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Abstract

Open fractures are common and their prevalence is increasing in elderly people. The
burden of open fractures is high because of economic and social costs. Most open fractures
occur in lower limbs. The use of validated protocols, will optimize our outcomes when
treating open fractures. The first step began with the proper identification of the fracture
characteristics and the hidden soft tissue injury. The use of an adequate and early antibi-
otic prophylaxis is mandatory and then, we have to perform adequate irrigation and
debridement. Finally, we have to decide to temporally fix the fracture or proceed with
the definitive fixation method. Recently, the creation of dedicated “orthoplastic” units has
increased the outcomes in high-energy tibial fractures. These fractures should be managed
in adequate trauma centers that should be used to face all the complications that will
appear during the reconstruction procedure because complications can be as high as 50%
in high-energy open fractures.
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1. Introduction

Open fractures are common with an incidence of 30 open fractures for every 100,000 people

every year, with an average age of 45 years [1]. Depending on the gender, we can distinguish

two peaks: in males between 15 and 19 years and in females in patients older than 90 years [1].

Road traffic accidents are the main mechanisms of injury in these fractures, but we have seen

an epidemiologic change in the last years because the incidence of open fractures related to

motor vehicle accidents have decreased in the twenty-first century [2]. This lower incidence is
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due to a high decrease in the number of open fractures in the occupants of motor vehicles

probably because of the improvement of vehicles and traffic road security. This situation is in

contrast with an increase, in the last years, in the incidence of open fractures in cyclist,

motorcyclists and pedestrian accidents [2]. There is also a trend to see an increased incidence

of open fractures in the elderly due to all mechanisms (high- and low-energy trauma) [1, 3, 4].

The presence of an open fracture is challenging because of several reasons. First of all, it is a

complicated situation because of the generation of a bone defect or the presence of complex

fracture patterns; second, we have to solve soft tissue coverage, and in some cases, we also

have to recover the blood flow to the extremity.

The management of open fracture has evolved during the last few years, with the introduction

of algorithms and the integration of the “orthoplastic”management, in several trauma units in

hospitals all over the world [5, 6]. We can see in countries, like United Kingdom, the presence

of national protocols to favor an early transfer of patients with these injuries to a trauma center,

in order to improve the final outcomes (British Orthopedic Association Standards for Trauma 4

[BOAST 4]: The management of severe lower limb fractures).

In the case of multiple traumatized patients, open fractures should be individually addressed

in order to minimize the general complications of a prolonged reconstructive procedure,

minimizing the second-hit phenomenon in unstable patients [7–9]. The decision of limb sal-

vage can be difficult to achieve, but in these situations, if we follow a validated protocol, we

can optimize the chances of a favorable outcome.

In this chapter, we present the most recent evidence associated with the management of open

fractures, with the objective of optimizing the management in these injuries, applying vali-

dated protocols in order to maximize the final outcomes obtained in patients with an open

fracture.

2. Classification

Several classifications have been used to classify open fractures. We have chosen two from all

of them because of the utility and spread through the orthopaedic community. The first one

was described by Gustilo [10–12]. He distinguished three scales according to the energy of the

mechanism of injury. The full description is reviewed in Table 1.

We can see in this classification that grade I injuries are simple fractures, usually with the skin

disrupted from the inside because of the spike of the fracture, with limited contamination and

good soft tissue coverage. Grade II injuries are usually the effect of a moderate trauma, with

more soft tissue contusion and a more complex fracture pattern. Grade III injuries are the

consequence of a high-energy trauma; we can find comminution and contamination in the

fracture and an extensive soft tissue injury associated with periosteal striping. If the wound can

be adequately covered and has no vascular injury, it is sub-classified as A. If the fracture cannot

be covered by a soft tissue envelope, and we perform a rotational or free flap procedure to

achieve coverage, we are talking about grade B injuries (Figure 1). It is important to underline
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Table 1. Summary of the Gustilo and Anderson classification, with the division of grade III fractures (red) in grade IIIA,

IIIB and IIIC.

Figure 1. Image A: Clinical picture of an open IIIC fracture of the humerus. Image B: Photograph in the operative theater

of the early and initial management, by temporary fixation with an external fixator, to facilitate vascular reconstruction

and protection of the repair.
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that a partial skin or total skin graft is not considered as criteria to classify the fracture as grade

IIIB. If we have to face a vascular injury that needs to be repaired, we are talking about grade

IIIC. This classification has several utilities: first, it has a prognostic meaning [13], that is, the

higher you move in the scale, the chances of infection and complication increase. The second is

widespread and used worldwide, and it is clinically useful because it can guide the initial

therapy when facing an open fracture.

In 2010, in the Journal of Orthopedic Trauma, an article was published proposing a new classifi-

cation for open fractures based on a meticulous review of the literature made by the Classifica-

tion Committee of the Orthopedic Trauma Association (OTA) [14]. This classification is useful to

classify open fractures of the upper extremity, lower extremity and pelvis in adults and children

in a clinically relevant way. This classification proposed five parameters to be measured: skin,

muscle cover, contamination of the wound, arterial injury and bone loss (Table 2) [14].

3. Initial management

We have to be aware of several difficulties when initially treating an open fracture, the

antibiotic treatment, the time until debridement and the decision of temporally external fixa-

tion versus definitive fixation. Most of the evidence of the management of open fractures in

long bones is based on open tibial management because it is the most frequent bone involved

in open fractures due to its location and characteristics [1].

3.1. Antibiotic prophylaxis

Antibiotic prophylaxis is one of the mainstays of open fracture management. From previous

reports, we know that the most common pathogens involved in the colonization of open

Table 2. Summary of the different conditions included in the classification of the Orthopedic Trauma Association.
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fractures are Coagulase Negative Staphylococci [15], but depending on the geographic situa-

tion, the resistances of these bacteria may change, and orthopedic surgeons should identify the

local resistances of the bacteria in their respective area. It is imperative to prescribe antibiotic

prophylaxis as soon as possible [16, 17] because early antibiotics diminish infection rates in

open fractures [17–19]. This is one of the easiest factors to improve in order to optimize the open

fracture management in our clinical practice [20]. The British Orthopedic Association recom-

mends to administering antibiotics within 3 h from the injury. There is also controversy about

the perfect antibiotic prophylaxis in the treatment of open fractures. Local or national protocols

are of high value if they are adequate to current evidence and population antibiotic resistance.

The British Orthopedic Association (BOAST 4) suggests the use of Co-amoxiclav (1.2 g) or

Cefuroxime (1.5 g) every 8 h and continue until wound debridement. We should choose

clindamycin 600 mg every 6 h if there is a penicillin allergy. Other validated recommendations

are the use of cefazolin and gentamicin [21] or piperacillin/tazobactam for 24 h after debride-

ment [22]. Although the use of vancomycin is safe, it is still controversial except for patients

allergic to penicillin because it seems that it does not have any benefit in patients with open

fractures added to cefazolin [23]. A recent publication suggests a benefit in the use of early

vancomycin powder in the wound (locally) to prevent biofilm formation [24]. Other strategies

for antibiotic elution in the fracture site are being studied, for example, gentamicin-coated nails

are promising, with low infection rates [25], or the use of gentamicin sponges [26].

3.2. Time of debridement

Time of debridement is also a constant controversy [16]. There was a “6-hour rule” in open

fracture for early debridement, but recent publications have put this postulate in doubt. There

is enough evidence that supports that time for debridement is not a main factor that conditions

infection rates or outcomes [16, 27, 28]. This debridement can be safely performed in the first

24 h, and there is consensus to wait within this 24 h for the best conditions, ideally with an

orthoplastic team to plan the reconstruction [6, 29]. Primary early closure of open fractures will

improve outcomes and diminish septic complication [30].

3.3. Negative pressure wound therapy

The use of negative pressure wound therapy in open fractures that cannot be closed, in the first

debridement, is an option that should be considered individually because despite there being

evidence that favors its use as a temporary cover until definitive plastic reconstruction [31, 32],

there is also a concern about its effect in bacterial growth and local antibiotic effectiveness [33].

Negative wound therapy is an alternative for temporary wound closure in those patients

whose condition contraindicates the reconstruction (e.g. polytrauma patients who are not

suitable for surgery). In those cases, we should maintain the dressings and change them in

short periods of time [32]. A defined limit period of time to use negative pressure wound

therapy is not clear, and despite its complications, it is reasonable to extend its use in cases of

impossibility of soft tissue coverage because in these situations, it seems to decrease the

complications when compared to wet dressings [31]. It is safe to proceed with the conversion
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from external fixation to internal fixation, in the presence of negative pressure wound therapy,

if we hold on the safe interval accepted for conversion from external fixation to internal

fixation (less than 2 weeks) [34].

3.4. Initial fixation

Another point of conflict is the initial fixation method for open fractures, particularly, in femur

and tibia. It is important to obtain an adequate fixation, in order to minimize pain, optimize

wound and facilitate patient manipulation. It seems that grades I and II open fractures can be

managed in a similar way like close fractures, with the adequate antibiotic prophylaxis and

wound debridement and closure [18], and in the case of tibial fractures, the use of reamed

intramedullary nails seems to be reasonable [35] and the use of temporary plating can be a

trick to achieve anatomic reduction [36]. More controversies exist in grade III open fracture

management. In grade IIIA, the use of non-reamed intramedullary nails seems to be a good

and safe option (superior), compared to temporary external fixation in fractures with mini-

mum bone defect, with minimized complications and good union rates [37, 38]. Recent

reviews suggest that reamed nailing is not inferior to unreamed nailing in terms of function

[38, 39] in grade IIIB open tibial fractures. In these fractures, there is evidence that supports the

use of similar treatment options than those used for grade IIIA, and in those situations, early

wound coverage is done and minimum bone defect is present [5]. If we are in the presence of a

bone defect, the use of a protocoled treatment with temporary external fixation may be useful

for definitive treatment. In the case of using an external fixator to temporary or definitive

management, we should have in mind that future interventions should avoid damaging

essential structures or compromise future reconstructive procedures. New modular devices

allow us to achieve adequate fixation with different configurations and prevent inadvertent

injuries or compromise future approaches.

Early management of IIIC and some IIIB fractures should be first guided by the need of

amputation versus limb salvage, and this topic will be shown in a dedicated chapter. In the

case of a IIIC open fracture, vascular repair is mandatory, and our efforts should be focused in

obtaining a quick and stable fixation to protect the vascular repair (Figure 2). In these cases, we

should also consider early preventive fasciotomies to prevent compartment syndrome caused

by a revascularized ischemic limb.

3.5. Compartment syndrome

The suspicion of a compartment syndrome should always be present in high-energy trauma,

especially in non-conscious patients. Compartment pressure should be measured in case of

doubt in these patients, and if there is an increase, or high clinical suspicion, a fasciotomy

should be performed [40, 41]. Compartment syndrome is more frequent in young patients with

closed fractures, managed by external fixation and intramedullary nailing, but it can also

develop in an open fracture, particularly if we closed the fascial compartment with tension

[42]. The use of drains and lax closure (or non-closure) of the fascia will help to prevent the

increase of the fascial compartment pressure. The use of continuous pressure monitoring
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seems to be an option for selected patients, but it is not efficient to use routinely in all patients

[43, 44].

3.6. Referral to a trauma center

If we have to treat a complex open fracture, in a center without the resources to make the

reconstruction, it would be a good option to complete antibiotic prophylaxis, immobilize the

injury in a proper way after an initial clinical assessment and refer the patient to a trauma center

as soon as possible, especially in the presence of a vascular injury that we would not be able to

repair. In the case that the patient needs a long transfer to the definitive centre, or the initial

debridement surgery would not be performed within 24 h, it is considered a good option to

temporary apply an external fixation, perform the irrigation and debridement and then transfer

the patient to a trauma centre to perform the reconstructive procedure.

Figure 2. A complete reconstructive procedure in an open fracture grade IIIB tibial fracture, in a 43-year-old female. Image

A: photograph in the emergency department of a grade IIIB open fracture in the emergency department. Image B:

photograph in the operative theater, temporary fixation of the fracture with an external fixation. Image C: X-ray of the

temporarily stabilized fracture with an external fixator, after soft-tissue and bone debridement. Image D: the final soft tissue

coverage of the injury. Image E: an anteroposterior and lateral X-ray, after definitive fixation of the fracture with a nail.
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4. Definitive management

There are several options to finally address an open fracture, and we should select the method

appropriate for the clinical situation. In the case of polytrauma patients and high-energy

trauma, most of the patients are treated with temporally external fixation and later with

definitive conversion to internal fixation (Figure 2).

Depending on the situation, we should choose the appropriate moment to perform this con-

version to internal fixation. In the case of unstable patients, the best moment for internal

conversion is given by patient situation and systemic status, but it is safe to perform this

conversion in an interval of time lesser than 14 days [45]. There are several articles that calculate

the infection rate of the conversion from external to internal fixation, with percentages that

move between 0 and 40, depending on the interval between the injury and the definitive

internal fixation with a nail, in long bones of the lower limb (Table 3).

In the case of upper extremity, the use of plates is more common, and in humeral open

fractures, it is safe to perform the conversion from external fixation to a plate during the first

2 weeks after the injury, with a reasonable complication rate [56].

In some circumstances, we may have to treat a fracture fixed with an external fixator for a long

time (more than 4 weeks). In this situation, it is reasonable to retire the external fixator, use an

orthosis or a cast, and wait for 2–4 weeks to perform the definitive internal fixation, if there are

no septic complications. Another option is to use an external fixator as the definitive device to

treat the fracture; this is a good option in patients who are not amenable for internal fixation.

Table 3. A review of articles is given, which focuses on the complication rate, after conversion from external fixation to

internal fixation [34, 46–55].
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The use of computer-assisted orthopaedic devices will help to correct and treat sequelae

caused by temporally external fixation (Figure 3).

5. Limb salvage or amputation

Most evidence about the decision between limb salvage and amputation is obtained from the

lower extremity assessment project (LEAP) study and war-related trauma studies. Several

rating scores have been proposed to facilitate the decision, for example, the OTA classification

for open fractures, the Mangled extremity severity score or the Ganga Hospital Score [57–60].

Recent publications have demonstrated that these scores should be reviewed to include the

new therapeutic advances to prevent amputation and improve the sensitivity and specificity of

these scores [61], so these scores alone should not be the only criteria to make our decision.

Because of legal reasons, it is important to include in the clinical records, the anamnesis and

graphical documents of the injury, especially in those cases we have decided to perform

amputation.

Figure 3. The treatment of an open grade bifocal IIIB fracture in an 82-year-old female. Image A: initial X-ray of the

patient who was treated with an external fixation for 3 months, with no callus formation and development of a malunion.

The patient required multiple coverage procedures during this period of time. Image B: initial X-ray after the patient was

treated with a Taylor Spatial Frame, correction begun. Image C: X-ray after 6 months since the implantation of the TSF.

The fracture is healed, good alignment and full soft-tissue coverage is achieved.

Management of Open Fracture
http://dx.doi.org/10.5772/intechopen.74280

31



From previous studies, we know that in case of limb conservation, we will face a secondary

amputation rate of 3.9%, a complication rate near 40% (10% infections), a 24% non-union rate

and an 8% of long-term osteomyelitis. In the case of amputation, we have to consider a

reamputation rate of 5.4% and a 25% complication rate in the first 3 months (1/3 infections).

At 7 years post-injury, patients treated with amputation or limb salvage procedure were found

to have similarly poor outcomes [62], but costs were higher for amputee patients because of the

cost of the prostheses [63].

The factors that can modify outcomes, in patients with mangled extremities, are numerous:

tobacco consumption is one of the most important, with an increase of 37% in the non-union

rate, an increase higher than two times in infection and almost four times in osteomyelitis.

Ceasing smoking will improve the union rate, the infection rate and the risk of osteomyelitis,

but patients will never have the same risk as a non-smoker. Personal status, education level,

gender, age, economic status and patient self-esteem are pre-lesional factors, and worker

compensations, depression, SIP score, walking speed, pain and aggressive physiotherapy are

post-lesional factor that will modify the outcomes [64–68].

6. Complications

Complication rates in open fractures are dependent on the type of injury. Commonly, we can

say that complication rates increase with the Gustilo classification [13, 69]. We can expect a

high complication rate for most grade III open fractures, but only a small increase in compli-

cations for grade I and II open fractures [69].

For grade I fractures, we can assume a complication rate near close fractures, if they are

managed in a proper way, and patients will recover fast [70].

In grade II fractures, the complication rate would be slightly higher than seen in close fractures

or grade I [13]. We will appreciate a low increase in the infection rate, and patients would

experience a delay in the time until full recovery [70, 71]. In these situations, the use of a plate,

if indicated, would not increase the infection rate [71].

In the case of tibial open fractures, from grades IA to IIIA, if they can be managed initially by a

nail, with a proper protocol, the complication rate would be similar to close fractures in the

first 30 days after the injury [72].

In limb-threatening injuries, if we choose a salvage procedure, we can expect a high complication

rate. If we look for the lower extremity assessment project (LEAP) study group outcomes, we will

find wound infections in 23% of patients, 31% of non-unions, 5% of malunions and 9% of

osteomyelitis [73] in these injuries. These complications would decrease functions in these patients.

Complications would also favor the development of secondary complications, for example, if a

patient suffers an infection, he/she will also increase the non-union and delay healing rate

(with an odds ratio higher than 4) [74].
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7. Conclusions

Open fractures can produce a huge disability in patients. The use of evidence-based protocols

and treatments will help us to optimize patient’s outcomes. Centers used to manage high-

energy trauma with an “orthoplastic” team will achieve the best results in open fractures,

specially grade III, and will be prepared to manage the devastating complications that will

appear during the reconstructive steps of these fractures.

Acknowledgements

The authors’ research is supported by research grants from the Fondo de Investigación Sani-

taria funded by the Instituto de Salud Carlos III and FEDER (PI16/01870, CP15/00007). R.G. is

funded by the Instituto de Salud Carlos III through a Miguel Servet programme. R.G. is a

member of the RETICS Programme, RD12/0009/0008 Instituto de Salud Carlos III (ISCIII).

Conflict of interest

Authors declare that they do not have conflict of interest.

Author details

Alberto Jorge-Mora1,2,3*, Samer Amhaz-Escanlar1,3, Iván Couto González1,4,

Cristina López-Del Teso1,3, Rodolfo Gómez2, Teresa Jorge-Mora5, José Ramón Caeiro-Rey1,3

and Jesús Pino-Mínguez1,3

*Address all correspondence to: aljmora@gmail.com

1 Hospital Clínico Universitario de Santiago de Compostela, Orthopaedic Department,

Santiago de Compostela, Spain

2 Musculoskeletal Pathology Group, Institute IDIS, Santiago de Compostela, Spain

3 University of Santiago de Compostela, Santiago de Compostela, Spain

4 Hospital Clínico Universitario de Santiago de Compostela, Plastic Surgery Department,

Santiago de Compostela, Spain

5 Complexo Hospitalario de Pontevedra, Physical Medicine and Rehabilitation Department,

Pontevedra, Spain

Management of Open Fracture
http://dx.doi.org/10.5772/intechopen.74280

33



References

[1] Court-Brown CM, Bugler KE, Clement ND, Duckworth AD, McQueen MM. The epide-

miology of open fractures in adults. A 15-year review. Injury. 2012;43(6):891-897

[2] Winkler D, Goudie ST, Court-Brown CM. The changing epidemiology of open fractures

in vehicle occupants, pedestrians, motorcyclists and cyclists. Injury. 2017. Published

online ahead of print

[3] Court-Brown CM, Clement ND, Duckworth AD, Biant LC, McQueen MM. The changing

epidemiology of fall-related fractures in adults. Injury. 2017;48(4):819-824

[4] Giannoudis PV, Harwood PJ, Court-Brown C, Pape HC. Severe and multiple trauma in

older patients; incidence and mortality. Injury. 2009;40(4):362-367

[5] Fernandez MA, Wallis K, Venus M, Skillman J, Young J, Costa ML. The impact of a

dedicated orthoplastic operating list on time to soft tissue coverage of open lower limb

fractures. Annals of the Royal College of Surgeons of England. 2015;97(6):456-459

[6] Court-Brown CM, Honeyman CS, Clement ND, Hamilton SA, McQueen MM. The role of

primary plastic surgery in the management of open fractures. Injury. 2015;46(12):2443-2447

[7] Giannoudis PV, Pape HC. Damage control orthopaedics in unstable pelvic ring injuries.

Injury. 2004;35(7):671-677

[8] Hildebrand F, Giannoudis P, Kretteck C, Pape HC. Damage control: extremities. Injury.

2004;35(7):678-689

[9] Lichte P, Kobbe P, Dombroski D, Pape HC. Damage control orthopedics: current evi-

dence. Current Opinion in Critical Care. 2012;18(6):647-650

[10] Gustilo RB, Simpson L, Nixon R, Ruiz A, Indeck W. Analysis of 511 open fractures.

Clinical Orthopaedics and Related Research. 1969;66:148-154

[11] Gustilo RB, Mendoza RM, Williams DN. Problems in the management of type III (severe)

open fractures: A new classification of type III open fractures. The Journal of Trauma.

1984;24(8):742-746

[12] Gustilo RB, Anderson JT. Prevention of infection in the treatment of one thousand and

twenty-five open fractures of long bones: Retrospective and prospective analyses. The

Journal of Bone and Joint Surgery. American Volume. 1976;58(4):453-458

[13] Thakore RV, Francois EL, Nwosu SK, Attum B, Whiting PS, Siuta MA, et al. The Gustilo-

Anderson classification system as predictor of nonunion and infection in open tibia

fractures. European Journal of Trauma and Emergency Surgery. 2017;43(5):651-656

[14] Orthopaedic Trauma Association: Open Fracture Study G. A new classification scheme

for open fractures. Journal of Orthopaedic Trauma. 2010;24(8):457-464

[15] Otchwemah R, Grams V, Tjardes T, Shafizadeh S, Bathis H, Maegele M, et al. Bacterial

contamination of open fractures—Pathogens, antibiotic resistances and therapeutic regimes

Trauma Surgery34



in four hospitals of the trauma network Cologne, Germany. Injury. 2015;46(Suppl 4):

S104-S108

[16] Jorge-Mora A, Rodriguez-Martin J, Pretell-Mazzini J. Timing issue in open fractures

debridement: A review article. European Journal of Orthopaedic Surgery and Traumato-

logy. 2013;23(2):125-129

[17] Lack WD, Karunakar MA, Angerame MR, Seymour RB, Sims S, Kellam JF, et al. Type III

open tibia fractures: Immediate antibiotic prophylaxis minimizes infection. Journal of

Orthopaedic Trauma. 2015;29(1):1-6

[18] Godfrey J, Pace JL. Type I open fractures benefit from immediate antibiotic administration

but not necessarily immediate surgery. Journal of Pediatric Orthopedics. 2016;36(Suppl 1):

S6-S10

[19] Penn-Barwell JG, Murray CK, Wenke JC. Early antibiotics and debridement indepen-

dently reduce infection in an open fracture model. Journal of Bone and Joint Surgery.

British Volume (London). 2012;94(1):107-112

[20] Johnson JP, Goodman AD, Haag AM, Hayda RA. Decreased time to antibiotic prophy-

laxis for open fractures at a level one trauma center. Journal of Orthopaedic Trauma. 2017;

31(11):596-599

[21] Hauser CJ, Adams CA Jr, Eachempati SR, Council of the Surgical Infection S. Surgical

Infection Society guideline: Prophylactic antibiotic use in open fractures: An evidence-

based guideline. Surgical Infections. 2006;7(4):379-405

[22] Redfern J, Wasilko SM, Groth ME, McMillian WD, Bartlett CS 3rd. Surgical site infections

in patients with type 3 open fractures: Comparing antibiotic prophylaxis with cefazolin

plus gentamicin versus piperacillin/tazobactam. Journal of Orthopaedic Trauma. 2016;

30(8):415-419

[23] Saveli CC, Morgan SJ, Belknap RW, Ross E, Stahel PF, Chaus GW, et al. Prophylactic

antibiotics in open fractures: A pilot randomized clinical safety study. Journal of Ortho-

paedic Trauma. 2013;27(10):552-557

[24] Tennent DJ, Shiels SM, Sanchez CJ Jr, Niece KL, Akers KS, Stinner DJ, et al. Time-

dependent effectiveness of locally applied vancomycin powder in a contaminated trau-

matic orthopaedic wound model. Journal of Orthopaedic Trauma. 2016;30(10):531-537

[25] Fuchs T, Stange R, Schmidmaier G, Raschke MJ. The use of gentamicin-coated nails in the

tibia: preliminary results of a prospective study. Archives of Orthopaedic and Trauma

Surgery. 2011;131(10):1419-1425

[26] Chaudhary S, Sen RK, Saini UC, Soni A, Gahlot N, Singh D. Use of gentamicin-loaded

collagen sponge in internal fixation of open fractures. Chinese Journal of Traumatology.

2011;14(4):209-214

[27] Crowley DJ, Kanakaris NK, Giannoudis PV. Debridement and wound closure of open

fractures: The impact of the time factor on infection rates. Injury. 2007;38(8):879-889

Management of Open Fracture
http://dx.doi.org/10.5772/intechopen.74280

35



[28] Srour M, Inaba K, Okoye O, Chan C, Skiada D, Schnuriger B, et al. Prospective evaluation

of treatment of open fractures: Effect of time to irrigation and debridement. JAMA

Surgery. 2015;150(4):332-336

[29] Ali AM, McMaster JM, Noyes D, Brent AJ, Cogswell LK. Experience of managing open

fractures of the lower limb at a major trauma centre. Annals of the Royal College of

Surgeons of England. 2015;97(4):287-290

[30] Scharfenberger AV, Alabassi K, Smith S, Weber D, Dulai SK, Bergman JW, et al. Primary

wound closure after open fracture: A prospective cohort study examining nonunion and

deep infection. Journal of Orthopaedic Trauma. 2017;31(3):121-126

[31] Rezzadeh KS, Nojan M, Buck A, Li A, Vardanian A, Crisera C, et al. The use of negative

pressure wound therapy in severe open lower extremity fractures: Identifying the associ-

ation between length of therapy and surgical outcomes. The Journal of Surgical Research.

2015;199(2):726-731

[32] Liu DS, Sofiadellis F, Ashton M, MacGill K, Webb A. Early soft tissue coverage and

negative pressure wound therapy optimises patient outcomes in lower limb trauma.

Injury. 2012;43(6):772-778

[33] Stinner DJ, Hsu JR, Wenke JC. Negative pressure wound therapy reduces the effective-

ness of traditional local antibiotic depot in a large complex musculoskeletal wound

animal model. Journal of Orthopaedic Trauma. 2012;26(9):512-518

[34] Gill SP, Raj M, Kumar S, Singh P, Kumar D, Singh J, et al. Early conversion of external

fixation to interlocked nailing in open fractures of both bone leg assisted with vacuum

closure (VAC)—Final outcome. Journal of Clinical and Diagnostic Research. 2016;10(2):

RC10-RC14

[35] Duyos OA, Beaton-Comulada D, Davila-Parrilla A, Perez-Lopez JC, Ortiz K, Foy-Parrilla

C, et al. Management of open tibial shaft fractures: Does the timing of surgery affect

outcomes? The Journal of the American Academy of Orthopaedic Surgeons. 2017;25(3):

230-238

[36] Ludwig M, Hymes RA, Schulman J, Pitta M, Ramsey L. Intramedullary nailing of open

tibial fractures: Provisional plate fixation. Orthopedics. 2016;39(5):e931-e936

[37] Mohseni MA, Soleimanpour J, Mohammadpour H, Shahsavari A. AO tubular external

fixation vs. unreamed intramedullary nailing in open grade IIIA-IIIB tibial shaft fractures:

A single-center randomized clinical trial. Pakistan Journal of Biological Sciences. 2011;

14(8):490-495

[38] Foote CJ, Guyatt GH, Vignesh KN, Mundi R, Chaudhry H, Heels-Ansdell D, et al. Which

surgical treatment for open tibial shaft fractures results in the fewest reoperations? A

network meta-analysis. Clinical Orthopaedics and Related Research. 2015;473(7):

2179-2192

[39] Shao Y, Zou H, Chen S, Shan J. Meta-analysis of reamed versus unreamed intramedullary

nailing for open tibial fractures. Journal of Orthopaedic Surgery and Research. 2014;9:74

Trauma Surgery36



[40] Harvey EJ, Sanders DW, Shuler MS, Lawendy AR, Cole AL, Alqahtani SM, et al. What's

new in acute compartment syndrome? Journal of Orthopaedic Trauma. 2012;26(12):

699-702

[41] Via AG, Oliva F, Spoliti M, Maffulli N. Acute compartment syndrome. Muscles Liga-

ments Tendons J. 2015;5(1):18-22

[42] McQueen MM, Duckworth AD, Aitken SA, Sharma RA, Court-Brown CM. Predictors of

compartment syndrome after tibial fracture. Journal of Orthopaedic Trauma. 2015;29(10):

451-455

[43] McQueen MM, Duckworth AD, Aitken SA, Court-Brown CM. The estimated sensitivity

and specificity of compartment pressure monitoring for acute compartment syndrome.

The Journal of Bone and Joint Surgery. American Volume. 2013;95(8):673-677

[44] Harris IA, Kadir A, Donald G. Continuous compartment pressure monitoring for tibia

fractures: Does it influence outcome? The Journal of Trauma. 2006;60(6):1330-1335 discus-

sion 5

[45] Lavini F, Carita E, Dall'oca C, Bortolazzi R, Gioia G, Bonometto L, et al. Internal femoral

osteosynthesis after external fixation in multiple-trauma patients. Strategies Trauma Limb

Reconstr. 2007;2(1):35-38

[46] Wu CC, Shih CH. Treatment of open femoral and tibial shaft fractures preliminary report

on external fixation and secondary intramedullary nailing. Journal of the Formosan

Medical Association. 1991;90(12):1179-1185

[47] Winkler H, Hochstein P, Pfrengle S, Wentzensen A. Change in procedure to reamed

intramedullary nail in diaphyseal femoral fractures after stabilization with external

fixator. Zentralblatt für Chirurgie. 1998;123(11):1239-1246

[48] Scalea TM, Boswell SA, Scott JD, Mitchell KA, Kramer ME, Pollak AN. External fixation

as a bridge to intramedullary nailing for patients with multiple injuries and with femur

fractures: Damage control orthopedics. The Journal of Trauma. 2000;48(4):613-621 discus-

sion 21–3

[49] Paderni S, Trentani P, Grippo G, Bianchi G, Squarzina PB, Tigani D. Intramedullary

osteosynthesis after external fixation. Chirurgia Degli Organi di Movimento. 2001;86(3):

183-190

[50] Nowotarski PJ, Turen CH, Brumback RJ, Scarboro JM. Conversion of external fixation to

intramedullary nailing for fractures of the shaft of the femur in multiply injured patients.

The Journal of Bone and Joint Surgery. American Volume. 2000;82(6):781-788

[51] Mody RM, Zapor M, Hartzell JD, Robben PM, Waterman P, Wood-Morris R, et al. Infec-

tious complications of damage control orthopedics in war trauma. The Journal of Trauma.

2009;67(4):758-761

[52] Marshall PD, Saleh M, Douglas DL. Risk of deep infection with intramedullary nailing

following the use of external fixators. Journal of the Royal College of Surgeons of Edin-

burgh. 1991;36(4):268-271

Management of Open Fracture
http://dx.doi.org/10.5772/intechopen.74280

37



[53] Hontzsch D, Weller S, Engels C, Kaiserauer S. Change in the procedure from external

fixator to intramedullary nailing osteosynthesis of the femur and tibia. Aktuelle

Traumatologie. 1993;23(Suppl 1):21-35

[54] Harwood PJ, Giannoudis PV, Probst C, Krettek C, Pape HC. The risk of local infective

complications after damage control procedures for femoral shaft fracture. Journal of Ortho-

paedic Trauma. 2006;20(3):181-189

[55] Galvin JW, Dannenbaum JH, Tubb CC, Poepping TP, Grassbaugh JA, Arrington ED.

Infection rate of intramedullary nailing in closed fractures of the femoral diaphysis after

temporizing external fixation in an austere environment. Journal of Orthopaedic Trauma.

2015;29(9):e316-e320

[56] Suzuki T, Hak DJ, Stahel PF, Morgan SJ, Smith WR. Safety and efficacy of conversion from

external fixation to plate fixation in humeral shaft fractures. Journal of Orthopaedic

Trauma. 2010;24(7):414-419

[57] Hao J, Cuellar DO, Herbert B, Kim JW, Chadayammuri V, Casemyr N, et al. Does the OTA

open fracture classification predict the need for limb amputation? A retrospective obser-

vational cohort study on 512 patients. Journal of Orthopaedic Trauma. 2016;30(4):194-198

[58] Rajasekaran S, Naresh Babu J, Dheenadhayalan J, Shetty AP, Sundararajan SR, Kumar M,

et al. A score for predicting salvage and outcome in Gustilo type-IIIA and type-IIIB open

tibial fractures. Journal of Bone and Joint Surgery. British Volume (London). 2006;88(10):

1351-1360

[59] Fochtmann A, Mittlbock M, Binder H, Kottstorfer J, Hajdu S. Potential prognostic factors

predicting secondary amputation in third-degree open lower limb fractures. Journal of

Trauma and Acute Care Surgery. 2014;76(4):1076-1081

[60] Bosse MJ, MacKenzie EJ, Kellam JF, Burgess AR, Webb LX, Swiontkowski MF, et al. A

prospective evaluation of the clinical utility of the lower-extremity injury-severity scores.

The Journal of Bone and Joint Surgery. American Volume. 2001;83-A(1):3-14

[61] Loja MN, Sammann A, DuBose J, Li CS, Liu Y, Savage S, et al. The mangled extremity

score and amputation: Time for a revision. Journal of Trauma and Acute Care Surgery.

2017;82(3):518-523

[62] MacKenzie EJ, Bosse MJ, Pollak AN, Webb LX, Swiontkowski MF, Kellam JF, et al. Long-

term persistence of disability following severe lower-limb trauma. Results of a seven-year

follow-up. The Journal of Bone and Joint Surgery. American Volume. 2005;87(8):1801-1809

[63] MacKenzie EJ, Jones AS, Bosse MJ, Castillo RC, Pollak AN, Webb LX, et al. Health-care

costs associated with amputation or reconstruction of a limb-threatening injury. The

Journal of Bone and Joint Surgery. American Volume. 2007;89(8):1685-1692

[64] Webb LX, Bosse MJ, Castillo RC, MacKenzie EJ, Group LS. Analysis of surgeon-controlled

variables in the treatment of limb-threatening type-III open tibial diaphyseal fractures.

The Journal of Bone and Joint Surgery. American Volume. 2007;89(5):923-928

Trauma Surgery38



[65] MacKenzie EJ, Bosse MJ. Factors influencing outcome following limb-threatening lower

limb trauma: Lessons learned from the Lower Extremity Assessment Project (LEAP). The

Journal of the American Academy of Orthopaedic Surgeons. 2006;14(10 Spec No):

S205-S210

[66] Archer KR, Castillo RC, Mackenzie EJ, Bosse MJ, Group LS. Physical disability after

severe lower-extremity injury. Archives of Physical Medicine and Rehabilitation. 2006;

87(8):1153-1155

[67] Castillo RC, MacKenzie EJ, Wegener ST, Bosse MJ, Group LS. Prevalence of chronic pain

seven years following limb threatening lower extremity trauma. Pain. 2006;124(3):321-329

[68] Castillo RC, MacKenzie EJ, Webb LX, Bosse MJ, Avery J, Group LS. Use and perceived

need of physical therapy following severe lower-extremity trauma. Archives of Physical

Medicine and Rehabilitation. 2005;86(9):1722-1728

[69] Lua J, Tan VH, Sivasubramanian H, Kwek E. Complications of open tibial fracture man-

agement: Risk factors and treatment. Malaysian Orthopaedic Journal. 2017;11(1):18-22

[70] Kwasnicki RM, Hettiaratchy S, Okogbaa J, Lo B, Yang GZ, Darzi A. Return of functional

mobility after an open tibial fracture: A sensor-based longitudinal cohort study using the

Hamlyn Mobility Score. The Bone & Joint Journal. 2015;97-B(8):1118-1125

[71] Kim JK, Park SD. Outcomes after volar plate fixation of low-grade open and closed distal

radius fractures are similar. Clinical Orthopaedics and Related Research. 2013;471(6):

2030-2035

[72] Smith EJ, Kuang X, Pandarinath R. Comparing hospital outcomes between open and

closed tibia fractures treated with intramedullary fixation. Injury. 2017;48(7):1609-1612

[73] Harris AM, Althausen PL, Kellam J, Bosse MJ, Castillo R, Lower Extremity Assessment

Project Study G. Complications following limb-threatening lower extremity trauma. Jour-

nal of Orthopaedic Trauma. 2009;23(1):1-6

[74] Westgeest J, Weber D, Dulai SK, Bergman JW, Buckley R, Beaupre LA. Factors associated

with development of nonunion or delayed healing after an open long bone fracture: A

prospective cohort study of 736 subjects. Journal of Orthopaedic Trauma. 2016;30(3):149-155

Management of Open Fracture
http://dx.doi.org/10.5772/intechopen.74280

39




