to uncoated nails in prospective studies. But 
all collected data confi rm that the antibiotic coating has no 
negative side effects on bone healing [ 20 ,  24 ,  25 ].  

    Conclusion 

 Antibiotic coated implants may be benefi cial in the treat-
ment of patients at risk of developing implant-related 
infections: patients with severe open fractures, with revi-
sions after failed osteosynthesis, with non-union or 
patients with a history of infection and with other risk 
factors. 

 Severe open tibia fractures are prone to bone infection 
despite the systemic administration of antibiotics [ 30 ]. 
A systemically applied antibiotic is disseminated hae-
matogenously in the respective compartments. For vari-
ous reasons, however, penetration and diffusion barriers 
may exist, such as tissue changed due to infl ammation or 
necrosis. High and potentially toxic doses of active sub-
stances cannot always assure adequate levels of activity. 
If, however, the antibiotic is implanted directly into the 
site of possible infection by means of an adequate carrier, 
high concentrations of the active substance can be 
achieved without any toxicity [ 28 ]. So far, the only coated 
product for intramedullary nailing on the market is the 
Expert Tibia Nail PROtect ® . There is a need for additional 
antibiotic coated implants.     
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