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Abstract

A review is presented on the current  status of open fracture t reatments, and an at tempt  
is made to clear up cont roversies and establish the basic principles of their current  
t reatment .
The use of ant ibiot ics in the init ial t reatment  of open fractures is a well known concept , 
and the earlier they are given the greater is the reduct ion in the likelihood of infect ion. 
The more radical the debridement is, the lower the rate of infection. The ixation method 
of choice for open fractures of the diaphysis of the leg is the int ramedullary nail.  The use 
of external ixation should be limited to cases of multiple traumas. If the debridement 
has been exhaustive, a better result is obtained with the primary closure of the wound. 
The loss of soft  t issue must  be repaired as soon as possible and using the simplest  but  
most eficient system on the orthoplastic ladder; secondary closure, free graft, rotational 
lap, free microvascularised lap.
Although some t reatment  guidelines are clear, each open fracture is dif ferent  and must  
be adapted to each fracture and to each pat ient .
© 2010 SECOT. Published by Elsevier España, S.L. All rights reserved.
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Resumen

Se presenta una revisión del estado actual del t ratamiento de las fracturas abiertas. 
Procurando despej ar cont roversias y establecer los principios básicos de su t ratamiento 
actual.
El empleo de ant ibiót icos en el t ratamiento inicial de las fracturas abiertas es un concep-
to bien establecido, cuanto más precoz es su administ ración mayor es la reducción de la 
posibilidad de infección. Cuanto más radical es el desbridamiento, menor es la tasa de 



400 J.M. Muñoz Vives et  al 

Introduction

The presence of a fracture with exposed bone has been 
synonymous with amputat ion, deep infect ion or death in 
the irst month. Deep infection with osteomyelitis following 
an open fracture is st il l a feared and devastat ing complicat ion 
of such fractures. The skin is the main mechanical barrier 
against  infect ion and the wound caused by an open fracture 
is immediately contaminated by the lora on the skin or in 
the surroundings. Devitalized soft tissues are an ideal 
set t ing for the proliferat ion of bacteria and the risk of 
infect ion is very high1 unless early t reatment  is implemented, 
including debridement , t reatment  with ant ibiot ics and 
ixation.

Live t issue is the best  defence against  infect ion. Tissues 
with low levels of perfusion offer the best  medium for 
bacterial proliferat ion. One of the cornerstones in the 
t reatment  of open fractures is to remove t issues that  are 
not  able to defend themselves against  germs. The removal 
of dead t issue does not  completely eliminate micro-
organisms, but it does signiicantly reduce their number and 
the remaining microbes ind it much more dificult to 
proliferate in the live t issue that  is left .

Open fractures are frequent ly accompanied by the loss of 
soft tissue that may be extended by debridement, another 
fundamental step to achieve a funct ional limb is the 
coverage of this loss.

The aim of this review is to go over the advances in the 
t reatment  of open fractures, seeking the highest  level of 
scientiic evidence although we have not always found it. 
Despite being relatively frequent, their presentation is 
heterogeneous, preventing signiicant conclusions from 
being reached in all aspects, and although open fractures 
may occur in any bone, we have used open fractures of the 
t ibia as our reference.

Antibiotic treatment

The t reatment  of open fractures with ant ibiot ics has brought  
down the rate of post -surgical infect ion and is considered 
as the current  standard of t reatment , albeit  not  the main 
factor for preventing infection. Dellinger et al.,2 in 204 
exposed fractures, pointed out that factors related with the 
onset  of infect ion are more related to the degree of the 

soft -t issue lesion and their t reatment  than with the durat ion 
or type of ant ibiot ic t reatment .

A large part  of the current  concepts and therapeut ic 
guidelines on prophylaxis are based on studies carried out 
more than twenty years ago using concepts for the t reatment  
of open fractures very dif ferent  from those in use today. 
The clinical t rial by Patzakis et  al.3 was the irst to show the 
beneicial effect of reducing infectious complications by 
following a regime of irst generation cefalosporins 
compared with penicill in and placebo. Those results were 
subsequently conirmed by other studies such as that by 
Gust ilo and Anderson,4 which showed an infect ion rate of 
2.4% in a series of 520 pat ients t reated with cefazolin. The 
current  bases for t reatment  have been established in 
accordance with two meta-analyses, one published by the 
Eastern Associat ion of Surgery of Trauma5 (EAST) which 
included in it s review 50 art icles published up to 1997, of 
which 10 were prospect ive randomized studies. The j oint  
analysis showed a clear reduct ion in post -operat ive 
infections following antibiotic prophylaxis. The other 
systemat ic review was that  published by Gosselin et  al.6 
which found a reduct ion of 59% in the risk of infect ion 
through the use of current  ant ibiot ic regimes.

The treatment concepts in complex open fractures have 
progressed and are based on staged t reatment  st rategies, 
pract ically non-invasive osteosynthesis techniques and early 
coverage of soft  t issue to preserve the biology for bone 
consolidat ion and avoid a large proport ion of subsequent  
nosocomial infect ions.

There have also been changes in the epidemiology of 
int ra-hospital infect ions; the bacteria causing infect ions in 
open fractures come from the saprophyte lora on the skin 
or germs in the environment and hospital lora. Saprophyte 
or environment lora can contaminate the wound at the 
moment of the accident; but it is the intra-hospital lora 
that  most  frequent ly colonize the bone and the wound 
during subsequent  surgical procedures or through 
colonizat ion of the skin.

The irst prophylaxis protocols were based on long-term 
ant ibiot ic therapies and on the use of wound cultures before 
debridement . The init ial studies showed a high correlat ion 
between the germs cultured init ially and those causing the 
infect ion. Robinson et  al.7 concluded that  a maj ority of 
open fractures are contaminated at the time of the irst 
hospital assistance; the germs isolated were community 

infección. El método de ijación de elección para las fracturas abiertas de las diáisis de 
la extremidad inferior es el enclavado endomedular. El uso de ijadores externos debería 
limitarse a los casos de politraumatismos. Si el desbridamiento ha sido exhaustivo, se 
obt iene un mej or resultado con el cierre primario de la herida. Se debe reparar la pérdi-
da de partes blandas tan pronto como sea posible y mediante el uso del sistema más 
simple pero eicaz en la escalera ortoplástica: cierre secundario, injerto libre, colgajo 
rotacional, colgaj o libre microvascularizado.
Aunque algunas pautas de t ratamiento son claras, cada fractura abierta es dist inta por lo 
cual el t ratamiento debe aj ustarse a cada fractura y a cada paciente.
© 2010 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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pollutants sensit ive to most  ant ibiot ics and did not  
recommend the rout ine performance of cultures as this has 
little clinical eficacy in the reduction of the infection. Lee 
et  al.8 found that  only 8% of the germs that  grew in the 
initial cultures were the cause of the deinitive infection 
and the correlat ion with cultures performed after 
debridement  was also low, less than 25%. In a subsequent  
study, Carsent i-Etesse et  al.9 proved that  92% of the 
infect ions that  appeared after an open fracture were due to 
the infect ion acquired in the hospital.

Most  of the infect ions in open fractures are due to st rains 
of St aphilococcus aureus, St rept ococcus sp., Ent erococcus 
and gram-negat ive bacill i such as Pseudomona aeruginosa, 

Ent erobact er or Prot eus.  In addit ion, cultures frequent ly 
show mult i-resistant  st rains of germs such as methycill in-
resistant  S. aureus (MRSA), st rains of vancomycin-resistant  
Ent erococcus (VRE) and mult i-resistant  gram-negat ive 
bacteria. The fact  that  a maj ority of infect ions occur in the 
hospital has changed the concept  of ant ibiot ic t reatment . 
However, the discussion about whether it is prophylaxis or 
t reatment  cont inues unabated and does not  seem to have a 
lot  of clinical relevance. Regardless of the init ial ant ibiot ic 
treatment, extensive debridement is advisable as well as 
effect ing early covering of the wound to avoid infect ion.

There are no conclusive data to establish once and for all 
the best  ant ibiot ic t reatment  st rategy, although the current  
t rend is towards a clear reduct ion in the t reatment  durat ion. 
The main discussion points are the ideal moment  to start  
ant ibiot ic t reatment , it s total durat ion and the best  
combination of drugs. Other research ields are the eficacy 
of the devices for local release of ant ibiot ics, using 
polymethyl methacrylate or impregnated osteosynthesis 
material.

The studies available suggest  that  ant ibiot ic t reatment  
should be begun as soon as possible after the fracture 
occurs. Patzakis and Wilkin10 recorded an infect ion rate of 
4.7% when treatment was begun during the irst three hours 
versus 7.4% when the t reatment  was delayed.

Antibiotics

The results of the cultures taken from the wound show that  
the vast  maj ority of the germs isolated are sensit ive to 
drugs with a bactericidal effect  on staphylococci. First  
generat ion cefalosporins have good penet rabilit y in bone as 
well as good tolerance and low toxicity, making them the 
t reatment  of choice in grade I and II open fractures when 
there is no maj or contaminat ion.

The wounds with maj or involvement  of soft  t issues, as 
happens in Gust ilo grade III fractures or in those occurring 
in set t ing with abundant  organic mat ter, such as earth or 
manure, are frequent ly contaminated from the outset  by 
Gram-negative lora and require a more extensive antibiotic 
covering. The combinat ion most  often used consists in the 
administration of a irst generation cephalosporin with an 
aminoglycoside. The administ rat ion of aminoglycosides in 
multiple split doses has a higher incidence of nephrotoxicity 
than when administered in a single dose and single-dose 
administ rat ion presents a bet ter act ivity against  
Pseudomonas and other Gram-negat ives.11 Studies comparing 

classic combined therapies, with cefalosporins and 
aminoglycosides, against  other combinat ions, such as single-
dose third generation cefalosporins or ciproloxacin, are 
favourable to the irst combination.12

There is some cont roversy about  the init ial ant ibiot ic 
t reatment  of open fractures in which there is contaminat ion 
due to organic mat ter, such as in those arising in an 
agricultural set t ing, or lesions compromising maj or vessels. 
For an infect ion by Clost ridium to occur, it  is necessary to 
have an anaerobic set t ing such as that  occurring in the 
presence of necrot ic t issues or dead spaces. The role of 
early and extensive debridement is the key to avoid gaseous 
gangrene. On the other hand, both cephazolin and the 
combination of amoxicillin and clavulanic acid have shown 
an excellent bactericidal activity against Clost ridium.  Most  
of the regimes recommended include in these cases high 
doses of penicill in G, but  there is no evidence for this.

The recommended ant ibiot ic t reatments are established 
in accordance with the Gustilo classiication (table 1) 
although it should be recalled that this classiication suffers 
f rom low inter-observer reliabilit y, 60%, so the t reatment  
decision must  be individualized depending on the soft -t issue 
lesion, the t ime elapsed and the contaminat ion in the 
wound (table 2).

There is no evidence support ing the use of regimes last ing 
for more than three days or repeated regimes following 
subsequent  surgeries.5,13 Dellinger et al.14 did not ind any 
signiicant differences between treatments lasting 24 and 5 
days. Most  of the clinical guidelines st il l recommend 
t reatment  regimes last ing for 48 to 72 hours for type II and 
type III fractures.

Treatment  with polymethyl methacrylate cement  
impregnated with ant ibiot ic has been used as a co-adj uvant  
t reatment  with systemic ant ibiot ic therapy for open 
fractures and it  has been shown to reduce infect ion. 
Ostermann et  al.15 found that  the infect ion rate was 
signiicantly lower in the group treated with local co-
adj uvant  t reatment  with polymethyl methacrylate 
impregnated with tobramycin with respect  to the group 
t reated with isolate ant ibiot ic therapy.

Studies have also been published on the isolated use of 
local ant ibiot ics: Moehring et  al.16,  in a randomized 
prospective study, did not ind signiicant differences in the 
infect ion rate between the group t reated with systemic 
ant ibiot ic therapy and another t reated only with cement  
impregnated with tobramycin. The main advantages of this 
t reatment  method are the high local concent rat ions of 
ant ibiot ic, between 10 and 30 t imes more than with 
endovenous administ rat ion, with a reduct ion in the systemic 
secondary effects. There are doubts about  the possibilit y of 
creat ing resistances with local t reatment  and on the 
possible inhibit ing effect  on osteoblast ic act ivity.13 the 
antibiotics with the best proile for local treatment are the 
aminoglycosides, due to their thermal stabilit y, wide 
spect rum of act ivity and low allergenic capacity. The 
habitual dose recommended is 3.6 g of tobramycin for every 
40 g.

Other slow-release systems, such as int ramedullary pins 
coated with ant ibiot ic, or re-absorbable elements, such as 
calcium sulphate or polylact ic acid impregnated with 
ant ibiot ic, have been used in clinical pract ice, but  
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experience is scant and there is no evidence of its true 
eficacy.

Amputation

The irst decision to be taken in an open fracture is whether 
or not  the limb can be saved, and this depends on many 
factors: age, prior condit ion, vascular lesion, presence of 
other lesions, among others. Amputation as an extreme 
measure is the most  radical of debridements and it  may 
save the lives of some pat ients.

The decision on an immediate amputat ion is taken by the 
health-care team, with lit t le input  by pat ients and their 
relat ives. Secondary amputat ion is usually a decision taken 
j oint ly by the pat ient  and the t raumatologist , normally 
because both foresee a poor level of funct ionality in the 
limb.

At tempts have been made to establish prognost ic factors 
or scales for secondary amputat ion, the applicat ion of 
which would avoid suffering on the part  of pat ients from 
the accident  to the moment  of the secondary amputat ion. 
Lange et  al.17 established the absence of sensit ivity in the 
sole of the foot  as a prognost ic factor and, in 1990, Johansen 
et  al.18 introduced the Mangled Extremity Severity Score 
(MESS) scale that  includes such variables as age, t ime of 
ischaemia and degree of lesion in order to t ry and establish 
a prognosis for secondary amputat ion. Subsequent ly, other 
scales have emerged to help in taking the decision on 
amputat ion. Nonetheless, a prospect ive mult i-cent ric study 
under the auspices of the LEAP Study Group,19 on an init ial 
cohort  of about  600 pat ients, showed that  none of the 
factors (arterial lesion, damage to the posterior t ibial 
nerve, …) nor any of the scales published to date predicted 
for the amputat ion of the limb.

A meta-analysis20 did not ind any signiicant differences 
in the funct ional results between amputees and non-
amputees 7 years after their accidents. What  is more, the 
prognostic factors for a poor functional outcome identiied 
by the study were low educat ional level, poverty, non-white 
race, advanced age, female gender, lack of medical 
insurance, low social support , smoking, and suing for 
compensat ion; disappoint ingly, the study did not  ident ify 
any variable under the cont rol of the t raumatologist .

In the light  of the results, decisions on the immediate 
amputat ion of a limb must  take many factors into account , 
but  none is an absolute discriminant  as to which pat ient  is 
going to have a poor outcome. Decisions on secondary 
amputat ion must  be taken collect ively with the pat ient  
whenever possible.

Debridement and care of the wound

It  has been established that  open fractures must  be debrided 
within 6 h and it  seems logical that  the sooner the bacterial 
load is eliminated and the less t ime the microbes have to 
colonize neighbouring areas, the bet ter the infect ion rate 
will be.21,22 Nevertheless, Spencer et  al.23 did not ind this 
relat ionship and j ust ify a delay in debridement  if  this can 
be performed by an expert team.
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On many occasions the init ial debridement  does not  
achieve its goal of eliminat ing all non-viable t issue and 
subsequent  debridements become necessary. The ult imate 
goal is to obtain a limb in which all t issues are correct ly 
vascularized.

This is a fundamental step in the debridement  process. 
The wound must be extended to eliminate the necrotic 
t issue that  may be found quite far from the init ial skin 
wound. The lesional mechanism, a prot ruding bone fragment  
reduced at the scene of the accident, the examination of 
the limb (bruising and ecchymosis, instabilit y in neighbouring 
j oints), X-rays, paying at tent ion to the presence of air at  a 
distance from the init ial wound …, all these and other 
indings must be taken into account when deciding to extend 
the wound.

The ent ire limb must  be prepared in open fractures and 
a tourniquet  must  be placed ready for use in the event  of 
massive bleeding. The use of a tourniquet  may end up 
causing necrosis of t issues that  are already compromised 
and the absence of bleeding may prevent  the dist inct ion 
between healthy and necrot ic t issue.

Washing is intended to reduce the microbial inoculants, 
eliminate extraneous material and clots but not to replace 
debridement. Between ive and twelve litres must be used 
to wash a wound, although there is some discussion about  
whether this should be done with high or low pressure 
washing using a syringe24 and the use of saline solut ion or 
else with the addit ion of soap or ant isept ics.25 The use of 
high pressure reduces contaminat ion, part icularly if  the 
bacterial inoculant  was not  produced within the three hours 
prior to washing or there is marked contaminat ion due to 
extraneous bodies. However, it also produces tissue damage 
that  delays the wound’s healing. A similar effect  is produced 
by the addit ion of soap, ant isept ics or ant ibiot ics: these 
bring about  a greater reduct ion in the init ial bacterial load, 
but  they also damage the cells of the body with a rebound 
effect , increasing the number of micro-organisms at  the 
end of a few hours.

Most  authors are conservat ive with regard to skin. 
Resect ion must  only be applied if  the skin presents a clearly 
necrot ic appearance. Small wounds in type I and II fractures 
may be widened ellipt ically.

The fascias may be resected with the certainty that  this 
will not produce any signiicant functional alteration, but it 
must  be recalled that  the perforat ing arteries nourishing 
the skin pass through the subcutaneous fascias. The 
paratendon const itutes the vital cont ribut ion for the tendon 
it  contains and, if  resected, the underlying tendon must  be 
covered as soon as possible.

In muscles, the rule of the 4°C is st il l valid:26 colour, 
consistency, cont ract il it y and the capacity to bleed. Live 
muscles are deep pink or red, with a irm elastic consistency, 
and cont ract  when touched or st imulated with an elect ric 
scalpel and they bleed. All muscle t issue not  meet ing these 
conditions must be excised.

Experimentally,27 Doppler laser low meters have been 
used to determine whether a bone fragment  maintains the 
circulat ion but  we do not  know of it s applicat ion in open 
fractures. Cort ical bone that  has lost  it s insert ions must  
always be removed and those cort ical fragments present ing 
insert ions with the abilit y to survive may be retained once 

they are clean. The conservat ion of fragments containing 
j oint  cart ilage is advisable. Uncontaminated spongy bone 
may be retained after fragmentat ion to that  it  can act  as a 
graft .

Finally, for nerves and arteries, the maximum effort must 
be made to preserve the nerve stems and arteries retaining 
their funct ionality.

Stabilization of open fractures

The stabilizat ion of open fractures is fundamental and must  
be effected as the init ial t reatment  along with debridement . 
Stabilizat ion of the fracture limits movement  at  the focus, 
lowering the risk of disseminat ion of the bacteria28 and 
restoring the limb’s alignment . It  also improves vascular 
low and venous return and reduces oedema, pain and post-
t raumat ic rigidit ies.29

In order to stabilize an open fracture, recourse has been 
had to external ixators, plates and intramedullary nails, 
with and without  milling. The use of int ramedullary nails in 
open fractures has been a source of some cont roversy, 
part icularly because of the risk of producing an 
int ramedullary infect ion or the possible iat rogenia by 
harming endosteal circulation in long bones. In an extensive 
review of the literature and in accordance with the authors’  
experience, these secondary iatrogenic effects are not 
signiicantly manifested and are more and more used in the 
t reatment  of open fractures.

External ixation in open fractures30-32 presents good 
consolidat ion rates, close to 95%, with a long consolidat ion 
time and a high index of consolidation delays close to 25% 
after 6 months30,33-35 often requiring addit ional surgery to 
achieve consolidat ion.

The rate of implant  failures is low, but  almost  70% of 
fractures required at least one extra reintervention to 
achieve consolidation. The defective consolidation index is 
approximately 20%, deep infections reach 16%, nail 
infect ions, 32% and chronic osteomyelit is has been 
established at  4%.33,35

In addition, with external ixation, the calluses are 
endosteal and not  very bulky thus maintaining a risk of re-
fracture when the ixator is removed. In many cases, this 
forces the ixator to be kept in place for a long time. 
Therefore, the use of external ixators as the deinitive 
t reatment  in open fractures is a stabilizat ion method 
entailing mult iple reintervent ions and complicat ions, as 
well as a series of check-ups to verify progress and a 
prolonged t reatment  t ime.

The use of sequent ial int ramedullary nail t reatment  after 
external ixation is a method more and more commonly 
used for the treatment of open fractures (ig. 1). This 
method is indicated in polyt raumat ized pat ients at  risk of 
general complicat ions36 and in cases init ially t reated with 
an external ixator deinitively transferred to other 
cent res.36-38

The results in the literature35-39 show a high consolidat ion 
index, in excess of 90%. At least one additional surgery is 
required in 23% of cases. The index of infections in the nails 
of the ixator is 15%. The time for conversion to intramedullary 
nails is 26 days on average and it  must  not  be used unless 
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the infections of the ixator pins have been resolved. The 
chronic osteomyelitis index is 2.5%, the lack of consolidation 
index was 14% and unsuccessful consolidations was 11%.

This kind of t reatment  was for some t ime proscribed due 
to the high complications index, especially for deep 
infect ions. There was subsequent ly evidence of a st rong 
association between the infections in pins and the index of 
deep infect ions.39 It is dificult to deine the time that must 
elapse between the placement of the external ixator and 
the use of nailing, although the switch from one method to 
another has to be as short  as possible. Where the pins 
present  signs of infect ion, they must  be removed, an 
external immobilization put in place and nailing should 
proceed once the signs of infect ion have withdrawn.

Unreamed nailing39,40 has a consolidation index of 95%, 
deep infect ion is 7% and 33% required further reintervent ions 
to achieve consolidat ion. The provision of a graft  was 
required in 15% of cases. The chronic osteomyelitis index is 
low, 0.7%, with 22% of consolidat ion delays and 10% of 
unsuccessful consolidat ions. The use of small diameter nails 
is associated with a high index of implant breakages or of 
blocking screws (12%). Most  papers comparing unreamed 
and reamed nails show slight  advantages for reamed nails.

The milling of the int ramedullary cavity has for some 
t ime been considered as a risk procedure in the t reatment  
of open fractures due to the possibilit y of disseminat ion of 
germs and due to the dest ruct ion of already endangered 
circulat ion. Clinical revisions have not  corroborated these 
risks and experimental studies have shown an increase in 
periosteal blood low when milling is effected in the spinal 
canal.41 In addit ion, the use of int ramedullary nailing 
signiicantly reduces the possibility of reinterventions.42

The result  of the t reatment  of open fractures using 
reamed nailing in the t ibia,35,43 shows a consolidations index 
of 97%, of which 15% required the provision of a graft. Deep 
infect ion was 6% and only 0.75% developed chronic 
osteomyelitis. Defective consolidations amounted to 6% and 
36% required at  least  one reintervent ion to achieve 
consolidation. The implant failure index, 3%, was much 
lower than that  for unreamed nails. Some authors accept ing 
the use of reamed nailing for type II and IIIA open fractures 
quest ion its use in grade IIIB-C fractures.

Keat ing et  al.44 found slight  advantages in favour of 
t reatment  using reamed nailing. Similar results have since 

been found elsewhere. There are no dif ferences in the 
consolidat ion or infect ion rates, but  the pat ients t reated 
with unreamed nailing have a higher index of breakage for 
the blocking screws and a slight ly higher consolidat ion delay 
rate. There is no evidence allowing a recommendat ion of 
unreamed over reamed in open fractures, as the series 
published are short  and ret rospect ive.

In tibia and ibula fractures, the stabilization of the ibula 
diminishes the mobilit y of the fracture focus in the t ibia, 
particularly in those cases where an external ixator is used 
as the stabilizat ion method. An occasional clinical paper45 
has recommended osteosynthesis of the ibula in those 
fractures where the distal tibial-ibular syndesmosis is 
affected, even though no dif ferences were found in terms 
of deviat ions in consolidat ion between the cases in which 
osteosynthesis of the ibula was effected and those cases in 
which it  was not .

The authors recommend osteosynthesis of the ibula 
whenever the syndesmosis is affected, in cases where the 
synthesis of the tibia is precarious, and in deinitive 
treatment with an external ixator, as biomechanical studies 
have shown that  this is the stabilizat ion method that  can 
best beneit this kind of added synthesis.

Immobilizat ion with a plaster cast  following medullary 
nailing has poor results.37 In a prospect ive randomized study 
of grade II and III open fractures, t reatment  with plaster of 
Paris following nailing presented worse results than 
treatment with nailing followed by an external ixator. In 
this sense, open fractures of the t ibia t reated with plaster 
of Paris following nailing took longer to consolidate, 
presented more defect ive consolidat ions, required more 
medical check-ups and do not have a signiicantly greater 
index of septic complications. The authors do not recommend 
treatment with plaster after removal of the external 
ixation.

The use of plates for the stabilizat ion of open diaphyseal 
fractures of the t ibia has been pract ically abandoned, 
although some authors have encouraged this if  it  is followed 
by good coverage of soft  t issues.

Nonetheless, it s use is widely accepted in fractures of 
the upper limb, joint fractures, proximal and distal 
epiphyseal-metaphyseal fractures of the t ibia and distal 
femur fractures, especially since the emergence of blocked 
plate systems using less invasive techniques through smaller 
incisions, thus limit ing the cutaneous and sept ic 
complications caused by more extensive incisions. This kind 
of plates present the disadvantage of a dificulty in reducing 
the fracture prior to the placement  of the plate.

Open fractures of the femoral diaphysis

The t reatment  of choice for this kind of fracture is 
intramedullary nailing (ig. 2). The infection index is 3% and 
the consolidation delay index is 98%. Consolidation problems 
amount  to 6.5%. Secondary reoperat ions come to 13.5% and 
implant  failure is 1%. Reoperat ions are described in 17% of 
cases.35

The use of an external ixator in the treatment of open 
f ractures of the femur has poor results, with high indices of 
consolidat ion delays and defect ive consolidat ions. 

Figure 1 Grade IIIA open fracture of the tibia in the context 
of a polytraumatized patient. Initial direct closure and external 
ixation. Intramedullary nailing deferred.
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Limitat ions on mobilit y in the knee have also been described. 
There are no papers demonst rat ing dif ferences in results 
when comparing reamed nailing with undreamed. 8

The use of an external ixator in femur fractures should 
be reserved for severely polyt raumat ized pat ients and 
vascular lesions requiring surgical t reatment . When an 
external ixator is used, consideration should be given to 
the next step of intramedullary nailing as soon as the 
pat ient ’s general condit ion, the status of the wound and 
any vascular repairs so allow. Although there are few art icles 
in the literature, sequent ial t reatment  in open fractures of 
the femur seems safer than in t ibia fractures, due to the 
greater muscle coverage on the bone.

Coverage of soft tissues

Open fractures generally occur due to high-energy 
mechanisms and the harm produced is direct ly related to 
the energy dissipated in the bone and the soft  t issue at  the 
moment  of the body’s impact .

Lesions to soft  t issues are very frequent ly under-est imated 
in the irst evaluation of patients with the subsequent 
problems that  this may produce, such as infect ion of the 
wound, defects in soft  t issues, bone defects, compartmental 
syndrome, chronic osteomyelit is, pseudoarthrosis and even 
amputat ion.46,47 In order to achieve acceptable results, a 
comprehensive clearly regulated t reatment  of both the 
bone lesions and the soft  t issue is essent ial.  Various studies 
have highlighted that  lesions to soft  t issues and their correct  
t reatment  are decisive for the consolidat ion of fractures 
and the ult imate funct ional outcome.2,48,49

Treatment of wounds and coverage of exposed bone are 
the cornerstones of fracture t reatment , although there are 
no deinitive criteria for treatment and many of the 
t reatment  ideas and concepts are based on studies published 
some t ime ago with low methodological quality. The recent  
literature relects studies on two controversial aspects: the 
appropriate moment  for closure or coverage of the wound 
and the indicat ions for amputat ion of severely damaged 
limbs.

The various studies published within the Lower Extremity 
Assessment  Proj ect  (LEAP) working group have shown that  
some of the deepest -rooted concepts about  the t reatment  

of open fractures might  not  be correct  with the most  
modern t reatment  techniques.19,50,51

The dif ferent  rate at  which energy is dissipated through 
the soft  t issues with respect  to bone implies that  the 
extension of a lesion in soft tissue is always much greater 
than the bone lesion. This phenomenon has been described 
as the lesion area. The anatomic region inj ured includes 
areas of tissue destruction and inlamed tissue decreasing 
from the point of contact, so that, during the irst 
assessment, it is dificult to establish the true scope of the 
lesion. The main error in the init ial phase of the t reatment  
consists in an inadequate evaluation of the extent of the 
lesion and the coverage needs.46,52,53

The irst step in the evaluation of soft tissues consists in 
establishing an adequate classiication. The system devised 
by Gust ilo and Anderson (table 1), despite present ing a few 
problems with inter-observer reliability, is simple and takes 
into account  the most  important  aspects for decision-taking, 
the extension of soft tissue lesion and, secondarily, the 
degree of bone involvement  and contaminat ion. In addit ion, 
it presents an excellent correlation with infection rates.4,54

The most  important  factor for sub-dividing serious type 
III fractures is based on the surgeon’s est imat ion of the 
need for subsequent  coverage of the wound with local or 
free laps.

The data published in the LEAP mult i-cent ric prospect ive 
study after analysis of the evolut ion of 527 pat ients indicate 
that  the state of soft  t issues is the most  important  indicator 
to determine the need for amputat ion above the neurological 
or vascular lesion.49,51 There is a special sub-group of 
fractures that  deserve separate considerat ion, lesions 
caused by agricultural machinery and those occurring in 
maj or catast rophes, which present  the added problem of 
direct  lesions due to the crushing of soft  t issues in a high 
contaminated set t ing, meaning that  sept ic complicat ions 
are more frequent  in this group.47

Other elements to be considered in the init ial evaluat ion 
are the product ion mechanism, co-morbidit ies and the 
pat ient ’s age. Bowen et  al.55 showed that  co-morbidit ies 
such as tobacco consumption, age in excess of 80 years, 
diabetes or immunodeiciency multiplied the risk of 
complicat ions following an open fracture by a factor of 
eight .

The irst step for deinitive coverage is to achieve a clean 
bed. There are mult iple opt ions for t reat ing wounds after 
debridement : the placement  of polymethyl methacrylate 
balls impregnated with ant ibiot ic, semi-permeable sheets 
or vacuum aspirat ion systems.

Aspirat ion systems using negat ive pressure have brought  
abut  a revolut ion in the t reatment  of the wounds associated 
with exposed fractures. VAC-type systems seal the wound 
f rom its surroundings and produce a negat ive pressure to 
prevent the accumulation of luids, improves micro-
circulat ion, favours granulat ion and reduces bacterial 
proliferation, so it is an excellent co-adjuvant in the 
preparation of the wound for deinitive coverage.56 The use 
of this technique as a deinitive treatment is disputed. 
Aspiration therapy may facilitate deinitive closure in small 
well-vascularized areas with exposure of osteosynthesis 
material or bone through st imulat ion of abundant  granulat ion 
t issue that  subsequent ly epithelializes.

Figure 2 Grade II open fracture of the femur. Direct initial 
closure and int ramedullary nailing.
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Dedmont et al.57 found that  t reatment  with VAC in grade 
IIIB fractures has similar rates for infect ions and consolidat ion 
compared to historic cont rol subj ects. However, it  
diminished the ratio of rotational laps needed to cover the 
wound.

Coverage modes. The orthoplastic 
reconstruction ladder

There is a limited number of reconstructive procedures for 
covering soft t issues and these can be structured using the 
analogy of the “ orthoplastic reconstructive surgery ladder” .47,58

Most  open fractures can be covered using simple 
procedures such as direct  closure of the wound or free skin 
graft (irst and second step of orthoplastic treatment). 
Small lesions without  loss of soft  t issues can be closed 
direct ly following debridement . In those lesions where 
there is loss of skin and fascia but  the underlying soft  t issue 
is well vascularized, the j oint ’s funct ion is not  compromised 
and there are no major elements exposed such as nerves or 
tendons, then coverage is indicated with part ial or complete 
free skin grafts. Most  open fractures of the femur are good 
examples of this group.

In more complex wounds, it is necessary to consider the 
use of free or pediculate muscle grafts. Rotat ional pediculate 
laps constitute the third rung of treatment (ig. 3). These 
laps present greater morbidity. The use of tissues close to 
the fracture and the “ lesion area”  implies on occasions that  
the tissue to be used for the lap may present vascularization 
problems, part icularly in high-energy fractures.

The last  rung in orthoplast ic t reatment  comprises 
vascularized free laps, which are the treatment of choice 
in cases of severely injured limbs and in complex open 
f ractures of the distal t ibia and foot .

Taking decisions on the coverage of open 
fractures

In the convent ional t reatment  st rategy, the immediate 
closure of an open fracture was delayed to prevent  retent ion 

of non-viable material and so prevent  the onset  of serous 
infections such as gangrene. Direct closure of the primary 
wound is not  current ly recommended as a rout ine 
measure52,58 because bet ter results are obtained in selected 
fractures at centres with suficient experience.17

The main advantage of primary closure is that  it  allows 
the fracture focus to be isolated from the external 
environment  and it  avoids further surgery, although there is 
a clear conlict with the serial debridement technique. 
Several studies have been published on immediate or early 
closure; in a study of 119 patients, DeLong et al.59 did not  
ind any signiicant difference with regard to infection rates 
or lack of knit t ing when immediate closure was applied 
after debridement  or when the closure was deferred, 
providing the debridement  is done aggressively. Primary 
closure must  only be performed in type II or IIIA fractures 
with lit t le contaminat ion and moderate lesions to soft  
t issues.

The main goal of the t reatment  of open fractures consists 
in early closure and coverage of the wound, when necessary, 
in the irst 10 days after admission.52 The current  paradigm 
for treatment in exposed fractures is the strategy of “ix 
and cover” , implying radical debridement  of the whole 
lesion area, bone stabilizat ion and early coverage, which 
generally implies, in high-energy fractures of lower limbs, a 
muscle lap or a vascularized free lap.60,61 The init ial studies 
by Cierny and Byrd using this technique in a short  series of 
pat ients achieved encouraging results.62,63

The most  importance classic study was published by 
Godina et  al.64 on 534 pat ients, revealing that  the t reatment  
of high-energy t ibia fractures using radical debridement  
and early coverage with vascularized free laps within the 
irst 72 hours had better results in terms of infection rates 
and pseudoarthrosis than pat ients in whom coverage was 
deferred. This t reatment  technique implies the need for 
very extensive debridement. The data have been 
corroborated by other studies that  have shown very low 
infection rates with an approach based on early ixation and 
early coverage.

In IIIB and IIIC fractures of the t ibia, Gopal et  al.61 found 
that  the both infect ion and amputat ion rates were lower 
when deinitive coverage was implemented in the irst 72 h 
than when it  was delayed.

The t reatment  st rategy most  often recommended at  the 
present time is deinitive coverage and bone stabilization 
during the irst week.

The decision to use rotational muscle laps or free laps 
depends on the anatomic locat ion of the wound, the severity 
of the soft-tissue lesion or the expertise of the surgical 
team. The LEAP group compared two coverage techniques, 
rotational or free lap, and found that the degree of 
comminut ion was indicat ive for the failure de rotat ional 
laps, possibly relecting the fact that more comminute 
f ractures (AO/ OTA type C) present  greater damage to soft  
t issues and are probably not  candidates for coverage with 
regional laps.65

There is some cont roversy over the sequence for skeletal 
ixation and coverage of soft tissues. External ixation is 
almost always the irst step in the initial bone stabilization, 
and there are doubts about whether deinitive stabilization 
with an int ramedullary nail in t ibia fractures should be 

Figure 3 Grade IIIB open fracture of the tibia. External 
ixation and application of an aspiration system with negative 
pressure for the skin deicit. Intramedullary nailing and 
rotational lap for coverage.
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performed simultaneously with coverage or following a safe 
period.66 For this reason, several t reatment  st rategies have 
been established, ixation of the fracture and coverage in 
the same surgical act, removal of the ixator during the 
coverage procedure followed by posterior internal ixation 
when there are no signs of infect ion in the t raj ectories of 
the ixator’s nails, or deinitive treatment with external 
ixation.

The “ix and cover” technique would be indicated in all 
cases where the circumstances of the pat ient  or of the team 
allow coverage to be performed during the irst 72 h.

Many high-energy fractures arise in the context of 
polyt raumat ic inj uries and the t reatment  priority in these 
cases is not  the open fracture, which would force surgery to 
be delayed. In such cases, the t reatment  st rategy involves 
covering the wound as soon as possible and deferring 
internal ixation when there are no signs of infection in the 
t raj ectories of the pins or on the edges of the wound.

The fractures with maj or loss of bone t issue represent  an 
added problem. Circular external ixation associated with 
early coverage is a good t reatment  opt ion if  there is 
considerable diaphyseal defect . When the bone loss is less 
than three cent imet res, considerat ion may be given to a 
shortening of the limb and internal ixation in selected 
cases.

Conclusions

The use of ant ibiot ics in the init ial t reatment  of open 
fractures is a well established concept ; the earlier the 
administ rat ion of ant ibiot ics, the greater the reduct ion of 
the possibilit y of infect ion. It  is a good idea to use a 
cephalosporin in little-exposed fractures and to add an 
aminoglycoside when comminution or signiicant 
contaminat ion is present . Adding penicill in has not  been 
proven to reduce anaerobic infect ions. The prolongat ion of 
ant ibiot ic therapy for more than 3 days provides no 
beneit.

The more radical the debridement , the lower the 
infect ion rate. We have no reliable method available to 
decide whether a devitalized bone fragment , even with 
insert ions, can be retained and which ones must  be 
excised.

The addit ion of soap, ant isept ics and ant ibiot ics init ially 
reduces the bacterial load but  it  may cause a rebound effect  
on bacterial growth after a few hours. Washing at  high 
pressure produces an effect  similar to that  of the addit ives, 
i.e. it  diminishes the inoculum but , by also inj uring the 
pat ient ’s t issues, it  produces a rebound effect , so its use 
should be limited to highly contaminated fractures.

The ixation method of choice for open fractures of the 
diaphysis in lower limbs is int ramedullary nailing. Where 
the characterist ics of the fracture do not  allow its 
placement , considerat ion will be given to osteosynthesis, 
using a plate or external ixator. If osteosynthesis with a 
plate is used, efforts should be made to cover it  ent irely 
with soft  t issues.

The use of external ixators must be limited to cases of 
polyt raumat ic inj ury in which the pat ient ’s general state 
makes them necessary (damage-cont rol surgery), and those 

where the existence of an arterial lesion requires speedy 
stabilizat ion of the fracture focus. In such cases, proceeding 
to int ramedullary nailing must  take place as soon as 
possible.

If the debridement has been exhaustive, a better result 
is obtained with primary closure of the wound. The loss of 
soft  t issue must  be repaired as soon as possible, using the 
simplest  effect ive system on the orthoplast ic ladder: 
secondary closure, free graft, rotational lap, 
microvascularized free lap.

It  is a good idea to use negat ive pressure aspirat ion 
systems between debridement  and coverage, which can in 
some cases spare patients the application of a lap.

Prospect ive randomized studies are few in number and 
their conclusions are occasionally cont radictory. Although 
some t reatment  regimes are clear, every open fracture is 
dif ferent  and their t reatment  must  therefore be adapted to 
each kind of fracture and to each pat ient .

References

1. Villarreal JL, Salcedo C. Fracturas abiertas. Manual SECOT de 

Cirugía Ortopédica y Traumatología. Madrid: Editorial 
Panamerica; 2003. p. 304-21.

2. Dellinger EP, Miller SD, Wertz MJ, Grypma M, Droppert B, 
Anderson PA. Risk of infect ion after open fracture of the arm or 

leg. Arch Surg. 1988;123:1320-7.

3. Patzakis MJ, Harvey JP, Ivler D. The role of antibiotics in the 
management  of open fractures. J Bone Joint  Surg Am. 1974;56-

A:532-41.

4. Gust ilo R, Anderson JT. Prevent ion of infect ion in the t reatment  

of one thousand and twenty-ive open fractures of long bones: 
ret rospect ive and prospect ive analyses. J Bone Joint  Surg Am. 

1976;58-A:453-8.

5. EAST Pract ice management  Working Group. Pract ice 

management  guideline parameters for prophylact ic ant ibiot ics 

in open fractures. [consultado 1/9/2010]. Disponible en http://
www.east .org/ tpg/ openfrac.pdf. Cita elect rónica.

6. Gosselin RA, Roberts I,  Gillespie WJ. Ant ibiot ics for prevent ing 

infection in open limb fractures. Cochrane Database Syst Rev. 
2004;CD003764.

7. Robinson D, On E, Hadas N, Halperin N, Hofman S, Boldur I. 
Microbiologic lora contaminating open fractures: its signiicance 
in the choice of primary ant ibiot ic agents and the likelihood of 

deep wound infect ion. J Orthop Traumatol. 1989;3:283-6.

8. Lee J. Eficacy of cultures in the management of open fractures. 
Clin Orthop Relat  Res. 1997;339:71-5.

9. Carsenti-Etesse H, Doyon F, Desplaces N, Gagey O, Tancrede C, 
Pradier C, et  al.  Epidemiology of bacterial infect ion during 

management  of open leg fractures. Eur J Clin Microbiol Infect  

Dis. 1999;18:315-23.
10. Patzakis MJ, Wilkins J. Factors inluencing infection rate in 

open fracture wounds. Clin Orthop Relat  Res. 1989;243:36-40.

11. Sorger JI,  Kirk PG, Ruhnke CJ, Bj ornson SH, Levy MS, Cockrin J, 

et  al.  Once daily, high dose versus divided, low dose gentamicin 

for open fractures. Clin Orthop Relat  Res. 1999;366:197-204.

12. Patzakis MJ, Bains RS, Lee J, Shepherd L, Singer G, Ressler R, 

et  al.  Prospect ive, randomized, double-blind study comparing 

single-agent antibiotic therapy, ciproloxacin, to combination 
ant ibiot ic therapy in open fracture wounds. J Orthop Trauma. 

2000;14:529-33.

13. Okike K, Bhat tacharyya T. Trends in the management  of open 

fractures. A crit ical analysis. J Bone Joint  Surg Am. 2006;88-

A:2739-48.



Open fractures 409

14. Dellinger EP, Caplan ES, Weaver LD, Wertz MJ, Droppert BM, 
Hoyt N, et al. Duration of preventive antibiotic administration 
for open extremity fractures. Arch Surg. 1988;123:333-9.

15. Ostermann PA, Henry SL, Seligson D. Value of adjuvant local 
ant ibiot ic administ rat ion in therapy of open fractures. A 

comparat ive analysis of 704 consecut ive cases. Langenbecks 

Arch Chir. 1993;378:32-6.

16. Moehring HD, Gravel C, Chapman MW, Olson SA. Comparison of 
ant ibiot ic beads and int ravenous ant ibiot ics in open fractures. 

Clin Orthop Relat  Res. 2000;254-61.

17. Lange R, Bach AW, Hansen ST, Johansen KH. Open t ibial 

fractures with associated vascular inj uries: Prognosis for limb 

salvage. J Traumatol. 1985;25:203-7.

18. Johansen K, Daines M, Howey T, Helfet D, Hansen ST. Objective 
criteria accurately predict  amputat ion following lower 

extremity trauma. J Traumatol. 1990;30:568-72.
19. MacKenzie EJ, Bosse MJ, Kellam JF, Burgess AR, Webb LX, 

Swiontkowski MF, et al, LEAP Study Group. Factors inluencing 
the decision to amputate or reconst ruct  after high-energy 

lower extremity trauma. J Traumatol. 2002;52:641-9.
20. Busse JW, Jacobs CL, Swiontkowski MF, Bosse MJ, Bhandari M, 

Evidence-Based Orthopaedic Trauma Working Group. Complex 
l imb salvage or early amputat ion for severe lower-limb inj ury: 

a meta-analysis of observat ional studies. J Orthop Traumatol. 

2007;21:70-6.

21. Owens BD, Wenke JC. Early wound irrigation improves the 
abilit y to remove bacteria. J Bone Joint  Surg Am. 2007;89-

A:1723-6.

22. Kindsfater K, Jonassen EA. Osteomyelit is in grade II and III open 

t ibia fractures with late debridement . J Orthop Traumatol. 

1995;9:121-7.

23. Spencer J, Smith A, Woods D. The effect of time delay on 
infect ion in open long-bone fractures: a 5-year prospect ive 

audit  from a dist rict  general hospital.  Ann R Coll Surg Engl. 

2004;86:108-12.

24. Adili A, Bhandari M, Schemitsch EH. The biomechanical effect  

of high-pressure irrigat ion on diaphyseal fracture healing in 

vivo. J Orthop Traumatol. 2002;16:413-7.

25. Anglen JO. Comparison of soap and ant ibiot ic solut ions for 

irrigat ion of lower limb open fracture wounds. A prospect ive, 

randomized study. J Bone Joint  Surg Am. 2005;87-A:1415-22.

26. Scully RE, Artz CP, Sako Y. An evaluat ion of the surgeon’s 

criteria for determining the viabilit y of muscle during 

debridement . Arch Surg. 1956;73:1031-5.

27. Hobbs CM, Watkins PE. Evaluat ion of the viabilit y of bone 

fragments. J Bone Joint  Surg Br. 2001;83-B:130-3.

28. Worloch P, Slack R, Harvey L, Mawhinwy R. The prevent ion of 

infection in open fractures: anexperimental study of the effect 
of fracture stabilit y. Inj ury. 1994;25:31-8.

29. Muller ME, Perren SM, Allgower M. Manual of internal ixation: 
techniques recommended by the AO group. 3rd ed. Berlín: 
Springer-Verlag; 1990.

30. Tornet ta P, Bergman M, Watnik N, Berkowitz G, Steuer J. 

Treatment  of grade IIIb open fractures: a prospect ive 

randomised comparison of external ixation and non reamed 
locked nailing. J Bone Joint  Surg Br. 1994;76-B:13-9.

31. Henley MB, Chapman JR, Agel J, Harvey EJ, Whorton AM, 

Swiontokowski MF. Treatment  of type IIIA and IIIB open fractures 

of the t ibial shaft :  aprospecive comparison of undreamed 

interlocking intramedullary nails and half-icha external 
ixation. J Orthop Traumatol. 1998;12:1-7.

32. Tu YK, Lin CH, Su JI, Hsu DT, Chen RJ. Unreamed interlocking 
nail versus external ixator for open type III tibia fractures. J 
Traumatol. 1995;39:361-7.

33. Edwards CC, Simmons SC, Browner BD, Weigel MC. Severe open 
tibial fractures: results treating 202 injuries with external 
ixation. Clin Orthop Relat Res. 1988;230:98-115.

34. Alberts KA, Loohagen G, Einarsdot t ir H. Open t ibial fractures: 

faster union after undreamed nailing than after ixation. Injury. 
1999;30:519-23.

35. Giannoudis PV, Papakost idis C, Roberts C. A review of the 

management  of open fractures of the t ibia and femur. J Bone 

Joint  Surg Br. 2006;88-B:281-9.

36. Pape HC, Auf’ m’ Kolk M, Paffrath T, Regel G, Sturm JA, Tscherne 

H. Primary intramedullary femur ixation in multiple trauma 
pat ients with associated lung contusion: a cause of post -

traumatic ARDS?. J Traumatol. 1993;34:540-7.
37. Antich-Adrover P, Marti-Garín D, Murias-Álvarez J, Puente-

Alonso C. External ixation and secondary intramedullary 
nailing of open t ibial fracture: a randomised, prospect ive t rial.  

J Bone Joint  Surg Br. 1997;79-B:433-7.

38. Blachut PA, Meek RN, O’Brien PJ. External ixation and delayed 
int ramedullary nailing of open fractures of the t ibial shaft :  a 

sequent ial protocol. J Bone Joint  Surg Am. 1990;72-A:729-35.

39. Maurer DJ, Merkow RL, Gustilo RB. Infection after intramedullary 
anilig of severe open t ibial fractures init ially t reated with 

external ixation. J Bone Joint Surg Am. 1989;71-A:835-8.
40. Bone LB, Kassman S, Stegemann P, France J. Prospect ive study 

of union rate of open t ibial fractures t reated with locked, 

undreamed int ramedullary anils. J Orthop Traumatol. 

1994;8:45-9.

41. Reichert LH, McCarthy LD, Hugues SPF. The acute response to 
int ramedullary reaming. J Bone Joint  Surg Br. 1995;77-B:490.

42. Bhandari M, Guyat t  GH, Swiontkowski MF, Schemitsch EH. 

Treatment  of open fractures of the shaft  of the t ibia: a 

systemat ic overview and meta-analysis. J Bone Joint  Surg Br. 

2001;83-B:62-8.

43. Court -Brown CM, McQueen MM, Quaba AA, Christ ie J. Locked 

int ramedullary nailing of open t ibial fractures. J Bone Joint  

Surg Br. 1991;73-B:959-64.

44. Keat ing JF, O’ Brien PJ, Blachut  PA, Meek RN, Broekhuyse HM. 

Locking int ramedullary nailing with and without  reaming for 

open fractures of the t ibial shaft :  a prospect ive, randomized 

study. J Bone Joint  Surg Am. 1997;79-A:334-41.

45. Whorton AM, Henley MB. The role of the ibula in open fractures 
of the tibial shaft with fractures of the ipsilateral ibula: 
indicat ions and outcomes. Orthopaedics. 1998;21:1101-5.

46. Tu YK, Yen CY, Ma CH, Yu SW, Chou YC, Lee MS, et  al.  Soft -t issue 

injury management and lap reconstruction for mangled lower 
extremities. Injury. 2008;39(Suppl 4):75-95.

47. Sirkin L. Fractures with soft  t issue inj uries. En: Browner A., 

editors. Skeletal Trauma. Saunders Elsevier; 2009. p. 367-428.

48. Sanders R, Swiontkowski M, Nunley J, Spiegel P. The management  

of fractures with soft -t issue disrupt ions. J Bone Joint  Surg Am. 

1993;75-A:778-89.

49. MacKenzie EJ, Bosse MJ, Pollak AN, Webb LX, Swiontkowski MF, 

Kellam JF, et  al.  Long-term persistence of disabilit y following 

severe lower-limb t rauma. Results of a seven-year follow-up. J 

Bone Joint  Surg Am. 2005;87-A:1801-9.

50. Ly TV, Travison TG, Cast illo RC, Bosse MJ, MacKenzie EJ. Abilit y 

of lower-extremity injury severity scores to predict functional 
outcome after limb salvage. J Bone Joint  Surg Am. 2008;90-

A:1738-43.

51. Webb LX, Bosse MJ, Cast illo RC, MacKenzie EJ. Analysis of 

surgeon-cont rolled variables in the t reatment  of limb-

threatening type-III open t ibial diaphyseal fractures. J Bone 

Joint  Surg Am. 2007;89-A:923-8.

52. Zalavras CG, Marcus RE, Levin LS, Patzakis MJ. Management  of 

open fractures and subsequent  complicat ions. J Bone Joint  

Surg Am. 2007;89-A:884-95.

53. Gustilo RB, Merkow RL, Templeman D. The management of 
open fractures. J Bone Joint  Surg Am. 1990;72-A:299-304.

54. Patzakis MJ. Management  of open fractures and complicat ions. 

Inst r Course Lect . 1982;31:62-4.



410 J.M. Muñoz Vives et  al 

55. Bowen TR, Widmaier JC. Host classiication predicts infection 
after open fracture. Clin Orthop Relat  Res. 2005;433:205-11.

56. Webb LX, Laver D, DeFranzo A. Negative pressure wound 
therapy in the management  of orthopedic wounds. Ostomy 

Wound Manage. 2004;50:26-7.

57. Dedmond BT, Kortesis B, Punger K, Simpson J, Argenta J, Kulp 
B, et  al.  The use of negat ive-pressure wound therapy (NPWT) 

in the temporary t reatment  of soft -t issue inj uries associated 

with high-energy open t ibial shaft  fractures. J Orthop 

Traumatol. 2007;21:11-7.

58. Quaba AA. Planiicación de la cirugía de tejidos blandos. In: 
Court  Brown, editor. Tratamiento de las fracturas abiertas. 

Edika Med, 1996. p. 185-98.

59. DeLong WG, Born CT, Wei SY, Petrik ME, Ponzio R, Schwab CW. 
Aggressive t reatment  of 119 open fracture wounds. J Traumatol. 

1999;46:1049-54.

60. Gopal S, Giannoudis PV, Murray A, Mat thews SJ, Smith RM. The 

funct ional outcome of severe, open t ibial fractures managed 

with early ixation and lap coverage. J Bone Joint Surg Br. 
2004;86-B:861-7.

61. Gopal S, Majumder S, Batchelor AG, Knight SL, DeBoer P, Smith 
RM. Fix and lap: the radical orthopaedic and plastic treatment 

of severe open fractures of the t ibia. J Bone Joint  Surg Br. 

2000;82-B:959-66.

62. Byrd HS, Cierny G, Tebbet ts JB. The management  of  open 

tibial fractures with associated soft-tissue loss: external icha 
ixation with early lap coverage. Plast Reconstr Surg. 1981;68: 
73-82.

63. Cierny G, Byrd HS, Jones RE. Primary versus delayed soft  t issue 

coverage for severe open t ibial fractures. A comparison of 

results. Clin Orthop Relat  Res. 1983;178:54-63.

64. Godina M. Early microsurgical reconstruction of complex 
trauma of the extremities. Plast Reconstr Surg. 1986;78:285-
92.

65. Pollak AN, McCarthy ML, Burgess AR, The Lower Extremity 
Assessment  Proj ect  (LEAP) Study Group. Short -term wound 

complications after application of laps for coverage of 
t raumat ic soft -t issue defects about  the t ibia. J Bone Joint  Surg 

Am. 2000;82-A:1681-91.

66. Ueno M, Yokoyama K, Nakamura K, Uchino M, Suzuki T, Itoman 

M. Early unreamed int ramedullary nailing without  a safety 

interval and simultaneous lap coverage following external 
ixation in type IIIB open tibial fractures: a report of four 
successful cases. Inj ury. 2006;37:289-92.


