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INTRODUCTION 

         Ankle fractures are the second most 

common lower limb injury, with an annual incidence 
of around 187 cases per 100,000 population1. They 

occur most frequently in adults of working age, though 

the incidence is rising among elderly women2. Several 

classification systems exist for ankle fractures, with 
the Lauge-Hansen (LH) system being among the most 

widely used and accepted in clinical practice. This 

system classifies injuries based on the mechanism of 
trauma and the anatomic sequence of structural 

involvement—supination injuries typically progress 

from lateral to medial, whereas pronation injuries 

progress from medial to lateral3. 

 

Stable, low-severity ankle fractures can be treated 

conservatively with splint or cast immobilization, while 
unstable or more severe fractures generally require 

surgical intervention. The standard surgical approach is 

open reduction and internal fixation (ORIF), which has 

been shown to achieve good clinical results, including in 

geriatric patients4-7. 

In cases of open fractures, high-velocity open 

injuries, and polytrauma, immediate external fixation is 
often employed to enhance fracture stability, minimize 

further soft tissue and bone damage, and facilitate soft  
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ABSTRACT 

Background:Ankle fractures are the second most common lower limb injury and remain a challenge for healthcare 

professionals due to minimal soft tissue coverage and the high potential for significant swelling. This swelling can 

compromise terminal vasculature in the superficial layers, reducing the tissue’s reparative capacity. In closed ankle 

fractures, determining the appropriate timing of surgery for displaced fractures is crucial. Operating too soon increases 

the risk of wound healing complications, whereas delaying too long may hinder optimal anatomical reduction. Current 

recommendations, such as the AO/ASIF guidelines, suggest surgery within 6–8 hours of injury or delaying for 4–6 

days in cases with significant edema or fracture blisters. However, these guidelines are largely based on expert 

opinion, and there is no definitive consensus on the optimal timing.                                                                                                                              

Objectives:To evaluate the optimal timing of surgery for closed ankle fractures and its impact on postoperative 

outcomes, including wound healing, systemic complications, and long-term ankle function.                             

Results:Existing literature indicates that both early and delayed surgeries carry risks. Early intervention may increase 

wound-related complications, while excessive delay may impair anatomical reduction and functional outcomes. No 

universally accepted cut-off point between early and delayed surgery has been established, and most evidence is based 

on small-scale or observational studies.                                                                                                            

Conclusion:Determining the ideal timing for surgical intervention in closed ankle fractures is critical for minimizing 

complications and optimizing outcomes. High-quality, large-scale studies are needed to establish evidence-based 

guidelines that clearly define the threshold between early and delayed surgery. 
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tissue assessment prior to definitive internal 

fixation8.In contrast, there is no established protocol 

for the optimal timing of internal fixation in closed 

ankle fractures. Following trauma, significant 
swelling of the surrounding soft tissue can 

compromise terminal vasculature in superficial layers, 

thereby reducing the tissue’s reparative capacity. This 
post-traumatic oedema may necessitate delaying 

surgical intervention to allow for soft tissue recovery. 

However, excessive delay may lead to prolonged 

hospitalization, loss of initial fracture reduction, 
formation of obstructive bony callus, or soft tissue 

contracture 9,10. The decision on surgical timing is 

currently left to the surgeon’s judgment, highlighting 
the need for a clearer understanding of how timing 

influences patient outcomes11. 

Timing of Surgery in Closed Ankle Fracture                         
The timing of surgery for closed ankle fractures 

remains a subject of debate in many trauma units. 

Currently, there is no conclusive, evidence-based 

recommendation regarding the optimal timing of 
surgery for closed ankle fractures, and the decision 

must therefore be made on a case-by-case basis12. 

Conventional teaching suggests adopting either an 
early or a delayed approach to avoid excessive 

swelling and subsequent soft tissue complications13. 

Although no large-scale studies have established 
definitive guidelines, many surgeons follow the 

AO/ASIF recommendations, performing immediate 

surgery within 6–8 hours or delaying intervention for 

a minimum of 5–7 days with temporary plaster cast 
immobilization14. A recent guideline issued by the 

United Kingdom’s National Institute for Health and 

Care Excellence (NICE) aimed to determine the 
optimal timing for planned surgical intervention in 

ankle fractures15.                                                                                      

Surgery performed too soon after the injury may 

heighten the risk of wound-healing complications due 
to pronounced swelling, whereas delaying surgery for 

too long can make achieving accurate anatomical 

reduction more challenging16. Nine cohort studies 
comparing surgery within 24–48 hours to later 

intervention indicated that early surgery may shorten 

inpatient stays and reduce rates of wound infection and 
venous thromboembolism. Despite the very low 

quality of evidence, the guideline development group 

advised performing ankle fracture surgery ideally on 

the day of injury, and no later than the following day, 
to limit short-term complications17. Nevertheless, the 

literature remains inconsistent, with some studies 

associating surgical delay with higher rates of 
postoperative soft tissue complications—such as 

wound edge necrosis, blistering, and infection—while 

others report no significant difference between early  

 

and delayed interventions 17-21.  

Complication 

Complications associated with both nonoperative 

and operative approaches are key factors in treatment 
decisions. For certain fracture types, such as stable un-

displaced  injuries, nonoperative management is often the 

most suitable option, as surgical intervention in these 
cases may subject patients to unnecessary risks and is 

considered overtreatment 22-24. 

Complications of nonoperative management 

Nonoperative management carries potential 
complications, including malunion, nonunion, pain, 

functional loss, muscle atrophy, cartilage degeneration, 

joint stiffness or swelling, deep vein thrombosis (DVT), 
and pulmonary embolism (PE). Follow-up durations in 

the studies reviewed ranged from 20 weeks to an average 

of 7 years25. Secondary displacement—often 
necessitating surgery—may occur after swelling subsides 

or in cases with inherently unstable fracture patterns, as 

reported in 4 of 38 patients in one study26. 

Complications of operative management 

Operative treatment of closed ankle fracture also 

carries some potential complication. Other reported 

complications include inadequate primary osteosynthesis, 
soft tissue necrosis, infection, osteitis, deep vein 

thrombosis (DVT), delayed or non-union, secondary 

displacement, refracture, stiffness, muscle atrophy, 
tendon insufficiency, sensory deficits, tarsal tunnel 

syndrome, and complex regional pain syndrome type 27,28. 

The primary outcome measures for assessing the success 

of operative treatment should include pain, ankle 
functional outcomes, and the occurrence of major adverse 

events, the latter defined as complications requiring 

secondary intervention29. Preventive strategies include 
administering prophylactic antibiotics at anesthesia 

induction, achieving anatomical reduction with stable 

fixation, preserving soft tissue integrity by minimizing 

periosteal stripping, assessing VTE risk with appropriate 
management, and initiating early ankle mobilization. 

Successful anatomical reduction of ankle fractures 

requires thorough understanding of normal anatomy, with 
emphasis on maintaining fibular length, alignment, and 

rotation, as well as restoring the syndesmosis. 

Intraoperative radiographs should be critically evaluated 
for fibular length using the tibiofibular line (a line drawn 

from the distal fibular tubercle toward the tibia should 

intersect the tibial plafond on a mortise view) and the 

circle sign (an unbroken circle formed between the lateral 
recess of the fibula and the lateral process of the talus on 

the mortise view)30,31. 
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  Wound Complication and Infection 

Early complications of closed ankle fractures 

are often related to the surrounding soft tissue 

envelope due to anatomical factors, as both malleoli 
are covered only by subcutaneous tissue. Wound 

complications following open reduction and internal 

fixation (ORIF) of ankle fractures have been reported 
in 1.4% to 18.8% of cases 32. In fracture-dislocation 

cases, significant wound complications may develop 

even before any intervention. Prompt reduction of the 

dislocation in the emergency department can reduce 
the risk of further damage; therefore, it is 

recommended to perform reduction even before 

obtaining an initial radiograph. Soft tissue care during 
manipulation and reduction in the emergency 

department is equally important. If there are concerns 

in either regard, early orthopedic involvement is 
advised. When definitive management must be 

delayed due to excessive swelling, the fracture 

position should be closely monitored both clinically 

and radiographically31. 

Blister formation is believed to result from 

increased interstitial pressure due to post-traumatic 

edema, which reduces cohesion between epidermal 
cells and facilitates fluid accumulation within a blister 

cavity. This process is considered a cleavage injury 

occurring at the dermo-epidermal junction. 
Anatomical regions such as the ankle, where the skin 

is tightly adherent and lacks substantial muscle 

coverage, are particularly susceptible. The reported 

incidence of fracture blisters in ankle fractures is 
6.6%. These blisters have important implications for 

both nonoperative and operative management. 

Although there is no universally accepted guideline for 
managing closed ankle fractures in the presence of 

blisters, Uebbing et al. recommended leaving the 

blisters intact and allowing them to heal before 

proceeding with surgical intervention33. 

         

Figure 1. The presence of blisters in a closed ankle 

fracture indicates poor soft tissue condition, which 

increases the risk of wound-related and infectious 

complications 

  
 

Infection is a recognized complication of operative 

management in ankle fractures, with reported deep 

infection rates ranging from 1% to 8% 34-36. Prevention 

remains a key consideration, and antibiotic prophylaxis 

should follow the local policy of the hospital and region. 

Infections in operated closed ankle fractures, particularly 

in compromised hosts such a diabetes patient or 

alcoholism, can be limb-threatening37-38. In cases where 

infection develops in the presence of metalwork, surgical 

debridement and microbiological cultures are 

recommended. If the implant remains stable and the 

fracture is unhealed (presentation within 10 weeks of the 

index surgery), the metalwork is typically retained, and 

culture-specific antibiotic suppression is initiated. Final 

debridement and implant removal are performed once 

fracture union is achieved35. 

Systemic Complication 

Systemic complications following surgery can be 

devastating, with venous thromboembolism (VTE)—

manifesting as pulmonary embolism (PE) or deep vein 

thrombosis (DVT)—representing a potentially life-

threatening event. In patients with leg injuries 

immobilized in a plaster cast or brace for at least one week 

without prophylaxis, the incidence of VTE has been 

reported to range from 4.3% to 40% 39. Although the 

exact incidence in ankle fractures is unclear, trauma 

database analyses have estimated rates of 0.28% for DVT 

and 0.21% for PE, respectively40. In contrast, Naumann et 

al. reported higher rates, with DVT occurring in 1.59% 

and PE in 0.88% of patients following closed ankle 

fracture surgery41. Established risk factors include a prior 

history of DVT, prolonged immobilization, non–weight-

bearing status, body mass index >30 kg/m², pregnancy, 

use of oral contraceptives, age >60 years, active 

malignancy, recent hospital admission, and above-knee 

plaster application42,41. 

Late Complication 

Post-traumatic osteoarthritis (PTOA) is a major 

late complication of ankle fractures, whether treated 

conservatively or surgically. Its incidence has been 

reported to be as high as 70%, with rotational ankle 

fractures being the most common cause43. PTOA typically 

develops when normal joint anatomy is not restored, most 

often due to malunion or nonunion, and is the leading 

indication for ankle arthrodesis. In cases of significant 

displacement, anatomical reduction-more reliably  
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achieved through surgical intervention-plays a crucial 

role in reducing the long-term risk of PTOA43. 

A key factor contributing to PTOA is valgus 

deformity with fibular shortening, typically resulting 

from fibular malunion44. The average latency from 

injury to end-stage ankle osteoarthritis has been 

estimated at 20.9 years43. Ligamentous injury is 

another important predisposing factor, with athletes 

sustaining lateral ankle sprains being particularly 

susceptible. Given the high incidence of ankle fracture 

in younger patients, the need for ankle arthrodesis in 

middle age is a realistic outcome of PTOA. The 

pathway to arthrodesis is often marked by chronic pain 

and functional impairment, both of which significantly 

impact quality of life and overall morbidity45. 

 

Figure 2. X-ray showing an ankle fracture-dislocation 

with a tri malleolar fracture. Delayed surgery can 

make anatomical reduction more difficult due to joint 

stiffness. Achieving accurate reduction is crucial, as 

inadequate alignment greatly increases the risk of 

post-traumatic osteoarthritis (PTOA) and can 

significantly impair ankle function. 

In ankle fractures, syndesmotic disruption 

may occur and, if left untreated, can lead to persistent 

instability. When present, syndesmotic disruption is 

typically managed with fixation using one or more 

screws or a Tightrope device. Whether syndesmotic 

screws should be routinely removed remains a subject 

of debate, as leaving them in place for an extended 

period may contribute to joint stiffness31. 

Comorbidities 

Perioperative comorbidities that can increase 

the risk of complications in surgical treatment of 

closed ankle fractures can be divided into two main 

categories: patient-related (host) factors and fracture-

related factors. 

 

 Host factors include medical conditions such as 

diabetes mellitus (DM), peripheral vascular 

disease (PVD), HIV/AIDS, inflammatory 

diseases, obesity, history of cigarette smoking, 

use of corticosteroids or other medications that 

impair wound healing, and prior surgery 

involving the injured ankle46. 

 Fracture and injury-related factors include the 

mechanism of injury, time from injury to surgery, 

fracture type (unimalleolar, bimalleolar, 

trimalleolar), presence of ankle dislocation or 

syndesmotic injury, and whether the injury is part 

of a polytrauma 32. 

Diabetes mellitus is a well-recognized risk factor 

for infection, with reported infection rates after ORIF of 

ankle fractures reaching as high as 60% in diabetic 

patients35. Untreated infections in this group can lead to 

amputation in up to 42% of cases and mortality in 11%. 

The most common causative organism is Staphylococcus 

aureus (65%). Managing ankle fractures in diabetic 

patients is particularly challenging due to these high 

complication rates35. 

Two important predictors of poor outcome in 

diabetics are peripheral neuropathy and absent pedal 

pulses preoperatively. Neuroarthropathy is a significant 

risk factor for a broad range of complications47. In 

addition to acute postoperative issues, diabetics are at risk 

for delayed complications such as loss of fracture 

reduction, implant failure, nonunion, post-traumatic 

arthrosis, and Charcot arthropathy48. 

Length of Stay 

The timing of surgery in closed ankle fractures 

can influence the total length of hospital stay (LOS) and 

overall inpatient costs, which may place a financial 

burden on healthcare systems. Several studies have shown 

that delaying surgery is associated with an increase in 

both total LOS and postoperative LOS. 49-50. However, 

some studies show that it may affect total LOS, but not 

affecting postoperative LOS12,51. 

Post Operative Ankle Function 

Postoperative ankle function can be assessed 

through the evaluation of dorsiflexion and plantarflexion, 

as well as by using validated functional scoring systems, 

both subjective and objective, such as the Olerud– 
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Molander Ankle Score (OMAS), Lower Extremity 

Functional Scale (LEFS), Self-Reported Foot and 

Ankle Score (SEFAS), or the American Orthopaedic 

Foot & Ankle Society (AOFAS) score 12,52,53. Studies 

have shown that among these functional scoring 

systems, the SEFAS is specifically designed for a 

range of foot disorders, including ankle fractures, and 

demonstrates the best measurement properties54. 

DISCUSSION                                                                                         

The optimal timing of surgery for closed ankle 

fractures remains a matter of debate. Conventional 
teaching, including AO/ASIF guidelines, recommends 

either performing surgery within 6–8 hours of injury 

or delaying intervention for 4–6 days in the presence 

of significant edema or fracture blisters14. Determining 
the optimal timing for surgery in closed ankle fractures 

is crucial, as it can influence the risk of complications. 

These may include early complications, such as 
wound problems and infections; systemic 

complications, which can be life-threatening; and late 

complications, which may impair long-term ankle 
function. While some studies have shown that surgical 

timing affects the length of hospital stay, others have 

found no significant association 12,49-51. 

It is important to establish a clear cut-off between early 
and delayed surgery for closed ankle fractures. 

According to the AO, two studies have evaluated 

outcomes in patients operated on before and after 8 

hours from injury.  

 

One study reported a higher rate of wound complications 

and infections in the early  surgery group (< 8 hours: 

26.3% vs > 8 hours: 19.8%)12. In contrast, another study 

found the opposite trend, with lower complication rates 
when surgery was performed early (< 8 hours: 3.8% vs > 

8 hours: 11.9%)21. 

When using a cut-off of 4–6 days, eight studies 
are available for analysis. Two of these studies used a cut-

off at 4 days. One study reported a higher complication 

rate in the delayed surgery group (< 4 days: 17.9% vs > 4 

days: 39.5%) [55], whereas the other study showed the 

opposite trend (< 4 days: 12.8% vs > 4 days: 5.7%)11. 

For a 5-day cut-off, three studies are available. 

All three demonstrated that early surgery (before 5 days) 
was associated with a lower complication rate. The first 

study reported complication rates of < 5 days: 6.7% vs > 

5 days: 11.3%18. The second study showed < 5 days: 
15.3% vs > 5 days: 30%56, and the third reported < 5 days: 

12% vs > 5 days: 32%57. 

For a 6-day cut-off, three studies were identified. One 

study found no significant difference in total complication 
rates between early and delayed surgery (< 6 days: 22% 

vs > 6 days: 21.19%)12. However, two other studies 

showed a clear benefit for early surgery, with 
complication rates of < 6 days: 3.6% vs > 6 days: 20.7%, 

and < 6 days: 2% vs > 6 days: 13.1%, respectively 10, 21. 

 
 

 

 

Table 1. Summary of timing of surgery in complication rate based on AO/ASIF model 

Cut-off 

Time 

 No of 

Study 
Study Findings Trend 

8 hours 

 

2 

Naumann 2017: < 8 h: 26.3% vs > 8 h: 19.8% (higher complication in 
early group) 

Saithna 2009: < 8 h: 3.8% vs > 8 h: 11.9% (lower complication in early 

group) 

Mixed 

4 days 
 
2 

Carragee 1991: < 4 d: 17.9% vs > 4 d: 39.5% (early better) 

Hawkins 2023: < 4 d: 12.8% vs > 4 d: 5.7% (late better) 
Mixed 

5 days 

 

3 

Konrath 1995: < 5 d: 6.7% vs > 5 d: 11.3%  

Breederveld 1988: < 5 d: 15.3% vs > 5 d: 30%  
Gupta 2018: < 5 d: 12% vs > 5 d: 32% 

All early better 

6 days 

 

3 

Naumann 2017: < 6 d: 22% vs > 6 d: 21.19% (no difference) 

Saithna 2009: < 6 d: 3.6% vs > 6 d: 20.7% (early better)  

Schepers 2013: < 6 d: 2% vs > 6 d: 13.1% (early better) 

Mostly early 

better 
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CONCLUSION 

 The optimal timing of surgery for closed ankle 

fractures requires a clearly defined cut-off to 

determine whether early or delayed intervention yields 

better outcomes. Current evidence, including studies 

utilizing the AO classification cut-offs, remains 

limited, making it difficult to establish a universally 

accepted threshold. While most studies suggest that 

early surgery is associated with lower complication 

rates, some report contrasting results. A larger body of 

high-quality evidence is therefore needed to determine 

the most appropriate timing. Conducting a systematic 

review and meta-analysis could provide stronger 

evidence to guide clinical decision-making, minimize 

postoperative complications, and improve the 

management approach for closed ankle fractures. 
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