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Abstract: Treatment guidelines for open tibial fractures are well established in high-income countries, but their implementation in
low-resource settings remains challenging. To date, only one African country has attempted to formulate national, consensus-based
guidelines that cover key aspects such as antibiotic administration, initial stabilization, surgical debridement, wound management, and
definitive fixation. This narrative review summarizes current principles for the initial management of open tibial shaft fractures and
evaluates their relevance in the Southern African context, particularly in rural and resource-constrained environments. Given the
limited availability of advanced imaging, specialized implants, and soft-tissue coverage expertise, clinicians must adapt existing
protocols to local capacities. This review highlights areas where treatment recommendations from high-income settings may not be
feasible and identifies practical considerations for applying initial management principles in Southern Africa. The need for context-
specific, resource-appropriate guidelines is emphasized.
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Introduction

The treatment of open tibial shaft fractures presents a significant challenge due to limited soft tissue coverage and
compromised blood supply." Due to its close proximity to the skin, the tibia is particularly vulnerable to becoming an
open fracture with significant soft tissue damage, often resulting in complications such as infection and non-union.” The
primary goals of treatment are to promote an optimal environment for fracture healing, minimize complications, and
restore limb function as effectively as possible.> Achieving these goals can pose significant challenges for both patients
and healthcare systems.’

The healthcare system in Southern Africa consists of both public and private sectors, with marked inequalities in
access and quality of care.*> Public healthcare, largely financed by government funding, serves the majority (particularly
those in rural and economically disadvantaged areas) but often suffers from resource limitations, including staff
shortages, inadequate infrastructure, and irregular medication supply.4’5 In contrast, private healthcare is supported by
insurance or out-of-pocket payments and delivers superior services, though it is primarily accessible to wealthier, urban
populations.*> In South Africa, for example, a dual healthcare model exists where approximately 80% of the population
depends on the public sector, while the majority of resources are concentrated in the private sector, which caters to just
20% of citizens.*”> Therefore, the management of open fractures in low to middle-income countries of Africa presents
unique challenges, including limited early access to specialist care, delays in the administration of intravenous anti-
biotics, difficulties with choosing appropriate methods of fixation and wound closure, as well as patients’ health-seeking
behaviours prior to accessing formal orthopaedic care.® In addition, access to healthcare remains a significant issue,
particularly in rural areas outside urban centres.’
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Open fractures should be managed using a standardized care pathway that includes the prompt administration of
antibiotics, surgical debridement to remove all contaminated and devitalized tissue, thorough irrigation of the wound in
the operating theatre, and fracture stabilization using either internal fixation, such as intramedullary nailing, or external
fixation.*”'" While these guidelines are universally applicable, their implementation may not be practical or feasible in
low-income countries. The Malawi Orthopaedic Association/AO Alliance has published a national consensus statement,
outlining revised standard principles that consider the country’s unique circumstances.'> The authors recommended the
following procedures: adherence to ATLS principles, administration of antibiotics, assessment for neurological and
vascular injuries, immediate transfer of a threatened limb to a referral hospital, preliminary realignment and splinting,
formal debridement only for gross contamination, no irrigation outside the operating theatre, debridement under
anaesthesia, lavage with at least 5 litres of water before draping, photographic documentation, primary closure for
clean wounds, fracture stabilization using external fixation or definitive fixation if appropriate soft tissue coverage is
achieved, and amputation should only be performed for life-threatening injuries.'>

The purpose of this study was to conduct a narrative review of contemporary treatments for open tibial shaft fractures
and assess their applicability to the South African context.

Methods
This study followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines'

and the updated recommendations provided in the Cochrane Handbook.'*

Eligibility Criteria

This project incorporated all Level I-IV evidence-based clinical studies addressing open tibial shaft fractures. Reviews,
systematic reviews, and meta-analyses were excluded from the analysis; however, their references were screened to identify
relevant studies meeting inclusion criteria. Abstracts and conference proceedings were also excluded from the study.

Literature Search

A systematic review of the literature was performed to identify all publications in English and German, screening the
databases Medline, Embase, Scopus, and Google Scholar. These databases were screened using the following terms and
Boolean operators: “tibial fractures” AND/OR “open” AND/OR “compound” AND/OR “tibial shaft”; AND/OR “com-
plications” AND/OR “treatment” AND/OR “management”. For the Medline search the MeSH term “tibia” was used with
the following qualifiers: “fractures, bone” and “compound fractures” One reviewer conducted independent title and
abstract screening. Disagreements between reviewers were resolved by consensus, and if no consensus was reached, they
were carried forward to the full-text review. All eligible articles were manually cross-referenced to ensure that other
potential studies were identified. The search period was restricted to studies published between 2000 and 2025 to ensure
a contemporary review of current treatment approaches for open tibial shaft fractures.

Data Extraction and Quality Assessment

An electronic data extraction form was employed to systematically collect information from each article, including the
level of evidence, study location, patient age, and sex. The key areas documented include incidence and epidemiology,
fracture classification, treatment principles, antibiotic use, debridement, surgical timing, primary skin closure, temporary
wound dressings, soft tissue management, large fragment management, and the applicability of these guidelines in
resource-limited settings such as Southern Africa.

Results

Incidence — Epidemiology

In the United Kingdom, open fractures of the lower extremity constitute approximately 12% of all open fractures, with an
estimated incidence of 3.4 cases per 100,000 individuals annually.'> These injuries demonstrate a bimodal distribution, with
high-energy trauma being the predominant cause in younger populations, while low-energy trauma is more common in
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older individuals, often attributable to decreased bone density.'> In the Netherlands, the estimated incidence of open
fractures is approximately 1.1 per 100,000 person-years, with a notable increase observed in individuals over the age of
70."® The German Trauma Registry reported nearly 3,000 open tibial fractures within a patient cohort of 148,000 over a ten-
year period.!” Weiss et al reported an annual incidence of 2.3 per 100,000 person-years for open tibial fractures in Sweden
and observed a decline in the overall incidence between 1998 and 2004.'® In a 15-year study analyzing 2,386 open
fractures, the authors reported that 70% occurred in males, with only 22% resulting from road traffic accidents or falls from
a height.'> However, when stratified, road traffic accidents accounted for 34% of lower extremity open fractures.'

Unfortunately, there is a lack of comprehensive data published from the African continent. Existing studies only
report the total number of treated cases, without providing information on the overall trauma burden or the proportion of
open fractures among admitted trauma cases. For instance, Mwafulirwa et al reported that 72 open tibial fractures were
managed at a tertiary hospital in Malawi during 2019."” Almost all of these were caused by road traffic accidents (63%),
assaults (18%), and falls (17%), with males accounting for the majority of cases (82%)."” Adesina et al reported similar
findings, with motorcycle riders, artisans, and farmers accounting for 63% of open fractures, of which 75% occurred in
male patients.® While Clelland et al reviewed 1016 orthopaedic inpatients admitted in Northern Tanzania, their results
demonstrated 143 had open tibia fractures.”’

Classification Systems
The two most commonly utilized classification systems for open fractures are the Gustilo-Anderson scheme®'*? and that
of the Orthopaedic Trauma Association (OTA). The Gustilo-Anderson system categorizes open fractures into three
grades based on wound size, extent of skin loss, and muscle damage.*'** Generally, Type I fractures involve a clean
wound less than 1 cm in length, Type II fractures feature a laceration greater than 1 cm without significant soft tissue
damage, flaps, or avulsions, and Type III fractures are characterized by open segmental fractures, extensive soft tissue
damage, or associated vascular injury. This classification is widely accepted due to its ability to correlate severity grades
with complication rates.”® However, it has been criticized for demonstrating poor to moderate inter-observer reliability.**
The Orthopaedic Trauma Association (OTA) classification system evaluates open fractures based on five components:
skin injury, muscle injury, arterial injury, contamination, and bone loss. Each component is assessed using predefined
criteria and rated on a scale from 1 (mild) to 3 (severe).>>%¢ Compared to the Gustilo-Anderson classification, the
Orthopaedic Trauma Association system demonstrated moderate to excellent inter-observer reliability. Additionally, it has
been shown to outperform the Gustilo-Anderson system in predicting post-operative complications and clinical outcomes.*’
The OTA classification system was recently updated to include a category for classifying post-traumatic bone defects.”®
Although the OTA open fracture classification is more complex, it is not necessarily superior to the Gustilo-Anderson
system in predicting fracture-related infections.?’ Given that the Gustilo-Anderson classification is easier to remember
and more widely recognized, it may be the preferred choice for assessing fracture severity in resource-limited settings
such as Southern Africa.

Principles of Treatment

Antibiotics

Antibiotic prophylaxis is widely recognized for reducing infection rates and particularly in preventing early infections.
Mundy et al provided comprehensive recommendations for antibiotic prophylaxis in open fractures.*® For Gustilo-
Anderson Type I and Type II injuries, primary coverage against gram-positive organisms is advised, typically using
a first-generation cephalosporin. Prophylaxis should not extend beyond 24 hours following wound closure.*® For Type III
injuries, both gram-positive and gram-negative coverage is recommended. This is achieved with a combination of a first-
generation cephalosporin and an aminoglycoside. Antibiotic administration should continue for 72 hours but should not
exceed 24 hours after wound closure.*® In cases of farm injuries, additional anaerobic coverage is necessary, typically
using penicillin. The same timelines for antibiotic administration as those outlined for Type I-III open fractures are
applicable in these cases.”® The German guidelines recommend first- or second-generation cephalosporins for Type I-III
fractures, with gram-negative coverage using ampicillin/sulbactam, piperacillin, or tazobactam.'® If Clostridia is sus-
pected, penicillin or clindamycin should be added. Antibiotic administration should begin promptly, with a duration of no
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more than 24 hours for Type I and II fractures, and 72 hours for Type III fractures, but no longer than 24 hours post-
wound closure.'® The Orthopaedic Trauma Association (OTA) recommends using cefazolin, clindamycin, or vancomycin
for Type I and II fractures, with the addition of an aminoglycoside for Type III fractures. Alternatively, a combination of
piperacillin and tazobactam is suggested for Type III fractures. Importantly, antibiotics should be administered within
one hour of injury, and continued for no more than 24 hours for Type I and II injuries, and 72 hours for Type III
injuries.’' The current AAOS guidelines on the prevention of surgical site infection after major extremity trauma give
a moderate strength of recommendation for the administration of initial and preoperative antibiotics.*?

The only guidelines established through a consensus project have been published for Malawi.'? They recommend
administering intravenous antibiotics as soon as possible, ideally within one hour of presentation.'> The guidelines
suggest using ceftriaxone or a combination of doxycycline and gentamicin, with the addition of metronidazole for grossly
contaminated wounds.'?

The use of local antibiotics remains unclear, though it offers the potential advantage of higher antibiotic concentra-
tions compared to intravenous delivery.>® A meta-analysis has demonstrated a 12% reduction in risk with the use of local
antibiotics.>* In a systematic review and meta-analysis, Craig et al demonstrated that the local administration of
antibiotics significantly reduced the incidence of infection in Grade III fractures, from 31% to 9%.>> The VANCO
trial, which administered vancomycin powder directly to the fracture site, reported a 6.4% probability of deep infection
by 182 days in the treatment group, compared to 9.8% in the control group, suggesting promising results.>® Pesante and
Parry demonstrated that the use of vancomycin and tobramycin powder reduced the rate of deep infections following
open fracture treatment, thereby confirming the findings of the VANCO trial.*” The current AAOS guidelines strongly
recommend the administration of local vancomycin powder or tobramycin-impregnated beads for the prevention of
surgical site infection after major extremity trauma.*?

The timing of antibiotic administration appears to be a critical factor in preventing infection. Zuelzer et al demon-
strated that administering antibiotics within 150 minutes of injury significantly reduces infection risk, even after adjusting
for potential confounding factors such as age, diabetes, and smoking status.’® Earlier, Patzakis and Wilkins identified
timely antibiotic administration as crucial in reducing infection risk.>* In their case-control study of over 1,100 open
fractures, administering antibiotics more than three hours post-injury increased the odds of infection by 1.63 times
compared to treatment within the first three hours.>® Extending the duration of antibiotic prophylaxis beyond 24 hours
has not demonstrated a significant benefit in reducing the risk of fracture site infections.*® In contrast, the 2017 British
Orthopaedic Association recommend administering antibiotics within one hour of injury, citing a 17% reduction in
infection risk compared to those receiving antibiotics after 60 minutes.*'

Antibiotic-coated nails were first described by Paley and Herzenberg for the treatment of intramedullary infections.*?
However, recent studies have highlighted their potential role in the primary treatment of open tibial fractures. A recent
meta-analysis, which included only two studies, indicated a trend but no statistically significant differences toward
reduced infection rates with the use of antibiotic-coated nails, identifying a 17% relative risk reduction in infection.*’
Similarly, De Meo et al, in a systematic review of eight studies, found no evidence of advantages associated with
antibiotic-coated nails in terms of fracture-related infection, non-union, or healing in both primary and revision
surgeries.** Given the current evidence, the use of an antibiotic-coated nail for primary fracture fixation in open tibial
fractures cannot be recommended. Further high-quality randomized controlled trials are needed to clarify the potential
benefits of this treatment option.

Debridement

Debridement involves thoroughly cleaning the wound by excising necrotic and devitalized tissue and removing foreign
materials. It is a critical factor in achieving optimal outcomes in the management of open tibial fractures.”> Before
surgical debridement, careful wound cleansing using a soft brush and a soap solution should be considered to reduce
contamination.*? Careful excision of wound margins to healthy tissue is essential; however, undermining soft tissues and
preserving tenuous skin bridges should be avoided to minimize the risk of compromised healing.'” Nonviable bone
fragments should be removed, and any fragments that can be easily detached without resistance (using the “tug test”)
should also be excised.'” Fragments that remain attached to the periosteum, however, should be preserved.'’
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Contaminated bone fragments should be thoroughly cleaned, debrided, and decorticated if necessary. The routine use of
a tourniquet during these procedures is generally discouraged.'® If there is uncertainty about tissue viability, a second-
look debridement should be considered, particularly in cases of small wounds with significant comminution, as the initial
appearance may be misleading.’

The traditional approach of routinely debriding all open tibial fractures within 6 hours no longer appears universally
applicable. The current NICE guidelines recommend immediate debridement for wounds with vascular compromise,
debridement of high-energy or contaminated wounds within 12 hours, and debridement of low-energy open fractures
within 48 hours.*® These recommendations align with those of other established guidelines.'®*' Interestingly, studies
suggest that factors other than time to debridement play a more significant role in perioperative infection risk.
Independent risk factors include smoking, diabetes, prolonged surgical time, and fracture severity. Type III injuries, in
particular, are associated with higher rates of reoperation and infection.**”

The Malawi guidelines recommend performing debridement in the operating room under general or spinal
anaesthesia.'? They advise immediate debridement for highly contaminated wounds or cases wit vascular compromise,
within 12 hours for Grade II and III fractures, and within 24 hours for Grade I fractures. '

Irrigation

Wound irrigation is a crucial component of open tibial fracture management, effectively removing contaminants and
reducing the risk of infection. Current controversies focus on the debate between high-pressure versus low-pressure
lavage and the selection of the optimal irrigation fluid.

Studies suggest that high-pressure pulsatile lavage is more effective at removing bacteria and debris compared to low-
pressure lavage.*® The main concern with high-pressure lavage is the potential to push contaminants deeper into tissues,
which may increase infection rates and cause further damage to soft tissues and bone.*” The FLOW trial has provided
clarity, demonstrating that warm normal saline with low-pressure irrigation should be the primary and safest choice for
wound lavage.’® Conversely, Omar et al concluded that there is a lack of evidence to warrant discontinuing the use of
pulsatile high-pressure lavage and recommended its continued implementation.'® Regarding irrigation volume, there is
general agreement that 3 litres are sufficient for Type I injuries, 6 litres for Type II, and 9 litres for Type III injuries.
However, it is generally accepted that highly contaminated wounds may require larger volumes until they are adequately
cleansed of contamination.'®"**'*> Irrigation fluids containing surfactants and antiseptics are no longer recommended,
as they can cause secondary injury to the wound, increasing the risk of soft tissue necrosis.'®*® Furthermore, anti-
microbial agents such as bacitracin have been shown to be associated with higher rates of wound healing
complications.* The AAOS guidelines strongly recommend irrigating wounds with saline without additives for initial
wound management.*?

The Malawi guidelines advise against performing washouts outside the operating room and recommend that lavage be
done in conjunction with debridement.'> They suggest using at least 5 litres of tap water followed by a minimum of 2
litres of sterile fluid.'?

Timing of Surgery and Surgical Implant Options

The treatment of open tibial fractures should adhere to the general principles of orthopaedic trauma management, and the
presence of an open fracture should not justify the departure from established osteosynthesis guidelines.'” Primary
treatment is largely determined by the fracture characteristics, with both internal and external fixation techniques being
viable options.'®! An exception occurs when bone defects are present, which necessitate the use of appropriate
reconstruction techniques.'” In general, Type I and II open fractures can be treated primarily with definitive
osteosynthesis.'*>* Most Type III injuries can also follow this approach, except in cases with large or segmental bone
defects, significant soft tissue damage requiring flap coverage, severely contaminated farm injuries, or cases involving
vascular injuries that necessitate urgent vascular reperfusion surgery.'®>* For primary fixation, options include intrame-
dullary fixation, plating, and external fixation methods such as ring fixators, hexapods, and static frames.'®>
Intramedullary nailing is generally considered the primary treatment option for most open diaphyseal and extra-
articular metaphyseal fractures, although alternative fixation methods may be necessary in certain cases.>’ Yokohama
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et al demonstrated that immediate reamed or unreamed nailing for Grade 3B and 3C fractures results in higher infection
rates and should be avoided.” However, the authors also concluded that other factors, such as early debridement, timely
conversion of external fixation to nailing, and prompt skin closure, are critical in reducing the risk of deep infection.>
Intramedullary nailing can also be considered to be an effective bridging device for open fractures with bone loss.>' If
definitive skeletal stabilization is not feasible for any reason, temporary spanning external fixation is an effective
alternative.>'%*' Temporary external fixation should be particularly considered in cases of severe contamination,
extensive soft tissue involvement, or in unstable patients.’> Furthermore, the Ganga Hospital Open Injury Score
(GHOIS) can aid in decision-making, with definitive fixation typically being appropriate when the score is below 9.%*
The current AAOS guidelines on preventing surgical site infections after major extremity trauma provide a moderate-
strength recommendation for definitive fracture fixation at the initial debridement, along with primary wound closure
when appropriate. They also suggest that temporary external fixation remains a viable option.*>

The Malawi guidelines recommend that definitive internal stabilization should only be performed when it can be
immediately followed by definitive soft tissue coverage.'? They also suggest that Grade IIIA and IIIB fractures be
stabilized with an external fixator at the time of debridement.'> However, no specific recommendations were made

regarding other surgical fixation methods."?

Primary Skin Closure — Temporary Wound Dressings
Historically, immediate primary closure of open fractures was thought to increase the risk of wound infection and fracture
non-union.”> However, recent published literature has challenged this long-standing assumption. Hohmann et al reported
no significant difference in infection rates between patients who underwent primary closure, with an average infection
rate of 4%, and those who underwent delayed closure, which had an average infection rate of 2% when primary closure
was performed.”® Moola et al demonstrated that primary closure for all open fractures is safe and does not increase the
risk of postoperative infection.”® Their study identified no significant correlation between fracture classification, trauma
velocity, or time to wound closure and the occurrence of infection, delayed union, or non-union.>® Scharfenberger et al
demonstrated that primary wound closure in Grade I-1IIA open fractures resulted in lower rates of infection (4% vs 9%)
and nonunion (13% vs 29%) compared to delayed closure.”’ Rajasekaran reported that primary wound closure is safe
when performed under specific conditions: debridement is completed within 12 hours, there is no significant skin loss,
skin approximation is achievable without tension, and there is no evidence of vascular insufficiency.”® Riechelmann et al
confirmed that primary soft tissue closure is safe for Grade I-1IIA open fractures, provided that debridement is thorough,
the skin margins are bleeding and viable, and appropriate antibiotics are administered.”® It is noteworthy, and perhaps
counterintuitive, that re-exploration of the wound during definitive fracture fixation does not appear to be associated with
an increased risk of complications.”® Reynolds et al reported no significant difference in complication rates between
patients with open tibia fractures who underwent staged fixation.>

Primary closure is generally recommended for Type I to Type IIIA tibial fractures when sufficient viable soft tissue is
available to achieve tension-free closure. This approach is contingent on meticulous debridement of the injury and the
timely administration of prophylactic antibiotics.®® The current AAOS guidelines on preventing surgical site infections
after major extremity trauma strongly recommend the use of negative pressure therapy, as it may reduce the risk of
revision surgery and superficial site infections.>* However, silver-coated dressings are generally not recommended, with
only a moderate-strength recommendation.>? Regarding primary wound closure, the guidelines strongly recommend
closure when feasible and when there is no significant gross contamination.*?

The Malawi guidelines recommend primary closure for clean Grade I fractures, leaving Grade II fractures open with
closure within 72 hours, and keeping Grade III fractures open.'? For Grade III fractures, patients should be referred to the
nearest specialized hospital for further management.'?

Soft Tissue Management

For fracture wounds that cannot be closed primarily and may require flap coverage, the injury location, defect size, and
zone of damage must be carefully assessed to determine whether rotational or free flap coverage is the most suitable
option.*° Fractures in the proximal two-thirds of the tibia are typically treated with rotational muscle flaps, while those in
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the distal third generally require free flaps.?® Soft tissue management should aim to achieve flap coverage within 72 hours
to minimize the risk of deep infection.'® Lack et al reported that delaying soft tissue closure beyond 5 days doubles the
infection rate.®'

In cases where primary wound closure is not possible and temporary wound management is needed, negative pressure
wound therapy is an effective option.'” Kim and Lee demonstrated in a meta-analysis that negative pressure wound
therapy, compared to conventional management, resulted in lower rates of soft tissue infections, non-union, flap necrosis,
and the need for revisions.®® Stannard et al reported in a randomized controlled trial that negative pressure wound therapy
significantly reduced the total infection rate (acute and late combined) compared to saline-soaked dressings, although the
estimate lacked precision.®® In a similar study, Kumaar et al demonstrated that negative pressure wound therapy
significantly reduced infections and enhanced the healing of open fracture wounds.®* However, both the WHIST and
WOLLF trials found no evidence that negative pressure wound therapy (NPWT) reduced infection rates compared to
open solid foam or gauze dressings.®>°® However, the WOLLF trial was conducted in the UK, and all open fractures in
their cohort underwent definitive soft tissue management within 72 hrs from injury, perhaps negating any benefit NPWT
may have provided. Regardless of the wound management method, five-year results from the WHIST trial still reported
high levels of persistent disability and reduced quality of life, with minimal evidence of improvement over this period.®”
The current AAOS guidelines on preventing surgical site infections after major extremity trauma provide a moderate-
strength recommendation for wound closure within seven days.*® However, they note that the current evidence support-
ing the use of an orthoplastic team or hyperbaric oxygen therapy is limited.*?

Large Bone Fragments

The presence of large bone fragments, whether devitalized, extruded, or attached to viable soft tissue, remains
a significant challenge and a subject of ongoing debate.°® Traditionally, the standard approach has been to discard
devitalized or extruded cortical fragments; however, this practice has recently been questioned. In cases of severe
contamination or comminution, such as ballistic injuries, retaining bone fragments is not feasible, and discarding them
may be the most logical and often only option for the surgeon.®® If large bone fragments remain attached to the
periosteum or pass the tug test (showing substantial resistance when attempting to remove them), they may be preserved
and reduced if possible.'® Devitalized and extruded fragments can be retained if thoroughly debrided and disinfected to
reduce bacterial load before being incorporated into the fracture site.” Mechanical scrubbing followed by a five-minute
immersion in povidone-iodine or chlorhexidine appears to be a safe and effective time interval.”® Another author has
suggested soaking the fragment in a vancomycin solution for an additional thirty minutes to further reduce the risk of
infection.”' The Bristol experience demonstrated that incorporating mechanically relevant, debrided devitalized bone
fragments into the definitive reconstruction of Type IIIB open diaphyseal tibial fractures is a safe approach.® In addition,

two case reports demonstrated the successful reimplantation of extruded bone fragments.”!*”?

Conclusions

The initial treatment of open tibial fractures remains controversial and lacks robust recommendations. Key steps include
early administration of intravenous antibiotics, timely debridement and lavage of open wounds, primary wound closure
when tissue is viable and closure can be achieved without tension, and early flap coverage within 72 hours if needed.
Preferred definitive stabilization for Grade I-Illa fractures is intra-medullary nailing, with temporary external fixation
used when necessary. Early conversion to definitive treatment is also essential.

In low-resource countries in Southern Africa, only one guideline has been developed, which recommends the adminis-
tration of early intravenous antibiotics, timely debridement and irrigation in the operating room, and management based on
fracture severity. The guideline advises primary closure for Grade 1 fractures, delayed closure for Grade 2 fractures, and no
closure for Grade 3 fractures, with referral to a specialist hospital for further management of Grade 3 injuries. In this context,
further exploration is needed regarding the applicability of early simple oral antibiotics as an alternative to intravenous
administration, the use of locally administered antibiotics, and temporary fixation with homemade antibiotic nails.
Furthermore, optimal timing for both initial and definitive surgery, the use of temporary or permanent wound dressings,

Orthopedic Research and Reviews 2025:17 https: 433



Hohmann et al

and soft tissue management when referral is not possible or significantly delayed require further investigation. The manage-
ment of large bone fragments at the time of debridement also warrants further investigation.

Ultimately, the absence of general recommendations and context-specific guidelines for the initial management of
open tibial fractures in Southern Africa highlights the need for further work. Specific issues to address include how to
evaluate and treat these injuries in low-resource settings that are by staff shortages, inadequate infrastructure, and
inconsistent medication supply.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis, and interpretation, or in all these areas; took part in drafting, revising, or
critically reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the
article has been submitted; and agree to be accountable for all aspects of the work.

Funding

This research did not receive any funding.

Disclosure

Professor Kevin Tetsworth is an unpaid consultant for AO Foundation, personal fees for speakers bureau and design
consultant from Smith and Nephew, personal fees for speakers bureau from Johnson and Johnson MedTech, scientific
advisory board for and shares and stock options from OrthoDx and VitaClot Medical, outside the submitted work. The
authors report no other conflicts of interest in this work.

References

1.Qian S, Shen Y, Sun L, Wang Z. Treatment preferences and current practices regarding open tibial fractures. Front Public Health.
2024;12:1331654. doi:10.3389/fpubh.2024.1331654

2. Nicolaides M, Pafitanis G, Vris A. Open tibial fractures: an overview. J Clin Orthop Trauma. 2021;20:101483. doi:10.3389/fpubh.2024.1331654

3. Dheenadhaylan J, Nagashree V, Devendra A, Velmurugesan PS, Rajasekaran S. Management of open fractures: a narrative review. J Clin Orthop
Trauma. 2023;44:102246. doi:10.1016/j.jcot.2023.102246

4. Ataguba JE, McIntyre D. Paying for and receiving benefits from health services in South Africa: is the health system equitable? Health Policy Plan.
2012;27(1):135-45. doi:10.1093/heapol/czs005

5. Coovadia H, Jewkes R, Barron P, Sanders D, MclIntyre D. The health and health system of South Africa: historical roots of current public health
challenges. Lancet. 2009;374(9692):817-834. doi:10.1016/S0140-6736(09)60951-X

6. Zubair AA, Abdullateef R, Davis S, et al. A scoping review on the management of open fractures in African trauma and orthopaedics centres.
Cureus. 2024;16(9):368925. doi:10.7759/cureus.68925

7. Schade AT, Sabawo M, Nyamulani N, et al. Functional outcomes and quality of life at 1-year follow-up after an open tibia fracture in Malawi:

a multicentre, prospective cohort study. Lancet Global Health. 2023;11(10):e1609—e1618. doi:10.1016/S2214-109X(23)00346-7

. Shafiq B, Hacquebord J, Wright DJ, Gupta R. Modern principles of acute surgical management of open tibial distal fractures. J Am Acad Orthop

Surg. 2021;29(11):e536-e547. doi:10.5435/JAAOS-D-20-00502

9. Hohmann E, Birkholtz F, Glatt V, Tetsworth K. The “road to union” protocol for the reconstruction of isolated complex high-energy tibial trauma.
Injury. 2017;48(6):1211-1216. doi:10.1016/j.injury.2017.03.018

10. Omar M, Zeckey C, Krettek C, Graulich T. Open fractures. Unfallchirurg. 2021;124(8):651-665. doi:10.1007/s00113-021-01042-2

11. Castillo 1A, Heiner JA, Meremikwu RI, Kellam J, Warner SJ. Where are we in 2022? A summary of 11,000 open tibia fractures over 4 decades.
J Orthop Trauma. 2023;37(8):¢326—e334. doi:10.1097/BOT.0000000000002602

12. Schade AT, Yesaya M, Bates J, Martin Jr C, Harrison WJ. The Malawi Orthopaedic Association/AO alliance guidelines and standards for open
fracture management in Malawi: a national consensus statement. Malawi Med J. 2020;32(3):112-118. doi:10.4314/mmj.v32i3.2

13. Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for systematic reviews and meta-analysis protocols (PRISMA-P) 2015 statement.
Syst Rev. 2015;4(1):1. doi:10.1186/2046-4053-4-1

14. Cumpston M, Li T, Page MJ, et al. Updated guidance for trusted symptomatic reviews of the Cochrane handbook for systematic reviews of
interventions. Cochrane Database Syst Rev. 2019;10:ED000142. doi:10.1002/14651858.ED000142

15. Court-Brown CM, Burgler KE, Clement ND, Duckworth AD, McQueen MM. The epidemiology of open fractures in adults. A 15-year review.
Injury. 2012;43(6):891-897. doi:10.1016/j.injury.2011.12.007

16. Noorlander-Borgdorff MP, Sekercan A, Young-Afat DA, Bouman M, Botman M, Giannakopoulos GF. Nationwide study on open tibial fractures in
the Netherlands: incidence, demographics and level of hospital care. Injury. 2024;55(6):111487. doi:10.1016/j.injury.2024.111487

17. Weber CD, Hildebrand F, Kobbe P, et al. Epidemiology of open tibia fractures in a population-based database: update on current risk factors and
clinical implications. Eur J Trauma Emerg Surg. 2019;45(3):445-453. doi:10.1007/s00068-018-0916-9

18. Weiss RJ, Montgomery SM, Ehlin A, Al Dabbagh Z, Stark A, Jansson K-A. Decreasing incidence of tibial shaft fractures between 1998 and 2004:
information based on 10,627 Swedish inpatients. Acta Orthop. 2008;79(4):526-533. doi:10.1080/17453670710015535

o0

434 https: Orthopedic Research and Reviews 2025:17


https://doi.org/10.3389/fpubh.2024.1331654
https://doi.org/10.3389/fpubh.2024.1331654
https://doi.org/10.1016/j.jcot.2023.102246
https://doi.org/10.1093/heapol/czs005
https://doi.org/10.1016/S0140-6736(09)60951-X
https://doi.org/10.7759/cureus.68925
https://doi.org/10.1016/S2214-109X(23)00346-7
https://doi.org/10.5435/JAAOS-D-20-00502
https://doi.org/10.1016/j.injury.2017.03.018
https://doi.org/10.1007/s00113-021-01042-2
https://doi.org/10.1097/BOT.0000000000002602
https://doi.org/10.4314/mmj.v32i3.2
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.1016/j.injury.2011.12.007
https://doi.org/10.1016/j.injury.2024.111487
https://doi.org/10.1007/s00068-018-0916-9
https://doi.org/10.1080/17453670710015535

Hohmann et al

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

50.

51.

Mwafulirwa K, Munthali R, Ghosten I, Schade A. Epidemiology of open tibia fractures presenting to a tertiary hospital in Southern Malawi:
a retrospective study. Malawi Med J. 2022;34(2):118-122. doi:10.4314/mmj.v34i2.7

Adesina SA, Amole 10, Owolabi JI, Oyewusi OO, Adefokun IG, Eyesan SU. Locked intramedullary nailing of open fractures in resource-poor
settings: a prospective observational study of challenges and functional outcomes in 101 fractures at Ogbomoso, Nigeria. BMC Musculoskelet
Disord. 2023;24(1):170. doi:10.1186/s12891-023-06271-7

Clelland SJ, Chauhan P, Mandari FN. The epidemiology and management of tibia and fibula fractures at Kilimanjaro Christian Medical Centre
(KCMC) in Northern Tanzania. Pan Afrr Med J. 2016;25:51. doi:10.11604/pam;j.2016.25.51.10612

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. J Bone Joint Surg Am. 1976;58(4):453-458.

Gustilo RB, Mendoza RM, Williams DN. Problems in the management of type III (severe) open fractures: a new classification of type III open
fractures. J Trauma. 1984;24(8):742—746. doi:10.1097/00005373-198408000-00009

Thakore RV, Francois EL, Nwosu SK, et al. The Gustilo-Anderson classification system as predictor of nonunion and infection in open tibia
fractures. Eur J Trauma Emerg Surg. 2017;43(5):651-656. doi:10.1007/s00068-016-0725-y

Brumback RJ, Jones AL. Interobserver agreement the classification of open fractures of the tibia. The results of a survey of two hundred and
forty-five orthopaedic surgeons. J Bone Joint Am. 1994;76(8):1162-1166. doi:10.2106/00004623-199408000-00006

Orthopaedic Trauma Association: Open Fracture Study Group. A new classification system scheme for open fractures. J Orthop Trauma. https:/ota.
org/sites/files/2021-06/General%20B2%200pen%20Fractures.pdf. 2010;24(8):457-464. doi:10.1097/BOT.0b013e3181c7cb6b

Hao J, Cuellar DO, Herbert B, et al. oes the OTA Open Fracture Classification Predict the Need for Limb Amputation? A Retrospective
Observational Cohort Study on 512 Patients. J Orthop Trauma. 2016;30(4):194-198. doi:10.1097/BOT.0000000000000479

Tetsworth KD, Burnand HG, Hohmann E, Glatt V. Classification of Bone Defects: An Extension of the Orthopaedic Trauma Association Open
Fracture Classification. J Orthop Trauma. 2021;35(2):71-76. doi:10.1097/BOT.0000000000001896

Khoury P, Hazra N, DeMartino A, et al. Is the Orthopaedic Trauma Association-Open Fracture Classification Better Than the Gustilo-Anderson
Classification at Predicting Fracture-Related Infections in the Tibia? J Orthop Trauma. 2024;38(1):655-660. doi:10.1097/BOT.0000000000002907
Mundy R, Chaudry H, Niroopan G, Petrisor B, Bhandari M. Open tibial fractures: updated guidelines for management. JBJS Rev. 2015;3(2):el.
doi:10.2106/JBJS.RVW.N.00051

. Orthopaedic Trauma Association. Open Fractures. https://ota.org/sites/files/2021-06/General%20B2%200pen%20Fractures.pdf. Accessed 7, Jan 2025.
32.

Goldman AH, Tetsworth K. AAOS Clinical Practice Guideline Summary: prevention of Surgical Site Infection After Major Extremity Trauma.
J Am Acad Orthop Surg. 2023;31(1):el-e8. doi:10.5435/JAAOS-D-22-00792

Flores MJ, Brown KE, Morshed S, Shearer DW. Evidence for Local Antibiotics in the Prevention of Infection in Orthopaedic Trauma. J Clin Med.
2022;11(24):7461. doi:10.3390/jcm11247461

Morgenstern M, Vallejo A, McNally MA, et al. The effect of local antibiotic prophylaxis when treating open limb fractures: a systematic review and
meta-analysis. Bone Joint Res. 2018;7(7):447-456. doi:10.1302/2046-3758.77.BJR-2018-0043.R 1

Craig J, Fuchs T, Jenks M, et al. Systematic review and meta-analysis of the additional benefit of local prophylactic antibiotic therapy for infection
rates in open tibia fractures treated with intramedullary nailing. /nt Orth. 2014;38(5):1025-1030. doi:10.1007/s00264-014-2293-2

Major Extremity Trauma Research Consortium (METRC), et al. Effect of Intrawound Vancomycin Powder in Operatively Treated High-risk Tibia
Fractures: a Randomized Clinical Trial. JAMA Surg. 2021;156(1):¢207259. doi:10.1001/jamasurg.2020.7259

Pesante BD, Parry JA. The Effect of Vancomycin and Tobramycin Local Antibiotic Powder on Surgical Site Infections After Open Treatment of
Fracture: a Retrospective Propensity-Matched Analysis. J Orthop Trauma. 2024;38(4):177-182. doi:10.1097/BOT.0000000000002758

Zuelzer DA, Hayes CB, Hautala GS, Akbar A, Mayer RR, Jacobs CA. Early Antibiotic Administration Is Associated with a Reduced Infection Risk
When Combined with Primary Wound Closure in Patients with Open Tibia Fractures. Clin Orth Relat Res. 2021;479(3):613—-619. doi:10.1097/
CORR.0000000000001507

Patzakis MJ, Wilkins J. Factors influencing infection rate in open fracture wounds. Clin Orthop Relat Res. 1989;243:36-40.

Dellinger EP, Caplan ES, Weaver LD, et al. Duration of preventive antibiotic administration for open extremity fractures. Arch Surg. 1988;123
(3):333-339. doi:10.1001/archsurg.1988.01400270067010

British Orthopaedic Association Trauma Committee. British Association Standard for Trauma (BOAST): open fracture management Injury.
2020;51(2):174-177. doi:10.1016/j.injury.2020.06.005.

Paley D, Herzenberg JE. Intramedullary infections treated with antibiotic cement rods: preliminary results in nine cases. J Orthop Trauma.
2002;16:723-729. doi:10.1097/00005131-200211000-00007

Vargas-Hernandez JS, Sanchez CA, Renza S, Leal JA. Effectiveness of antibiotic-coated intramedullary nails for open tibia fracture infection
prevention. A systematic review and meta-analysis. Injury. 2023;54(6):110857. doi:10.1016/j.injury.2023.110857

De Meo D, Cannari FM, Petriello L, Persiani P, Villani C. Gentamicin-Coated Tibia Nail in Fractures and Nonunion to Reduce Fracture-Related
Infections: a Systematic Review. Molecules. 2020;25(22):5471. doi:10.3390/molecules25225471

Anglen JO. Wound irrigation in musculoskeletal injury. J Am Acad Orthop Surg. 2001;9(4):219-226. doi:10.5435/00124635-200107000-00001
Heckmann ND, Davis JA, Mombell K, et al. Delayed debridement of open tibia fractures beyond 24 and 48 h does not appear to increase infection
and reoperation risk. Europ J Orthop Surg Traumatol. 2022;32(5):953-958. doi:10.1007/s00590-021-03057-2

Li J, Wang Q, Lu Y, et al. Relationship Between Time to Surgical Debridement and the Incidence of Infection in Patients with Open Tibial
Fractures. Orthop Surg. 2020;12(2):524-532. doi:10.1111/0s.12653

Elniel AR, Giannoudis PV. Open fractures of the lower extremity: current management and clinical outcomes. EFFORT Open Rev. 2018;3
(5):316-325. doi:10.1302/2058-5241.3.170072

Kortram K, Bezstarosti H, Metsemakers WJ, Raschke MJ, Van Lieshout EMM, Verhofstad MHJ. Risk factors for infectious complications after
open fractures; a systematic review and meta-analysis. Int Orth. 2017;41(10):1965-1982. doi:10.1007/s00264-017-3556-5

Flow Investigators, Bhandari M, Jeray KJ, Petrisor BA, Devereaux PJ, Heels-Ansdell D. A Trial of Wound Irrigation in the Initial Management of
Open Fracture Wounds. N Engl J Med. 2015;373(27):2629-2641. doi:10.1056/NEJMoal508502

Crowley DJ, Kanakaris NK, Giannoudis PV. Irrigation of the wounds in open fractures. J Bone Joint Br. 2007;89(5):580-585. doi:10.1302/0301-
620X.89B5.19286

Orthopedic Research and Reviews 2025:17 https: 435


https://doi.org/10.4314/mmj.v34i2.7
https://doi.org/10.1186/s12891-023-06271-7
https://doi.org/10.11604/pamj.2016.25.51.10612
https://doi.org/10.1097/00005373-198408000-00009
https://doi.org/10.1007/s00068-016-0725-y
https://doi.org/10.2106/00004623-199408000-00006
https://ota.org/sites/files/2021-06/General%20B2%20Open%20Fractures.pdf
https://ota.org/sites/files/2021-06/General%20B2%20Open%20Fractures.pdf
https://doi.org/10.1097/BOT.0b013e3181c7cb6b
https://doi.org/10.1097/BOT.0000000000000479
https://doi.org/10.1097/BOT.0000000000001896
https://doi.org/10.1097/BOT.0000000000002907
https://doi.org/10.2106/JBJS.RVW.N.00051
https://ota.org/sites/files/2021-06/General%20B2%20Open%20Fractures.pdf
https://doi.org/10.5435/JAAOS-D-22-00792
https://doi.org/10.3390/jcm11247461
https://doi.org/10.1302/2046-3758.77.BJR-2018-0043.R1
https://doi.org/10.1007/s00264-014-2293-2
https://doi.org/10.1001/jamasurg.2020.7259
https://doi.org/10.1097/BOT.0000000000002758
https://doi.org/10.1097/CORR.0000000000001507
https://doi.org/10.1097/CORR.0000000000001507
https://doi.org/10.1001/archsurg.1988.01400270067010
https://doi.org/10.1016/j.injury.2020.06.005
https://doi.org/10.1097/00005131-200211000-00007
https://doi.org/10.1016/j.injury.2023.110857
https://doi.org/10.3390/molecules25225471
https://doi.org/10.5435/00124635-200107000-00001
https://doi.org/10.1007/s00590-021-03057-2
https://doi.org/10.1111/os.12653
https://doi.org/10.1302/2058-5241.3.170072
https://doi.org/10.1007/s00264-017-3556-5
https://doi.org/10.1056/NEJMoa1508502
https://doi.org/10.1302/0301-620X.89B5.19286
https://doi.org/10.1302/0301-620X.89B5.19286

Hohmann et al

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

Duyos OA, Beaton-Comulada D, Davila-Parilla A, et al. Management of Open Tibial Shaft Fractures: does the Timing of Surgery Affect Outcomes.
J Am Acad Orthop Surg. 2017;25(3):230-238. doi:10.5435/JAAOS-D-16-00127

Yokohama K, Itoman M, Uchino M, Fukushima K, Nitta H, Kojima Y. Immediate versus delayed intramedullary nailing for open fractures of the
tibial shaft: a multivariate analysis of factors affecting deep infection and fracture healing. Indian J Orthop. 2008;42(4):410-419. doi:10.4103/
0019-5413.43385

Rajasekaran S. Early versus delayed closure of open fractures. /njury. 2007;38(8):890-895. doi:10.1016/j.injury.2007.01.013

Moola FO, Carli A, Berry GK, Reindl R, Jacks D, Harvey EJ. Attempting primary closure for all open fractures: the effectiveness of an institutional
protocol. Can J Surg. 2014;57(3):E82-88. doi:10.1503/cjs.011413

Hohmann E, Tetsworth K, Radziejowski MJ, Wiesnieswki TF. Comparison of delayed and primary wound closure in the treatment of open tibial
fractures. Arch Orthop Trauma Surg. 2007;127(2):131-136. doi:10.1007/s00402-006-0222-6

Scharfenberger AV, Alabassi K, Smith S, et al. Primary Wound Closure After Open Fracture: a Prospective Cohort Study Examining Nonunion and
Deep Infection. J Orthop Trauma. 2017;31(3):121-126. doi:10.1097/BOT.0000000000000751

Riechelmann F, Kaiser P, Arora R. Primary soft tissue management in open fracture. Oper Orthop Traumatol. 2018;30(5):294-308. doi:10.1007/
s00064-018-0562-8

Reynolds AW, Garay M, Philp FH, Hammarstedt, Altman GT, Nwankwo CH. Definitive fixation of open tibia fractures: does reopening the
traumatic wound increase complication rates? J Clin Orthop Trauma. 2021;24:101715. doi:10.1016/j.jcot.2021.101715

Melvin JS, Dombroski DG, Torbert JT, Kovach SJ, Esterhai JL, Mehta S. Open tibial shaft fractures: i. Evaluation and initial wound management.
J Am Acad Orthop Surg. 2010;18(1):10-19. doi:10.5435/00124635-201001000-00003

Lack WD, Karunakar MA, Angerame MR, et al. Type III open tibia fractures: immediate antibiotic prophylaxis minimizes infection. J Orthop
Trauma. 2015;29(1):1-6. doi:10.1097/BOT.0000000000000262

Kim JH, Lee DH. Negative pressure wound therapy vs. conventional management in open tibia fractures: systematic review and meta-analysis.
Injury. 2019;50(10):1764-1772. doi:10.1016/j.injury.2019.04.018

Stannard JP, Volgas DA, Stewart R, McGwin G, Alonso JE. Negative pressure wound therapy after severe open fractures: a prospective randomized
study. J Orthop Trauma. 2009;23(8):552—557. do0i:10.1097/BOT.0b013e3181a2e2b6

Kumaar A, Shanhappa AH, Ethiraj P. A Comparative Study on Efficacy of Negative Pressure Wound Therapy Versus Standard Wound Therapy for
Patients With Compound Fractures in a Tertiary Care Hospital. Cureus. 2022;14(4):¢23727. doi:10.7759/cureus.2372

Costa ML, Achten J, Bruce J, et al. UK WOLLF Collaboration. Effect of Negative Pressure Wound Therapy vs Standard Wound Management on
12-Month Disability Among Adults With Severe Open Fracture of the Lower Limb: the WOLLF Randomized Clinical Trial. JAMA. 2018;319
(22):2280-2288. doi:10.1001/jama.2018.6452

Costa ML, Achten J, Knight R, Png ME, Bruce J, Dutton S. Negative-pressure wound therapy compared with standard dressings following surgical
treatment of major trauma to the lower limb: the WHiST RCT. Health Technol Assess. 2020;38(1):1-86. doi:10.3310/hta24380

Costa ML, Achten J, Knight R, Campolier M, MS M. Five-year outcomes for patients sustaining severe fractures of the lower limb from the Wound
Healing in Surgery for Trauma (WHIST) trial. Bone Joint J. 2024;106(8):858-864. doi:10.1302/0301-620X.106B8

Farhan-Alanie M, Ward J, Kelly MB, Al-Hourani K. Current Perspectives on the Management of Bone Fragments in Open Tibial Fractures: new
Developments and Future Directions. Orthop Res Rev. 2022;14:275-286. doi:10.2147/ORR.S340534

Al-Hourani K, Stoddard M, Khan U, Riddick A, Kelly M. Orthoplastic reconstruction of type IIIB open tibial fractures retaining debrided
devitalized cortical segments: the Bristol experience 2014 to 2018. Bone Joint J. 2019;101(8):1002—1008. doi:10.1302/0301-620X.101B8.BJJ
Bruce B, Sheibani-Rad S, Appleyard D, et al. Are dropped osteoarticular bone fragments safely reimplantable in vivo? J Bone Joint Surg Am.
2011;93(5):430-438. doi:10.2106/JBJS.J.00793

. Shanmuganathan R, Chandra Mohan AK, Agraharam D, Perumal R, Jayaramaraju D, Kulkarni S. Successful reimplantation of extruded long bone

segments in open fractures of lower limb--a report of 3 cases. Injury. 2015;46(7):1389-1392. doi:10.1016/j.injury.2015.04.006
Rathore S, Reddy IV, Kumar AHA. A novel technique for reimplanting extruded bone fragments in open fractures. Trauma Case Rep. 2016;4:5.
doi:10.1016/j.tcr.2016.05.006

Orthopedic Research and Reviews Dovepress
Taylor & Francis Group

Publish your work in this journal

Orthopedic Research and Reviews is an international, peer-reviewed, open access journal that focusing on the patho-physiology of the
musculoskeletal system, trauma, surgery and other corrective interventions to restore mobility and function. Advances in new technologies,
materials, techniques and pharmacological agents are particularly welcome. The manuscript management system is completely online and
includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/orthopedic-research-and-reviews-journal

. Orthopedic Research and Reviews 2025:17
43 EHXinDO P


https://doi.org/10.5435/JAAOS-D-16-00127
https://doi.org/10.4103/0019-5413.43385
https://doi.org/10.4103/0019-5413.43385
https://doi.org/10.1016/j.injury.2007.01.013
https://doi.org/10.1503/cjs.011413
https://doi.org/10.1007/s00402-006-0222-6
https://doi.org/10.1097/BOT.0000000000000751
https://doi.org/10.1007/s00064-018-0562-8
https://doi.org/10.1007/s00064-018-0562-8
https://doi.org/10.1016/j.jcot.2021.101715
https://doi.org/10.5435/00124635-201001000-00003
https://doi.org/10.1097/BOT.0000000000000262
https://doi.org/10.1016/j.injury.2019.04.018
https://doi.org/10.1097/BOT.0b013e3181a2e2b6
https://doi.org/10.7759/cureus.2372
https://doi.org/10.1001/jama.2018.6452
https://doi.org/10.3310/hta24380
https://doi.org/10.1302/0301-620X.106B8
https://doi.org/10.2147/ORR.S340534
https://doi.org/10.1302/0301-620X.101B8.BJJ
https://doi.org/10.2106/JBJS.J.00793
https://doi.org/10.1016/j.injury.2015.04.006
https://doi.org/10.1016/j.tcr.2016.05.006
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Eligibility Criteria
	Literature Search
	Data Extraction and Quality Assessment

	Results
	Incidence– Epidemiology
	Classification Systems
	Principles of Treatment
	Antibiotics
	Debridement
	Irrigation
	Timing of Surgery and Surgical Implant Options
	Primary Skin Closure– Temporary Wound Dressings
	Soft Tissue Management
	Large Bone Fragments


	Conclusions
	Author Contributions
	Funding
	Disclosure

