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Abstract: The purpose of this study was to conduct a review of contemporary definitive treatment options, potential complications
and clinical outcomes for open tibial shaft fractures and while assessing their relevance and applicability within South African context.
Treatment options available in high-income countries may not be accessible in low-resource settings, requiring adaptations to the
treatment approach based on local conditions. Only one African country has attempted to establish principal guidelines for the
treatment of open tibial fractures through a consensus-based approach. These guidelines cover primary assessment, antibiotics, initial
stabilization, referral criteria, debridement and irrigation, documentation, wound closure, soft-tissue management, amputation, and
definitive internal fixation. Unfortunately, definitive fracture management recommendations for African low-resource countries are not
yet available. There is a lack of data regarding the treatment of open tibial fractures in low-resource countries, particularly in regional
and rural areas. Existing guidelines address antibiotic prophylaxis and treatment, debridement and lavage, initial surgical fixation,
wound closure (both primary and definitive), soft-tissue management (including flap coverage), and bone fragment retention, all
adapted to local resource availability. However, guidelines for definitive treatment remain unavailable. Treatment options recom-
mended by high-income countries are largely unsuitable, and Southern African nations should focus on developing guidelines tailored
to their available resources.
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Introduction
Managing open tibial fractures in the initial stages is highly challenging and requires a multifaceted approach.'™
Essential steps include administering intravenous and local antibiotics, performing thorough debridement and irrigation,
determining the optimal timing for surgery, selecting appropriate skin closure methods, utilizing temporary wound
dressings, managing soft tissue damage, and addressing large bone fragments effectively.' >3 Part one of this review
highlighted the lack of data on open tibial fracture treatment in low-resource areas.” Guidelines should prioritize
antibiotics, debridement, fixation, wound closure, and soft-tissue management while considering local resources and as
high-income country treatments are often unavailable, Southern African nations should develop region-specific
protocols.® Definitive treatment involves determining the optimal timing for definitive fixation, transitioning from
external fixation, managing bone loss, deciding between limb salvage and amputation, selecting appropriate fixation
techniques, addressing complications, and evaluating clinical outcomes.' >3

The management of open tibial fractures in Africa presents significant challenges, including limited early access to
specialist care, a lack of fixation devices and intraoperative radiographic imaging, and delayed presentations, as many
patients first seek treatment from traditional healers and bone setters before accessing formal orthopaedic care.'”

Additionally, access to healthcare in rural and regional areas remains a major challenge.'' Recently, Graham et al
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established a consensus on research priorities in orthopedic trauma in South Africa, with the treatment of open fractures,
particularly open tibial fractures, identified as a top priority.'> Unfortunately, universal guidelines for low-resource and
African countries are lacking, with the only existing guideline published by the Malawi Orthopaedic Association/AO
Alliance."® Unfortunately, specific recommendations for definitive fracture management were not provided and the
guidelines only suggested that definitive internal stabilization should be performed only when it can be immediately
followed by definitive soft tissue coverage.'’

The purpose of this study was to conduct a review of contemporary definitive treatment options, potential complica-
tions and clinical outcomes for open tibial shaft fractures and while assessing their relevance and applicability within
Southern African context.

Methods

This study adhered to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines'*
and the updated recommendations outlined in the Cochrane Handbook. '

Eligibility Criteria

This project included all Level I-IV evidence-based clinical studies on open tibial shaft fractures. Reviews, systematic
reviews, and meta-analyses were excluded, although their references were reviewed to identify relevant studies meeting
the 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-
plicatons” 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 used to systematically collect information from each article, including the level of
evidence, study location, patient age, and sex. Key areas documented included treatment principles, timing of surgery,
management of large fragments, treatment of bone defects, limb salvage versus primary amputation, conversion to
definitive treatment, fixation techniques, complications, clinical outcomes, and the applicability of these variables to the
African context.

Results

Timing of Surgery

In general, the treatment of open tibial fractures should follow the standard principles of orthopaedic trauma manage-
ment, and the presence of an open fracture should not justify deviating from established osteosynthesis guidelines.® Type
I and II open fractures can generally be treated with definitive osteosynthesis, and most Type III injuries can follow this
approach, except in cases involving large or segmental bone defects, significant soft tissue damage requiring flap
coverage, severely contaminated farm injuries, or vascular injuries requiring urgent reperfusion surgery.>'® Treatment
options include intramedullary fixation, plating, and external fixation methods like ring fixators and spatial frames, with
intramedullary nailing generally being the primary choice for most open diaphyseal and extra-articular metaphyseal

fractures, although alternative methods may be necessary in certain cases.>’*'¢

2 https: Orthopedic Research and Reviews 2026:18



Hohmann et al

Although there are no universally established guidelines regarding the optimal timing of surgery for open tibial
fractures, the Malawi guidelines may provide a useful framework in this context. These guidelines recommend
stabilization with an external fixator at the time of initial debridement, if available, with definitive internal fixation
performed once adequate and definitive soft tissue coverage is achievable. This approach is, of course, dependent on the
availability of surgical expertise and the necessary hardware, and it can be implemented in rural, regional, and teaching
hospital settings.

Conversion from Temporary External Fixation to Definitive Fixation

When a temporary external fixator is used for initial stabilization, transitioning to internal fixation is generally advised for
definitive treatment.” However, there is ongoing debate regarding the ideal timing for safe conversion and the earliest
point at which internal fixation can be performed.® Current evidence strongly supports the view that external fixation of
tibial fractures should be considered a temporary measure, with early conversion to intramedullary nailing recommended.
This approach minimizes the risk of long-term complications associated with external fixation and promotes more
efficient bone healing.'” In general, conversion should be performed at the earliest opportunity to minimize the risk of pin
tract infections.'” Studies suggest that conversion from external fixation to intramedullary nailing is safest within two
weeks of the initial procedure, as delayed conversion is associated with higher infection rates.'®'? Ye et al demonstrated
that early conversion within 5-7 days is preferable, as infection rates were shown to increase significantly with delayed
conversion, rising from 5.9% to 23% when performed after 7 days.?’ Melvin et al advocated for conversion as soon as
the patient can tolerate another procedure and soft tissue coverage is adequate.?’ A safety interval of less than 10 days
should be used if pin tract infections are present, provided they are managed with debridement, irrigation, and
antibiotics.>' Le Baron et al found that early conversion was associated with a reduction in both superficial and deep
infections, higher union rates, and fewer required surgeries.”” Interestingly, Yokoyama et al demonstrated that the most
critical factor in preventing deep infections when managing open tibial fractures with temporary external fixation
followed by conversion to intramedullary nailing is achieving skin closure within one week.>® As previously noted,
reopening and exploring the wound during definitive fracture fixation, when converting a temporary external fixator to
intramedullary nailing, does not appear to increase the risk of complications.*

The Malawi guidelines recommend converting from external fixation to internal fixation as soon as possible, provided
there is minimal contamination and the procedure is performed by an orthopaedic surgeon capable of simultaneously
achieving adequate soft tissue coverage.'> The authors suggest following the approach described by Gopal et al, who
recommended performing soft tissue coverage within 72 hours and advocated for early conversion from external to
internal fixation to reduce the risk of pin-tract infections and malunion.'** Gopal et al also recommended transferring
patients to an appropriate centre for definitive care.*” This approach is particularly relevant in the African context, where
surgical expertise is concentrated in teaching hospitals and is generally unavailable in regional or rural settings.'’

Bone and Segmental Bone Defects

Bone loss can occur at the time of injury and may involve extruded fragments, partial or complete circumferential bone
loss, or segmental defects.”” Critical bone defects are generally defined as those that prevent healing despite surgical
stabilization and necessitate further intervention, such as bone grafting, for successful recovery.”®>” The SPRINT trial
defined a critical-sized bone defect as a fracture gap measuring at least 1 cm in length and encompassing more than 50%
of the cortical diameter.”® The primary techniques for addressing critical bone loss include the induced membrane
technique (Masquelet), distraction osteogenesis, acute limb shortening and lengthening, vascularized fibular bone
grafting, as well as more advanced methods such as plate-assisted bone segment transport and three-dimensional
bioprinting.>> Omar et al recommended distinguishing between primary and secondary defect reconstructions.®> For
primary reconstruction, defects less than 3 cm can be addressed with limb shortening, defects under 5 cm with bone
grafting, and defects greater than 5 cm with vascularized bone transplantation.® For secondary reconstructions, defects
larger than 3 cm are best treated with bone lengthening, while those exceeding 5 cm are ideally managed using the
Masquelet technique.®> A simpler approach proposed by Ferreira and Tanwar suggests that bone defects less than 2 cm
can be treated with primary shortening or bone grafting; defects between 2—6 cm can be addressed with the induced
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membrane technique or acute shortening followed by bone transport and lengthening; and defects greater than 6 cm can
be managed with bone transport and lengthening.*®

Induced Membrane Technique (Masquelet)

The Masquelet technique offers three key benefits: 1) The PMMA spacer maintains defect space, preventing tissue
contracture; 2) The membrane, rich in growth factors enhances graft consolidation by promoting cell proliferation and
osteoblastic differentiation; 3) The membrane creates a protective compartment, safeguarding the autograft from
resorption.”” The Masquelet technique occurs in two stages: first, bony debridement and placement of a PMMA cement
spacer, with stabilization by fixation. The second stage, typically 6 to 12 weeks later, involves removing the spacer,
preserving the membrane, and filling the defect with autologous bone graft, possibly supplemented by allograft or other
substitutes, ensuring a 3:1 ratio of autograft to allograft.*

Distraction Osteogenesis

Distraction osteogenesis for segmental bone loss involves transporting a bone segment using an external fixator or
intramedullary device, initially described by Ilizarov for nonunions.***' The technique has gained popularity with the use
of spatial and monolateral frames. After applying the frame, a corticotomy is performed, and the transport phase begins,
progressing at up to 1 mm per day.’>>' Once the transported segment reaches the docking site, it is compressed until
healing occurs, with the consolidation phase often taking twice as long as the transport phase.’**! Advantages include
reliability, weight-bearing during reconstruction, and no size limitations for defects.’> However, disadvantages include
the lengthy consolidation process and the physical and psychological burden on the patient.*>

Acute Limb Shortening and Lengthening

Acute limb shortening is the simplest and likely fastest treatment for segmental bone loss, allowing for early primary
closure without soft tissue tension, which enables delayed lengthening via distraction osteogenesis once the soft tissue
heals.>® A major complication of acute limb shortening, especially with shortening over 3—5 cm, is arterial kinking,
necessitating careful pulse monitoring, while excessive alteration of the muscle length-tension relationship can impair
muscle function.”

Vascularized Fibular Bone Grafting

Vascularized fibular grafting, developed in the 1970s for defects over 10 cm, has lost favour due to newer techniques like
distraction osteogenesis and the Masquelet method.? Its main drawbacks include donor site morbidity, restricted weight-
bearing for up to two years, and graft fractures in up to 20% of cases during the first year.>?

Plate-Assisted Bone Segment Transport

In 2018, Baringa et al described a novel technique for managing bone defects in a case report.>* The method involved the
use of an intramedullary limb-lengthening system combined with bridging plate fixation. A variable-angle plate was
utilized to span the defect, while a precise intramedullary nail facilitated distraction osteogenesis. This approach was
applied to a patient with a Grade IIIb open fracture presenting a 2.5 cm bone defect. This technique has several
limitations, including the plate length, which may restrict the corticotomy site to the metaphyseal region, and the stroke
distance of the nail, which limits bone transport without adjustments.*>> Complications of lengthening nails, including
magnetically operated ones, may include nail bending, fractures, superficial infections, mechanism failure, and over-
distraction.*

Three-Dimensional Custom Implants

Advances in 3D printing technology now allow for patient-specific implants in orthopedic procedures, including post-
traumatic limb reconstruction, by using processed CT data from the injured limb.>**” Tetsworth et al reported the
successful use of a 3D-printed custom titanium cage filled with bone graft, inserted into an induced membrane and
stabilized with either a lateral locked plate or an intramedullary nail in five cases, achieving union in all cases.*®*’
Nwankwo et al reported a single case with a 5-year follow-up, demonstrating successful union and satisfactory clinical

outcomes.*® These results are undoubtedly promising but require validation through larger case series.

4 https: Orthopedic Research and Reviews 2026:18



Hohmann et al

The reported prevalence of bone loss in open long bone fractures is approximately 15%.%° The ORCA Study Group,
using a survey, found that the majority of orthopaedic surgeons from 31 African countries work in tertiary referral
hospitals.*® Although there are no data on whether regional hospitals in Africa manage bone defects, the Malawi
guidelines recommend transferring grade III open fractures to the nearest central hospital for treatment and suggest
that these injuries should be managed in specialist centres.'> Given the limited availability of expertise in regional
hospitals across Africa, it is reasonable to assume that bone defects are, and should be, managed in referral hospitals.

Limb Salvage versus Primary Amputation

The decision between limb salvage and amputation for patients with severe injuries remains unresolved, despite the
findings of the LEAP studies.*' The findings indicate that soft tissue injury is a more critical factor for function than bone
damage, that scoring systems are not useful for decision-making, and that outcomes are influenced by patient factors like
smoking, alcohol abuse, social status, and insurance; further, the cost-benefit of amputation is three times higher than
limb salvage, with both options resulting in limited overall outcomes.>*' The BOA/BAPRAS guidelines recommend
primary amputation in cases of: avascular limbs with more than 4-6 hours of warm ischemia; segmental muscle loss
involving more than two compartments; or segmental bone loss exceeding one-third of the tibial length.” Delayed
amputation after a failed limb reconstruction is a viable treatment option, leading to satisfactory outcomes similar to
those of early amputation or successful limb reconstruction methods.*

The Malawi guidelines recommend that immediate amputation, except in life-threatening emergencies, should not be
performed without consultation with another surgical colleague.'® Primary amputation may be necessary as damage-
control surgery in cases such as uncontrollable haemorrhage, severe crush injuries, or the need for rapid resuscitation.'?
Early amputation within 48 hours may also be appropriate for limbs deemed unsalvageable.'®> This decision should
involve two surgeons, both to reassure the patient and family that a second opinion has been sought and to allow the
operating surgeon to confirm the irreversible nature of the procedure.'?

Fixation Techniques

The optimal surgical fixation strategy for open tibial shaft fractures remains controversial.*’

However, current evidence
suggests that intramedullary nailing may offer superior outcomes compared to other fixation methods.**

Intramedullary Nailing
Intramedullary nailing (IMN) is the preferred fixation method for open tibial shaft fractures.***** This technique offers
several advantages, such as preservation of the periosteal blood supply, minimization of soft tissue trauma, and effective
control of alignment, rotational forces, and translational forces.*’ Immediate intramedullary nailing for Grade 1-2
fractures is a safe option, provided there has been adequate debridement, irrigation, and appropriate soft tissue
coverage.” Farm injuries or contaminated wounds, however, should initially be managed with temporary fixation.*****?
In a randomized controlled trial, Kalkar et al demonstrated that immediate unreamed nailing in patients with Grade
1-3b fractures is safe, provided meticulous soft tissue management is performed. Deep infection rates were found to be
3%, evenly distributed across the Gustilo-Anderson severity grades.** Yokohama et al found that immediate IMN for
Grade I-Illa fractures is not associated with an increased risk of infection, but reported higher infection rates in Grade
I1Ib and Illc fractures.* The authors also noted no significant differences between reamed and unreamed nails.*> Xue
et al conducted a subgroup analysis of randomized trials and similarly concluded that there are no significant differences
between reamed and unreamed nails.*® The SPRINT trial found no differences in infection rates or reoperations to
achieve union between the unreamed and reamed groups in open tibial shaft fractures, but suggested a potential benefit in
favour of reamed nailing.*” The LEAP study group evaluated immediate nailing for Grade III fractures and found that
while infection rates were high, they were significantly lower compared to the external fixator group.*® The authors
concluded that intramedullary nailing, even for Grade III fractures, may be a more suitable option than external fixation
to reduce the incidence of infection.*® Based on current evidence, intramedullary nailing appears to be the preferred
method for fixation in open tibial fractures.
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External Fixation

Definitive external fixation remains a viable and effective treatment choice for open tibial shaft fractures. Beltios et al
evaluated the use of a unilateral external fixator as the primary treatment for open tibial fractures in 212 patients, finding
union at an average of 25 weeks.*” However, they reported a high incidence of non-unions and delayed unions, with
a reoperation rate of 20%.*’ Alsharef et al conducted a meta-analysis comparing external fixation to nailing, revealing
higher rates of pin tract and superficial infections, as well as malunion with external fixation, and recommended nailing
as the preferred fixation method for open tibial fractures.’® Similar to Alsharef et al, Liu et a. found that intramedullary
nailing significantly reduced the risk of postoperative superficial infection and malunion compared to external fixation in
patients with open tibial fractures, leading to the recommendation of intramedullary nailing.’' These findings were
confirmed by Al-Hourani in a later meta-analysis, which reported that nailing resulted in lower reoperation rates and
a greater reduction in Type III fractures.>?

Ring fixators, are another type of external fixation, and offer the advantage over intramedullary nailing by keeping the
hardware away from the fracture site, similar to uniplanar external fixators. Theoretically, this may potentially reduce the
risk of deep infection. However, the FIXIT study demonstrated that the risk of at least one complication was higher for
the ring fixator compared to nailing, although there were no significant differences in infection, amputation, nonunion,
soft tissue issues, malunion, or fracture healing and discouraged the use of ring fixators.>® Earlier, Henley et al compared
nailing to half-pin ring fixators and found that nailing resulted in significantly lower rates of malalignment and infection,
with comparable outcomes in bone and soft tissue healing.>* While external fixation is a viable option, intramedullary

nailing appears to be the superior technique.

Plating

Plating remains an uncommon technique for tibial shaft fixation in open fractures.*® Galal conducted a randomized
controlled trial comparing nailing to percutaneous plating and found no significant differences between the groups in
terms of infection or nonunion rates.”> Bach and Hansen compared plating to external fixation in Type II-III open
fractures and reported higher rates of deep infection (19%) in the plating group, compared to 3% in the external fixation
group, though healing rates were similar in both groups.’® Aviluca et al compared plating to nailing and found that ORIF
resulted in higher rates of nonunion and significantly increased the odds of complications compared to intramedullary
nailing (IMN) for open tibial fractures.”” Kim et al demonstrated that minimally invasive plating can lead to favorable
outcomes. In their study of 34 patients with Grade I-III open tibial fractures, they achieved primary union in 80%, with
9% experiencing superficial infections and 17% experiencing deep infections, none of which required hardware
removal.>® Based on current evidence, plating—whether minimally invasive or open—should not be considered the
primary fixation method for open tibial fractures.

Fixation techniques for open long bone fractures vary widely, largely reflecting differences in available resources.
Zubair et al reported that external fixation and Kirschner wires were used for both temporary and definitive fixation.'’
Among the 31 studies reviewed, 10 described the use of K-wires and external fixators, while 7 reported conversion to
intramedullary nailing. In 15 studies, intramedullary nails were employed for both initial and definitive fixation. It is
recommended that fixation methods follow current published guidelines, provided the necessary resources and surgical
expertise are available.'® Interestingly, a survey by the ORCA group found that only 12% of surgeons had access to
external fixation, with almost no access to internal fixation.*® When available, 94% of surgeons used intramedullary
nailing as their first choice for primary fixation.*® Despite this, casting and splint immobilization are still commonly used
in these settings.*” These findings highlight the significant resource constraints in many African hospitals, which
necessitate adaptation of standard fixation strategies and may require reliance on temporary or non-operative methods.

Complications

Open tibial fractures are associated with a high risk of complications. In a case series of 173 patients treated over five
years, Lua et al reported an 18% postoperative complication rate, with 21% developing deep infections and osteomyelitis
of which 40% were caused by hospital-acquired MRSA.”® Complications such as non-union, mal-union and delayed
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unions was observed in 18%.°° Regarding fixation techniques, a meta-analysis concluded that external fixation was
associated with a significantly higher risk of complications, including nonunion and infection.*’

Infection Rates

The overall infection rate for open tibial fractures has shown a slight upward trend over the past four decades. The
infection rate by decade was 14% for 1977-1986, 16.2% for 1987—-1996, 20.5% for 1997-2006, and 18.1% from 2007 to
2017.%! Interestingly, the incidence of infections following open tibial fractures did not significantly differ between high-,
middle-, and low-income countries.®® Papakostidis et al reported infection prevalence in relation to fracture severity.®?
Overall infection rates, regardless of treatment method, were 2% for Grade I, 3% for Grade 11, 5% for Grade IIIA, 12%
for Grade IIIB, and 16% for Grade IIIC fractures.®® Infection rates for fractures treated with intramedullary nailing were
2% for Grade I, 3% for Grade II, 2.5% for Grade IIIA, and 9% for Grade IIIB.®® Infection rates for fractures treated with
external fixation were 6% for Grade IIIA, and 19% for Grade IIIB.*> The INFINITI study reported a 12-month post-
operative infection rate of 8.0%.°* Infection rates varied by fracture grade: 0.6% in Grade 1, 1.8% in Grade 2, and 5.5%
in Grade 3 fractures.* Hu et al reported a 17% incidence of superficial infections and a 1.5% incidence of deep infections
in a retrospective study of 2,693 patients with open tibial fractures.®> Independent risk factors included fracture type,
surgery duration exceeding 120 minutes, intraoperative body temperature below 36.4°C, blood glucose levels below
100 mg/dL, platelet count under 288, and WBC count above 9.4.°° Obviously, patient comorbidities also significantly
influence infection rates.°® Saiz et al reported the following odds ratios: 2.26 for alcohol use, 4.5 for bleeding disorders,
3.25 for congestive heart failure, 1.7 for diabetes, 2.17 for psychiatric illness, 1.56 for hypertension, 3.05 for obesity, and
2.09 for chronic obstructive pulmonary disease.”® However, smoking and drug use were not associated with an increased
risk.°® Zhang et al identified predictors for both superficial and deep infections.®’ Risk factors for superficial infections
included obesity (OR 2.08), morbid obesity (OR 4.99), wound contamination (OR 2.04), and Type III injuries (OR 6.12).
Risk factors for deep infections included polytrauma (OR 3.6), wound contamination (OR 2.14), and Grade III fractures
(OR 2.45).

Non-Union Rates

Santolini et al identified open fractures as the second most significant risk factor for nonunion, with tibial shaft fractures
being especially vulnerable due to poor anterior soft-tissue coverage and limited vascularization.®® A meta-analysis of 32
studies reported overall non-union rates, irrespective of treatment method, ranging from 0-52% for Grade I, 0-49% for
Grade 11, 1.6-50% for Grade IIIA, 0-54% for Grade IIIB, and 17-64% for Grade IIIC fractures.®® Due to significant
heterogeneity, the authors were unable to pool the data.®®> Nonunion rates for intramedullary nailing were 0.9% for Grade
I, 4.3% for Grade 11, 7.1% for Grade IIIA, and 3.4% for Grade IIIB fractures.®

Other Complications

Malunion rates have been reported to range from 0% to 68%, with rates as high as 20% following intramedullary
nailing.®” Compartment syndrome in open tibial fractures, with an incidence of 9.1%, is similar to that in closed fractures
and is most common in severe Grade III open injuries with comminution, particularly in pedestrian trauma.”®’" Patients
who underwent external fixation had a 1.9 times higher risk of compartment syndrome, with additional risk factors
including younger age, female sex, and more severe fractures.”' The development of Complex Regional Pain Syndrome
(CRPS) following surgery is a significant concern, as it substantially complicates postoperative recovery and has
profound negative clinical consequences.’” Prospective study on patients with tibial fractures reported a 31% incidence
of Complex Regional Pain Syndrome following surgical repair, with rates of 33% for intramedullary nailing, and 29% for
both nail-and-screw fixation and external fixation.”> Smith et al reported that 70% of patients with displaced tibial shaft
fractures developed acute localized osteoporosis, with 25% of these cases progressing to algodystrophy, and noted that
external fixation increased the risk of algodystrophy.”* Free flaps are an important reconstructive option for soft-tissue
defects, but they are also associated with a risk of failure. The failure rate of a first free flap is reported to be
approximately 10%, while the success rate for a second free flap is less favourable, with a failure rate of 17%. The
amputation rate following flap failure is 12%, and in cases of partial flap loss, the preferred approach is a split-skin graft,
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used in 50% of cases.”” In a systematic review, flap necrosis occurred in 7.8% of cases, with partial necrosis in 9.1% and
13.8% requiring re-exploration for suspected vascular issues.”®

Outcomes

Surprisingly, there is a paucity of studies reporting on patient-reported outcomes, with most research focusing on clinical
outcomes such as infection and union rates for various techniques. The LEAP study, however, has addressed both clinical
and patient-reported outcomes in severe open tibial fractures, comparing limb salvage and amputation approaches.*' The
LEAP STUDY reported the following findings: at 84 months, only 23% of participants were pain-free. While 58% had
returned to work, 20-25% experienced limitations in their job performance. Within 6 months, complication rates
included: 4% amputation, 24% non-union, 8% osteomyelitis, and 42% reported psychological distress at 24 months post-
injury.”””® Overall, patients who undergo open tibia fracture management face a significant risk of long-term functional,
physical, and psychosocial consequences.””’® For example, only 48% with grade 3 of patients returned to full time
employment.”” Cho et al reported that patients assessed at least one year after treatment had a lower extremity function
score of 71, indicating minimal functional limitation or normal function, with outcomes strongly correlated to the
occurrence of complications and the size of skin defects.”® Giannoudis et al treated distal tibial fractures with circular
ring fixation and reported good or excellent outcomes in 62% of patients six months after frame removal. However, they
also observed that health-related quality of life assessments revealed significant ongoing effect.”” Hari et al reported 66%
excellent and 27% good outcomes in patients treated for Grade I-II fractures with intramedullary nailing, using
Ketanjian’s criteria.®® Ferguson et al found that 47% of patients reported work-related disability, while 40% experienced
persistent pain.®' Nightingale et al investigated factors important to patients recovering from an open tibial fracture and
found that most were unable to return to previous activities, with key concerns including regaining physical mobility,
treatment preferences, fears of poor recovery, and coping strategies to reduce psychological burden.®?

Outcomes in Africa

Orthopaedic care in Africa faces numerous challenges, including difficulties in training and retaining doctors in trauma
and orthopaedics, inequitable access to healthcare, particularly for rural and impoverished populations, inadequate human
resources and budgets, poor management practices, limited use of effective health information systems, and leadership
challenges. Additionally, there is a rising burden of non-communicable chronic diseases, such as osteoarthritis, osteo-
porosis, diabetes, and injuries. For example, in Malawi, the total number of orthopaedic surgeons in 2021 was just 14,
and orthopaedic care in district hospitals was primarily provided by orthopaedic clinical officers.*> The Malawi
Orthopaedic Association has published guidelines on the management of open tibial fractures, including 16 key
statements covering primary assessment based on ATLS principles, antibiotic administration, debridement, documenta-
tion, stabilization, amputation, and appropriate patient counselling.'? Unfortunately, the implementation of these guide-
lines has not led to an overall improvement in clinical management. The authors speculated that one possible reason for
this is the inadequate hospital facilities and resources, including a lack of water, electricity, radiography, basic
orthopaedic equipment, anesthesia, and operating theatres.'' Graham and the Orthopaedic Research Collaboration in
Africa (ORCA) recently established a consensus on the top 10 research priorities in orthopaedics and the treatment of
open tibial fractures was identified as one of the highest-priority areas for further investigation.'

A scoping review identified 39 studies from 15 different African countries and documented that the majority of open
fractures were the result of high-energy road traffic accidents.'® Of these, 20% were grade 1, 21% were grade 2, and 59%
were grade 3 open injuries. External fixation was the most common method of fixation, with a significant proportion
treated non-operatively.'” Over 49% of patients experienced malunion, 5% had documented non-union, and nearly 6%
had delayed union. Wound infection occurred in 9.4% of cases, while pin tract infection was noted in 7.6%."°

As early as 1996, Steiner & Kotisso investigated the treatment of open fractures in 20 patients using plate fixation,
reporting a deep infection rate of 18%.%* However, the study was significantly limited by a 50% loss to follow-up, which
substantially compromised the validity and clinical applicability of the findings.* Kouassi et al evaluated the use of
a locally developed external fixator as definitive treatment for open tibial fractures in 40 cases.® They reported a union
rate of 72%, with a mean time to union of 8.5 months.®*> Malunion occurred in 7.5% of cases, non-union in 10%, pin tract
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infections in 32%, and deep infections in 17%.%° Ekure et al reported the outcomes of using an intramedullary nail
without the need for intraoperative imaging, as part of the Surgical Implant Generation Network (SIGN), in the
management of 55 open fractures.®® Among these, 60% were classified as Gustilo-Anderson grade IIIA, 14% as grade
11, and 14% as grade I open fractures.*® The study documented an overall infection rate of 11%, a non-union rate of 3%,
and no reported cases of postoperative deformities.*® Adesina et al also utilized the SIGN nail for the management of 101
open fractures, the majority of which were classified as Gustilo-Anderson grade ITIA.*” They reported an overall
infection rate of 15%, with radiographic union achieved in 79% of cases at 12 weeks postoperatively.®” Cortez et al
followed 240 patients with open tibial fractures, treated with either nailing or external fixation, for a minimum of 3
years.*® The authors reported complication rates of 24% in the nailing group and 27% in the external fixation group, with
the majority of complications involving chronic infection or non-union.*® Masterson et al investigated return-to-work
rates following intramedullary nailing of lower extremity fractures.®” They reported an overall return-to-work rate of
34% at 6 months and 56% at 18 months. Among patients who were employed pre-injury, 70.1% had resumed work by 18
months postoperatively.®’

Summary/Conclusions

Regarding surgical timing, grade I and II injuries, as well as grade IITA fractures, can be definitively treated if the wounds
are clean and primary closure can be easily achieved. In contrast, grade III fractures often benefit from temporary fixation
before definitive treatment. Intramedullary nailing appears to be the treatment of choice for grade I-IIla fractures. The
management of grade IIIB and IIIC fractures depends on factors such as early debridement, timely conversion from
external fixation to nailing, and prompt soft tissue management. Temporary external fixation, if deemed feasible, should
be converted to definitive fixation within 14 days of the initial procedure, preferably within 5—7 days, provided adequate
soft tissue coverage is achieved. Bone defects of at least 1 cm and involving more than 50% of the cortical diameter are
typically treated with the Masquelet technique, distraction osteogenesis, or acute shortening. Defects under 2 cm can be
managed with primary shortening or bone grafting, while those between 2—6 cm may require the Masquelet technique or
acute shortening followed by bone transport. Defects greater than 6 cm are best treated with bone transport and
lengthening. Despite the findings of the LEAP studies, the decision between limb salvage and amputation for patients
with severe injuries remains inconclusive. Open tibial fractures are associated with a high risk of complications. Infection
rates remain elevated, ranging from 14% to 18%, with higher-grade open fractures exhibiting higher rates of infection.
Non-union rates can reach up to 50%, though they are lowest when treated with intramedullary nailing. Other
complications associated with open tibial fractures include malunion, compartment syndrome, complex regional pain
syndrome (CRPS), fixation failure, and soft tissue complications. Surprisingly, outcome studies are limited, and many
patients experience ongoing pain, functional limitations, and a significant reduction in quality of life due to residual
symptoms.

In Southern Africa, management of open tibial fractures is often limited by shortages of surgical implants and
specialized expertise, particularly for advanced fixation and soft tissue reconstruction. First-world protocols cannot
always be applied, forcing reliance on external fixation, splints, or casting. Improving outcomes would require invest-
ment in training, better access to implants, and stronger referral networks to ensure timely specialist care. Adapting
evidence-based techniques to local resources, rather than attempting to replicate high-income strategies exactly, may be
a possible interim solution to reduce complications and optimize healing.

High-income countries typically have >70 hospital beds per 10,000 population, near-universal ICU access, advanced
diagnostics (such as routine MRI/CT availability), >20 orthopaedic specialists per 100,000 population, and widespread
implant availability (>90% immediate access to specialized orthopaedic hardware such as plates, screws, and joint
prostheses in trauma and elective cases).90’91 In contrast, Southern African nations average <10 beds per 10,000, with
ICU capacity often limited to urban centers and <1 ventilator per 100,000 in rural areas.”*°? Orthopaedic specialists are
scarce at <1 per 100,000 population, and implant availability is severely constrained (<30% access to advanced hardware
in public facilities, with frequent reliance on basic external fixation, recycled implants, or delayed procurement).'? This
contrast underscores the need for low-cost, scalable interventions tailored to resource-constrained settings.
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