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ABSTRACT 

Purpose: To treat delayed present (more than 24h) and Gustilo type III fractures in a better way than 

external fixation which before was a routine in our hospital. 

Methods: We have applied advanced trauma life support control (ATLS). After proper debridement of 

the wound, irrigation with saline and antibiotic cover, we reduced the fracture with the Sign IM nail, 

which is a solid nail without internal dead space, and then we added antibiotic loaded cement with 3g of 

Amikacin and 4g of Vancomycin. 

Results: Out of 38 delayed present fractures, we have observed serous discharge in 3 cases which have 

been controlled by changing the antibiotic loaded cement. While the other cases remained uninfected. 

Conclusion: The best way to deal with infection is to prevent it, while other factors as obesity, diabetes, 

and other co-morbidities increase the risk of infection. In our method, we also provided local high 

concentration of antibiotic with the use of cement loaded antibiotic, and the control of dead space with 

bone defect and tissue loss. If we do not put cement or other solid material, then blood will definitely take 

space and that would be a media for infection. 
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INTRODUCTION 

In 1970, Buchholz and Engelbrecht (1) 

incorporated Gentamicin in bone cement for 

the treatment of infection in prosthetic joints. 

Antimicrobial loaded bone cement (ALBC) 

has since been used in the treatment of soft-

tissue infections, open fractures, long bone 

osteomyelitis, and arthroplasty infections.  
 

The use of antibiotic-impregnated cement to 

deliver high concentrations of antibiotic locally 

without systemic absorption has been 

described for infected non-unions in both 

lower and upper extremities as well as in 

revasion arthroplasty (3). In treating infections, 

local antibiotic elution efficacy is far more 

important than the mechanical strength of the 

cement, and liquid antibiotics have been shown 

to provide elution rates than those of powder 

antibiotics. 
___________________________________ 
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Antibiotics used with bone cement: Amikacin, 

Amoxicillin, Bacitracin, Cefamindol, 

Ceftazidime, Cefuroxime, Cefozonam, 

Cephalothin, Ciprofloxacin, Clindamycin, 

Colistin, Daptomycin, Erythromycin, 

Gentamycin, Lincomycin, Methecillin, 

Tobramycin, Vancomycin, Ticarcillin, 

Oxacillin (2, 4, 5). 

 
The use of Aminoglygoside antibiotic 

Gentamycin and Tobramycin has been 

established (2, 4, 5). The use of Vancomycin 

has gained popularity because of its 

effectiveness against Methcillin resistant 

bacteria including Staphylococcus Aureus, and 

Methcillin resistant Staphylococcus 

Epidermidis. The optimal antibiotic dosage per 

40 gram-bag of cement has not yet been 

determined. The reported doses of 

Gentamycin, Tobramycin and Vancomycin 

range from 2 to 5, 2.4 to 9.6g and 3 to 9g 

respectively (2, 4, 5). 
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OBJECTIVES OF THE STUDY 

Purpose of the study was to treat delayed 

present (more than 24h) and Gustilo type III 

fractures a better way than external fixation 

which before was a routine in our hospital. 
 

Defect in high-energy trauma is space for 

blood and media of infection if not controlled 

by using antibiotic loaded cement, and protect 

healing factors from infection and instability. 

 

MATERIALS AND METHODS 

This is a 4-year study from April 2002 to May 

2006, in Shifa Hospital in Gaza strip in the 

Palestinian Territories. 
 

Defects in high energy trauma is an easy space 

for blood and are more prone to infections if 

not controlled by using antibiotic loaded 

cement (Figure 1). 
 

 
Figure 1. Soft Tissue dead space control in high energy fractures. 

 

From one side we prevent blood collection, 

and from the other side it’s a good place to 

provide antibiotic to the fracture and the 

fixation implant, to prevent further infections. 

It is applied to 1/3 of one side of bone 

circumference but not around the whole bone. 

Most of the fracture fragments and healing 

factors are being protected. 
 

Prior to the orthopedic procedures, we have 

applied advanced trauma life support control 

(ATLS). After proper debridement of the 

wound, irrigation with saline and antibiotic 

cover,  we  reduced  the  fracture with the Sign  

 

 

IM nail, which is a solid nail without internal 

dead space, and then we added antibiotic 

loaded cement with 3g of Amikacin and 4g of 

Vancomycin. The amount of cement applied 

depended on the defect of the bone, and soft 

tissue loss, without leaving any space after skin 

closure.  
 

We controlled dead space and lost soft tissue 

and bone defect and fragments by keeping 

most of the fragments and space inside the nail 

canal by a solid Sign IM nail. To control the 

infection, we limited the space for blood 

collection by putting antibiotic loaded bone 

cement beads in the affected part.  

 
 

 
Figure 2. We put cement beads closed to the nail to penetrate the canal if it is exposed. 
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(a)                                            (b)                                                  (c) 

Figure 3. a- Diagnostic X-ray, b- Post Op X-ray, c- 6 months control X-ray. 

 
RESULTS 

We applied cement-loaded antibiotic and Sign 

IM nails in 55 cases, 44 of them were gunshot 

injuries and bomb blast injuries. 
 

Most of the fractures in gunshot injuries were 

comminuted fractures, with different degree of 

commination (Figure 3-a), 50% had more than 

4 cm of cortical damage in both fractures. 
 

Fifteen cases were infected (3 post IM Sign 

nail infection, and 12 non-union with 

osteomyelitis change in X-rays. 1 was 

pathological fracture and 11 were post implant 

infection non-union. 
 

Ages vary between 18 years old and 60 years 

old with an average age of 30 years old. 43 

(77.18%) of the cases were Femurs, and 12 

(21.81%) cases were Tibia. All of them were 

fixed by Sign IM nails (Figure 3-b) , and the 

fractures were controlled by an X-ray after 6 

months (Figure 3-c). 47 were males and 3 

were female patients. 

 

The surgery was not difficult in delayed 

present fracture due to the presence of a wound 

at the fracture site (open fracture). 
 

With time, when cement loss their antibiotic 

they work as a foreign body, thus a delayed re-

infection was noted in the cement site in 2 of 

the cases. 
 

Out of 38 delayed present fractures, we have 

observed serous discharge in 3 cases which 

have been controlled by changing the antibiotic 

loaded cement. While the other cases remained 

uninfected. 
 

On follow ups of 6 weeks, 3 months, 6 months 

and 1 year, we have lost 2 cases in follow up, 

one non-union which was successfully treated 

with iliac bone graft and the rest had complete 

healing and bone union without the need for 

graft as (Figure 4) below Shows. 

 

 

 
Figure 4. X-Ray showing how we reduced the need for bone graft. 
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In 15 infected non-union result were different 

and we had to change beads in 7 cases twice, 

and we did bone graft in 3 cases, in one case 

we noted a delayed reactivation of infection 

after healing in cement beads site, and for this 

reason we removed the cement after 6 weeks in 

all the infected non-union. We noted healing in 

infected fracture with improvement in density 

of infected focus as well in 11 infected cases 

(Figure 5). 

 

  
Figure 5. X-ray showing healing and improvement of infected focus, also in this infected non-union. 

 
 

DISCUSSION 

In the presence of serum proteins, even a small 

number of organisms can attach on to the 

implant surface and initiate a laconic and 

persistent proliferative response. The 

subsequent development of a biofilm inhibits 

ossteointegration and promote osteolysis the 

eventual loss of bone tissue provides space for 

the advancing biofilm and loss of attachment 

of implant. (7). 
 

In our observation after putting cement in 

defect from loss of tissue in the femur, which 

has a bulk of, muscles from one side we 

provide a high level of antibiotic in the 

affected part, and from the other hand we 

prevent precipitation of protein over the nail, 

dead space is close to the exposed nail is 

occupied by cement (Figure 2). 
 

Positive benefit from damaged part by 

providing high local antibiotic in the damaged 

part by putting antibiotic loaded cement, and 

prevention of blood collection at the site by 

space control with cement beads, and the 

ability to protect all healing factors which are 

released from the damaged bone by the trauma. 

All open fractures are by definition 

contaminated and must be treated in as such. 

The treatment methods may differ depending 

on the type of fracture. Infection risks also 

differ by fracture type and have been reported 

to be ranging from 0 to 2% for type I fractures,  

 

 

2 to 10% for type II fractures, and 10 to 50% 

for type III fractures. (8, 9).  But  in  our  study  

we proposed the method of fixation which is 

comfortable for the patient, and has a higher 

rate of union (which is interlocking nail), 

which can be done easy in open wound 

reduction, and control dead space close to the 

damaged bone. Early fixation, the patient is in 

a good nutrition and immunity in the early 

days of trauma. All these were a reason of low 

infection rate in 2 from 35 gunshot wounds (6). 

Conversion from external fixation to an 

intramedullary nail has received considerable 

attention in the literature. Original reporting of 

this conversion had alarming results with 

infection and non-union rates of 44 and 50%. 

Respectively (10). Subsequent studies have 

demonstrated better results. (11). 
 

We observed improvement of osteomyelitis 

focus, and control of sinus infection in 15 

infected non-union in 13 cases which were 

from previous infected implant, and clear 

improvement of bone quality between pre and 

post healing X-rays of those infected (which 

we think might be long term control of dead 

space by this solid nail which prevents scar and 

blood collection in the canal of the bone). 

Placement of antibiotic loaded cement over the 

fracture pin tract site which has close contact 

to the affected bone and nail. (12). 
 

We noted a reactivation of infection after 

healing of the fractures in 2 infected non-union 
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fractures, for this reason we advice the removal 

of cement in the infected fractures after 6 

weeks, and delayed present open fractures, we 

advise to remove the cement at the time of nail 

removal.  
 

CONCLUSION 

The best way to deal with infection is to 

prevent it, while other factors as obesity, 

diabetes, and other co-morbidities increase the 

risk of infection. Surgical factors such as 

administration of peri-operative antibiotics, use 

of personal isolator suits and clean air rooms, 

efficient surgery, and copious irrigation can 

reduce the risk of infection. 
 

In our method, we also provided local high 

concentration of antibiotic with the use of 

cement loaded antibiotic, and the control of 

dead space with bone defect and tissue loss. If 

we do not put cement or other solid material, 

then blood will definitely take space and that 

would be a media for infection. 
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