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SUMMARY 
Introduction: An open or exposed fracture is a fracture that has communication with the external environment through a skin wound. 

Usually these types of severe fractures require treatment by the orthopedic and plastic surgery team to address both bone and soft tissue 

injuries. 

Objective: to detail current information related to open fractures, description, epidemiology, evaluation, classification, treatment and 

complications. 

Methodology: a total of 33 articles were analyzed in this review, including review and original articles, as well as clinical cases, of 

which 20 bibliographies were used because the other articles were not relevant to this study. The sources of information were PubMed, 
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Google Scholar and Cochrane; the terms used to search for information in Spanish, Portuguese and English were: exposed fractures, 

open fractures, acute trauma, compartment syndrome, vascular injury, debridement. 

Results: the general average age of onset is 45.5 years, the incidence decreases in men and increases in women with age. Automobile 

accidents are the most common cause of open fractures of the lower limbs, accounting for approximately 34.1% of these injuries. The 

highest incidence of open fractures in males is between 15 and 19 years, the highest incidence in females is between 80 and 89 years. 

Conclusions: Knowledge of the management of open fractures is of vital importance, due to the fact that this type of fracture presents 

a high risk of infections, as well as other types of complications. The initial approach to the injured individual with an open fracture 

should be based on the principles of Advanced Trauma Life Support (ATLS). Clinical and imaging evaluation is important in this type 

of fracture, as well as recognizing the value of the classification systems that play a critical role when treating surgically. Irrigation 

and debridement remain the gold standards for proper wound management. The most important point in the treatment of an open 

fracture is proper lavage and debridement.  

KEY WORDS: trauma, open fractures, bone exposure, treatment. 

 

INTRODUCTION 
An open or exposed fracture is a fracture that has communication 

with the external environment through a skin wound. Usually 

these types of severe fractures require treatment by the orthopedic 

and plastic surgery team to address both bone and soft tissue 

injuries. Open fractures are usually high-energy traumatic injuries 

that commonly occur in traffic accidents, blast injuries in conflict 

zones and sports. These types of fractures present a high risk of 

infection, as well as delayed healing, pseudarthrosis and delayed 

return to function when compared to closed fractures, primarily 

when not treated correctly. In the management of these fractures, 

contaminants and non-viable tissue must be removed and the 

wound closed, becoming closed fractures when the fracture is 

stabilized. Among some distinctive aspects of severe open 

fractures are: bone loss, significant bone fragmentation either 

comminution or segmentation, loss of skin in a way that does not 

allow a tension-free closure after wound excision and injury to 

any of the important arteries of the leg(1-3). 

 

METHODOLOGY 
A total of 33 articles were analyzed in this review, including 

review and original articles, as well as cases and clinical trials, of 

which 20 bibliographies were used because the information 

collected was not important enough to be included in this study. 

The sources of information were Cochrane, PubMed and Google 

Scholar; the terms used to search for information in Spanish, 

Portuguese and English were: exposed fractures, open fractures, 

acute trauma, compartment syndrome, vascular injury, 

debridement. 

 

The choice of bibliography exposes elements related to open 

fractures; in addition to this factor, description, epidemiology, 

evaluation, classification, treatment and complications are 

presented. 

 

DEVELOPMENT  
DESCRIPTION 

An open fracture is one in which a break in the skin and 

underlying soft tissues communicates directly with the fracture 

and its hematoma. One third of individuals with open fractures 

are polytraumatized. Any wound located in the same segment of 

the fractured extremity should be considered an open fracture 

until proven otherwise. Soft tissue injuries in an open fracture 

usually carry some consequences such as:  

Contamination from exposure to the external environment.  

Crushing, denudation, lack of vascularization and increased 

susceptibility to infection.  

Loss or destruction of soft tissue coverage, altering 

immobilization, the contribution of soft tissue to healing and 

generating functional loss(2,4). 

 

EPIDEMIOLOGY 

There are studies showing an incidence of open fractures in adults 

close to 30.7 per 100,000 people per year. The general average 

age of onset is 45.5 years, the incidence decreases in men and 

increases in women with age. Motor vehicle accidents are the 

most common cause of open fractures of the lower limbs, 

accounting for approximately 34.1% of these injuries. Crush 

injuries account for 39.5% of open fractures of the lower 

extremities. The highest incidence of open fractures in males is 

between the ages of 15 and 19 years, with approximately 54.5 per 

100,000 persons per year, while the highest incidence in females 

is approximately 53.0 per 100,000 persons per year between the 

ages of 80 and 89 years. Open phalangeal fractures are the most 

frequent open fractures, accounting for more than 45% of all open 

injuries. The most frequent long bone fracture is that of the tibia 

and fibula in about 11.2%(3,5-7). 

 

 

 

 

 

 

 

 

 

https://doi.org/10.36713/epra2013


                                                                                                                                                                               ISSN (Online): 2455-3662 
EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 
Volume: 9| Issue: 11| November2023|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2023: 8.224 || ISI Value: 1.188 

 
 

2023 EPRA IJMR    |    http://eprajournals.com/   |    Journal DOI URL: https://doi.org/10.36713/epra2013--------------------------------------------------------------------311 

Figure 1. Open fracture involving the carpal bones of the left hand. 

 
          Source: The Authors. 

 

MECHANISM OF INJURY  

They are usually caused by exerting violent force. Individuals 

with open fractures have a history of high velocity related trauma. 

The applied kinetic energy (0.5 mv 2 ) is dissipated in soft tissue 

and bone structures. The displacement of bone fragments and 

comminution guide the level of soft tissue injury, being 

equivalent to the applied force(2,3). 

 

CLINICAL ASSESSMENT 

The initial approach to the injured individual with an open 

fracture should follow the principles of Advanced Trauma Life 

Support (ATLS), where life-threatening issues are made known 

and managed in a logical, hierarchical progression, with the most 

life-threatening issue being addressed first(1). 

1. ABCDE: airway, breathing, circulation, disability and 

exposure.  

2. Resuscitation and treatment of life-threatening injuries.  

3. Cranial, thoracic, abdominal, pelvic and spinal injuries 

must be evaluated.  

4. Recognize all injuries present in the extremities.  

5. The neurovascular condition of the injured extremities is 

analyzed. 

6. Skin and soft tissue lesions are evaluated: wound 

examination is not indicated in the emergency room if a 

surgical intervention is to be performed, due to the 

increased risk of contamination, also because it can lead to 

further bleeding and because of its limited ability to 

provide useful information. Easily accessible foreign 

bodies should be removed under sterile conditions in the 

emergency room. Wounds can be washed with sterile 

physiological saline if it is known to delay pre-intervention 

time. Intra-articular injection of physiological saline 

solution using sterile technique may be considered to 

determine if there is fluid leakage, in addition to assessing 

for continuity of the lesion.  

7. Skeletal lesions are recognized and the necessary 

radiographs are taken(2,4). 

 

Compartment Syndrome 

The presentation of an exposed fracture does not prevent the 

formation of a compartment syndrome, mostly in crush injuries 

and major blunt trauma. The main points to be considered for 

diagnosis are severe pain, reduced sensibility, tension in the limb 

and pain on passive extension of the fingers. When suspicion 
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exists, or in an unconscious individual in appropriate clinical 

condition, compartment pressures should be monitored. 

Compartment pressures greater than 30 mm Hg are highly 

suggestive of compartment syndrome; a difference of less than 30 

mm Hg from diastolic blood pressure also indicates the presence 

of compartment syndrome and urgent fasciotomies should be 

performed. Distal pulses may be appreciated long after ischemia, 

nerve injury and muscle injury are not reversible(2-4). 

 

Vascular Injury 

The ankle-brachial index (ABI) should be obtained when there 

are signs of vascular involvement; this is achieved by measuring 

the diastolic pressure in the ankle and arm; the normal index is 

greater than 0.9. When a vascular lesion is suspected, 

angiography is required. Indications for angiography include:  

● Cold, pale foot with poor distal capillary filling.  

● Knee dislocation with an ITB 0.9. 

● High energy injury in a compromised area.  

● Documented ITB 0.9 related to a lower limb 

injury(2,8,9). 

 

IMAGING ASSESSMENT 

Radiographic projections of the limbs should be requested 

depending on the clinical presentation, the pattern of the lesion 

and the symptoms of the affected individual. At least two 

orthogonal projections of the limb are recommended. The upper 

and lower joints of the apparent lesion should be included. When 

there is intra-articular involvement, it is indicated to complement 

with a CT scan(2,10,11). 

 

Gustilo and Anderson classification of open fractures 

Classically designed to categorize soft tissue injuries related to 

open diaphyseal fractures of the tibia, however it was later used 

for all open fractures. Although the description addresses the size 

of the skin wound, the subcutaneous soft tissue injury is more 

important because it is directly related to the energy applied to the 

extremity, which is why definitive classification of the wound 

should be deferred until after surgical debridement. 

Type I: clean skin wound 1 cm, usually from the inside out; 

minimal muscle contusion; simple transverse or short oblique 

fracture.  

Type II: wound greater than 1 cm in length, with extensive soft 

tissue injury; minimal to moderate crushing component; simple 

transverse or short oblique fracture with minimal comminution.  

Type III: extensive soft tissue injury, involving musculature, skin 

and neurovascular structures; usually from high-energy trauma 

with a significant crushing component.  

A: extensive soft tissue injury with adequate bone coverage; 

segmental fractures, gunshot injuries and minimal periosteal 

denudation.  

B: extensive soft tissue injury with periosteal denudation and 

bony exposure requiring a soft tissue flap for closure; frequently 

related to massive contamination.  

III C: vascular lesion requiring surgical repair(1,2). 

 

Tscherne's Classification of Open Fractures 

It takes into account the size of the wound, as well as the degree 

of contamination and the mechanism of the fracture. It is divided 

into the following grades: 

I: small puncture wound without associated contusion, 

insignificant bacterial contamination, low-energy fracture 

mechanism.  

II: small wound, skin and soft tissue contusion, moderate bacterial 

contamination, variable mechanism of injury.  

III: large wound with notable bacterial contamination, extensive 

soft tissue injury, often related to arterial or nerve injury.  

IV: incomplete or complete amputation with variable prognosis 

depending on the location and nature of the injury. 

 

Tscherne's Classification of Closed Fractures. 

Classifies soft tissue injuries in closed fractures and takes into 

account the type of mechanism, direct versus indirect. It is divided 

into the following grades: 

0: generated by indirect force, with negligible soft tissue injury.  

I: closed fracture generated by a low to moderate energy 

mechanism, with superficial abrasions or soft tissue contusion 

over the fracture.  

II: closed fracture with marked muscle contusion, with deep and 

possibly contaminated skin abrasions, related to a moderate to 

high energy mechanism and skeletal injury; high risk of 

compartment syndrome.  

III: extensive soft tissue crushing, with degloving or 

subcutaneous avulsion and arterial injury or established 

compartment syndrome(2). 

In addition there are other scoring systems created to support the 

surgeon in deciding whether to cut or maintain a heavily injured 

lower limb, an example of this would be the Mangled Extremity 

Severity Score (MESS) described in Table 1(1). 
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Table 1. The MESS system. 

 
Source:Johansen K, Daines M, Howey T, Helfet D, Hansen ST. Objective Criteria Predict Accurately Amputation following Lower 

Extremity Trauma: J Trauma Inj Infect Crit Care (12). 

 

TREATMENT  

Treatment in the emergency department.  

After the general evaluation of the trauma and the creation of 

resuscitation measures in case of life-threatening injuries:  

1. Clinical and radiological evaluation. 

2. Control of hemorrhage by direct compression.  

3. Parenteral antibiotic treatment. Prophylactic intravenous 

antibiotics should be administered within 3 hours of 

injury or as soon as possible.  

4. Assess skin and soft tissue injury. 

5. Provisional fracture reduction.  

6. Surgical treatment: open fractures are an orthopedic 

emergency. Early administration of intravenous 

antibiotics has been shown to reduce the incidence of 

infection. There is evidence in favor of delaying open 

fractures for up to 24 hours in the absence of a 

compromising limb injury. Systematic wound 

exploration, with lavage and debridement, is necessary 

prior to definitive fracture fixation. Only easily 

accessible superficial foreign bodies should be removed. 

It is important not to wash, debride or explore the wound 

in the emergency department if early surgery is to be 

performed, as this may further contaminate the tissues 

and place detritus deep within the wound. If a delay of 

more than 24 hours is predicted, a gentle washing with 

physiological saline is suggested(1,2,4,13-15). 

 

Antibiotic coverage for open fractures 

Type I and II fractures: first generation cephalosporins.  

Type III fractures: anterior plus an aminoglycoside. 

Farm injuries: anterior plus penicillin. 

Anti-tetanus prophylaxis should be administered in the 

emergency area, with a dose of toxoid of 0.5 ml regardless of age; 

for immunoglobulin, the dose is 75 U in patients 5 years of age, 

125 U between 5-10 years of age and 250 U in patients older than 

10 years. Both are administered intramuscularly, with different 

syringes and in different locations(2). 

 

Surgical Treatment 

Washing and Debridement 

Debridement is the removal of contaminants and non-viable 

tissue from a wound, which can later become a source of 

infection. Irrigation and debridement remain the gold standard for 

proper wound management. The most important point in the 

treatment of an open fracture is proper lavage and debridement. It 

is suggested to extend the wound proximally and distally, having 

the axis of the extremity as the base. Intraoperative cultures are 

debated and controversial. Debridement should only be done 

immediately following preoperative treatment if the wound is 

expected to be contaminated with a high bacterial load, such as 

sewage or dirt, if there is compartment syndrome, if the arterial 

supply to the limb is compromised, or if the individual has 

multiple injuries. For isolated high-energy open fractures, 

debridement should be performed within 12 h and for low-energy 

open fractures, within 24 h. Debridement should be performed 

within 24 h. Debridement should preferably be performed 

methodically, layer by layer, from superficial to deep and from 

compartment to compartment(1,2,16). 

 

Large skin flaps should not be implanted because this further 

devitalizes the tissues supplied by the vertical vessels originating 

from the fascia. Tendons should be preserved unless they are 

significantly damaged or contaminated. Bone fragments devoid 
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of soft tissue insertions can be removed. Some authors suggest 

pulsatile lavage, however there is now evidence to support that 

low pressure, high volume lavage achieves less injury to adjacent 

tissues with the same effect. Administering antibiotics to the 

lavage solution has not been shown to be effective. Hemostasis 

should be performed with care because blood loss can be marked, 

and clots can form a dead space. In suspicion of compartment 

syndrome, fasciotomy should be performed(1,2,4,12). 

 

In the past it was recommended that traumatic wounds should not 

be closed, only the enlargement of the surgical wound was closed. 

Nowadays, most centers recommend closing the wound after 

debridement and vacuumassisted closure (VAC), carefully 

watching for signs or symptoms of sepsis. If the wound is left 

open, it should be dressed with sterile saline-soaked gauze, a 

synthetic dressing, a VAC system or an antibiotic dressing. Serial 

debridement(s) may be performed every 24 h to 48 h, depending 

on the case, until there is no necrotic soft tissue or bone, and then 

primary or secondary deferred closure should be 

performed(2,16). 

 

Foreign Bodies  

Possible foreign bodies, both organic and inorganic, must be 

searched for and removed because they can result in significant 

morbidity if they remain in the wound, sometimes not applicable 

to gunshot wounds. Pieces of wood may be within clots and 

complex to differentiate from muscle. Leather and cloth are often 

found between wound planes and sometimes away from the site 

of injury. Emulsifiers such as bisacodyl are sometimes used to 

remove tar and grease. Foreign bodies induce an inflammatory 

response, as well as recesses may have pathogenic organisms or 

spores(2,4). 

 

Fracture Stabilization 

Skeletal fixation is necessary to ensure the fracture ends in close 

apposition and stable to allow osteogenesis. This stability may be 

absolute or relative to result in primary and secondary bone 

healing, respectively(17). 

Another important factor in fracture healing is the blood supply, 

which is given through the surrounding soft tissue to the bone, so 

that soft tissue damage can delay fracture healing. Therefore, 

when restoring the fracture, it is prudent to minimize damage to 

the soft tissue and periosteum. In open fractures with extensive 

soft tissue injury, external fixation is usually preferred over 

internal fixation. The use of external fixation is usually 

temporary, to later perform internal fixation, however sometimes 

it can become definitive treatment(8,18-20).

Figure 2. Fracture Stabilization, with External Fixator 

 
                                                          Source: The Authors. 
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Definitive internal fixation should only be done when it can be 

followed immediately by definitive soft tissue coverage to 

decrease the risk of infection(1). 

In open fractures with extensive soft tissue injury, fracture 

stabilization protects against extra soft tissue injury. 

 

Soft Tissue Coverage and Bone Grafting. 

After seeing that there are no areas of necrosis, wound coverage 

can be performed. The type of coverage depends on the extent and 

location of the soft tissue injuries. Bone grafting should be done 

when the wound is clean, closed and dry, the timing for bone 

grafting after implanting a free flap is controversial. 

 

Figure 3. Subsequent Surgery After Debridement of Open Fracture Using Flap. 

 
                     Source: The Authors. 

 

Limb Salvage Surgery. 

The choice between amputation in Gustilo grade III injuries and 

limb salvage surgery is controversial. Immediate or early 

amputation may be indicated when: 

● Non-viable limb: irreparable vascular injury, warm 

ischemia of more than 8 hours, or major crushing with 

minimal viable tissue.  

● When the affected limb puts the life of the affected 

individual at risk. 

● After revascularization, the limb presents a less 

satisfactory function than that which could be obtained 

with a prosthesis.  

● When the severity of the wound requires multiple 

surgical interventions and a prolonged reconstruction 

time incompatible with the personal, sociological and 

economic consequences bearable for the patient.  

● When the affected individual shows an Injury Severity 

Score (ISS) greater than 20 and saving the limb 

generates a high metabolic cost or a high 

necrotic/inflammatory burden that could trigger 

pulmonary or multi-organ failure(2,4). 

 

COMPLICATIONS  
Infection: open fractures can cause cellulitis or osteomyelitis even 

after several debridements, abundant lavage, adequate antibiotic 

treatment and conscientious wound care. Some anatomical areas 

are more prone to infection. Some of the risk factors for infection 

include extensive contamination at the time of injury, the amount 

of soft tissue involved, nutritional status, foreign body retention 

and multisystem injuries. 

Undiagnosed compartment syndrome: generates severe 

functional loss, being more noticeable in the forearm, foot and 

leg. It can be avoided with good control, performing repeated 

neurovascular explorations, with the measurement of 

intracompartmental pressure and through the opening of the 

fascia(1,2,4,9). 
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CONCLUSIONS 
Knowledge of the management of open fractures is of vital 

importance, since this type of fracture presents a high risk of 

infection, as well as other types of complications. The initial 

approach to the injured individual with an open fracture should 

be based on the principles of Advanced Trauma Life Support 

(ATLS). Clinical and imaging evaluation is important in this type 

of fracture, as well as recognizing the value of the classification 

systems that play a critical role when treating surgically. 

Irrigation and debridement remain the gold standards for proper 

wound management. The most important point in the treatment of 

an open fracture is proper lavage and debridement. 
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