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INTRODUCTION 

Ankle fractures are common orthopaedic injuries that 

significantly impact mobility and function. They range 

from stable fractures managed conservatively to unstable 

fractures requiring surgery. Proper classification and 

treatment are crucial to prevent complications such as 

chronic pain, post-traumatic arthritis, and long-term 

disability. 

The Lauge-Hansen classification, widely used for ankle 

fractures, categorizes injuries based on foot position and 

applied force, helping predict soft tissue damage and 

ligamentous involvement. It divides fractures into SER, 

PER, SA, and PA types, guiding treatment decisions and 

improving outcomes.1 

Surgical management is preferred for unstable or displaced 

fractures, aiming to restore alignment, stability, and 
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function while reducing arthritis risk. Open reduction and 

internal fixation (ORIF), using screws and plates, is the 

standard approach. Surgery selection depends on fracture 

pattern, patient age, activity level, and comorbidities. 

Studies show that surgical intervention leads to better pain 

relief, mobility, and the recovery than conservative 

treatment. 

Complications include malunion, nonunion, infection, 

instability, and post-traumatic arthritis, particularly in 

patients with poor bone quality, diabetes, or inadequate 

rehabilitation. Even minor misalignment can alter 

biomechanics and accelerate joint degeneration. Weight-

bearing post-surgery is carefully planned to prevent 

fixation failure, with early mobilization encouraged to 

reduce stiffness and muscle loss. Rehabilitation focuses on 

restoring range of motion, strength, and balance for 

optimal recovery.2 

The Lauge-Hansen system helps predict high-risk 

fractures, such as SER injuries, which have a greater risk 

of syndesmotic damage and complications. Newer 

imaging techniques like weight-bearing CT and MRI 

improve assessment and surgical planning. Advancements 

in minimally invasive surgery and bio absorbable implants 

may further enhance outcomes.3 

Pain relief is a key success measure, with ORIF proving 

more effective than conservative treatment, particularly 

for displaced fractures. However, residual pain can arise 

from soft tissue injury, implant irritation, or arthritis, 

sometimes requiring implant removal or joint injections. 

Return to normal activities is another success indicator, 

with most patients regaining pre-injury function within 3-

12 months, though recovery time varies based on fracture 

severity and rehabilitation compliance.4 

Patient-reported outcomes provide insight into satisfaction 

and quality of life improvements. Ankle fractures can be 

emotionally distressing, especially for those dependent on 

mobility for work or sports.  

Psychological support in rehabilitation programs may 

improve overall well-being and recovery.5 

Surgical management of ankle fractures, particularly using 

the Lauge-Hansen classification, is crucial for restoring 

joint function and minimizing complications.  

Future research on optimized surgical techniques, 

rehabilitation strategies, and innovative treatments will 

continue to improve outcomes, offering better patient care 

and long-term success.6 

Objective of the study design were to assess the functional 

outcomes of surgically managed ankle fractures classified 

according to the Lauge-Hansen system, and to determine 

the utility of this classification in guiding treatment 

planning and predicting post-operative results. 

METHODS 

Study design 

It was a prospective observational study. 

Patients with fractures of ankle were treated as per Lauge-

Hansen classification in a case series of study between 

February 2023 to October 2024 at SMIMER medical 

collage Surat. The cases were followed for a minimum 

period of 18 months. All patients who had fracture at ankle 

level were selected institutional ethical committee 

approved the study. 

The inclusion criterion included all those ankle fracture 

more than 18 years of age, ankle malleolar fracture, open 

type 1 and 2 fractures according to Gustillo-Anderson 

classification and who consented to participate. The 

operative procedure was performed within 4 to 5 days of 

the injury. 

Inclusion criteria  

Patients with age group: more than 18 years, ankle 

malleolar fracture and open type 1 and 2 fractures 

according to Gustillo-Andersen classification were 

included. 

Exclusion criteria  

Patients with age less than 18 year, pilon fractures, any 

other fracture in ipsilateral limb, open type 3 fracture 

according to Gustillo-Andersen classification and 

medically and anesthetic unfit patient were excluded from 

the study. 

Patient were shifted to operation theatre and anesthesia 

was given. Supine/prone position was given.  Tourniquet 

was applied and painting and drapping was done. 

Appropriate surgical approach was taken. Open reduction 

was done and after achieving desired reduction, fracture 

was fixed with appropriate implants. Final images were 

taken with the help of image intensifier thorough wash was 

taken. Closure was done layer wise. 

Analysis-patients will be assessed by AOFAS scoring 

system 

As soon as the patients were brought to the casualty a 

complete survey was carried out to rule out significant 

injuries. Then the patients' radiographs were taken, 

anteroposterior, lateral and mortise views of the ankle 

joints. CT scan was taken in indicated cases. On admission 

to the ward detailed history was taken relating to the age, 

sex, occupation, address, mode of injury past and 

associated medical illness. Patients general condition was 

assessed and then they were put through a thorough 

clinical examination. In all these patients the following 

clinical signs were looked for. 
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Primary outcome measure 

Assesses functional recovery after surgical fixation, 

quantifies pain, mobility, and ankle stability. 

Dependent variable for statistical analysis 

You can use AOFAS scores to: Compare preoperative vs 

postoperative outcomes, → Paired t-test/Wilcoxon signed-

rank test. Compare outcomes between different Lauge-

Hansen fracture patterns→ANOVA/Kruskal-Wallis test. 

Correlate AOFAS with: Age, time to surgery, type of 

fixation and → Pearson/Spearman correlation. 

Case 1 

A 36/female with history of road traffic accident presented 

with ankle injury with diagnosis of trimalleolar fracture 

left side.  

                                              

Figure 1 (A-D): A-Pre op and B-post op Lauge-

Hansen type-supination external rotation (case 1). 

Case 2 

A 28/female with history of fall from stairs presented with 

ankle injury with diagnosis of trimalleolar fracture left 

side. 

                 

Figure 2 (A-D): A-Pre and B-post op Lauge-Hansen 

type-supination external rotation (case 2). 

Case 3 

A 44/male with H/O RTA presented with ankle injury with 

diagnosis of bimalleolar fracture right side.  

      

Figure 3 (A-D): A-Pre and B-post op Lauge-Hansen 

type-supination external rotation (Case 3). 

A 

A 

A 

C 

C 

C 

B 

D 

B 

D 

B 

D 



Mehta NR et al. Int J Res Orthop. 2026 May;12(3):646-652 

 

                                             International Journal of Research in Orthopaedics | May-June 2026 | Vol 12 | Issue 3    Page 649 

Case 4 

A 58/female with history of road traffic accident presented 

with ankle injury with diagnosis of bimalleolar fracture 

right side 

                                         

Figure 4 (A-D): A-Pre and B-post op Lauge-Hansen 

type-supination external rotation (Case 4). 

Surgical technique 

The Lauge-Hansen classification system is used to 

categorize ankle fractures based on the mechanism of 

injury, particularly the position of the foot (supination or 

pronation) and the direction of the deforming force 

(external rotation, abduction, or adduction). 

Understanding this helps guide surgical treatment 

strategies.1,10-18 

SER-most common type  

Stages (I to IV): 

I: Anterior inferior tibio-fibular ligament injury, II: 

Oblique fibular fracture at syndesmosis level, III: Posterior 

malleolus fracture or posterior ligament rupture and IV: 

Medial malleolus fracture or deltoid ligament rupture 

Surgical technique 

ORIF of the fibula using a plate and screws, assessment 

and fixation of the posterior malleolus if fragment >25% 

or unstable medial malleolus ORIF/deltoid ligament repair 

if needed and syndesmotic screw if instability present. 

SA 

Stages (I to II): I: Transverse fracture of the lateral 

malleolus (below syndesmosis) and II: Vertical medial 

malleolus fracture. 

Surgical technique 

Lateral malleolus ORIF with plate and screw (lag screw or 

tension band if small) and medial malleolus ORIF with 

plate and screw or tension band wiring. 

PER 

Stages (I to IV): I: Deltoid ligament rupture or medial 

malleolus fracture, II: Anterior syndesmosis disruption, 

III: High fibular fracture (Maisonneuve) and IV: Posterior 

malleolus fracture or posterior ligament injury 

Surgical technique 

ORIF with plate and screw for fibular fracture (proximal if 

Maisonneuve) or consideration of conservative if above 

syndesmosis, medial malleolus fixation with tension band 

wiring or deltoid repair, posterior malleolus ORIF with 

plate and screw or screw and syndesmotic fixation when 

required 

PA 

Stages (I to III): I: Medial malleolus fracture or deltoid 

ligament injury, II: Syndesmotic disruption and III: 

Transverse or comminuted fibular fracture above ankle 

joint. 

Surgical technique 

Medial malleolus with tension band wiring, lateral 

malleolus ORIF with plate and screw and syndesmotic 

screw placement if needed. 

General principles of surgery 

Anatomical reduction of the mortise is critical. Fixation 

generally begins with the fibula, followed by medial 

malleolus or posterior fragments. 

Use syndesmotic screws if instability persists after fixation 

Intraoperative stress tests (Cotton or external rotation test) 

guide syndesmotic fixation. 

Study design 

Prospective or retrospective cohort study. Patients selected 

were individuals with the ankle fractures managed 

surgically. 

A 

C 

B 

D 
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Assessment tools 

AOFAS ankle-hind foot score (American orthpaedic foot 

and ankle score). 

Follow-up period 

Follow up period was for every 6 weeks for 6 months. 

RESULTS 

This prospective observational study evaluated the 

functional outcomes of 30 patients with ankle fractures 

classified using the Lauge-Hansen system and managed 

surgically. The cohort included 21 males and 9 females, 

with a mean age of 41.3 years. Right-sided fractures were 

more common (60%). Bimalleolar (56.7%) and 

trimalleolar (43.3%) fractures were the predominant types. 

Most injuries were closed (83.3%), and internal fixation 

techniques varied by fracture configuration, with plate and 

screw fixation most frequently used for lateral malleolus 

fractures (86.7%) and tension band wiring for medial 

malleolus (80%). Surgical intervention was performed 

within 3 days in 60% of cases. Functional outcomes were 

assessed using the AOFAS Ankle-Hindfoot Score at 6 

weeks, 3 months, and 6 months, with scores significantly 

improving from 64.2-88.3 (p<0.001). SER-type fractures 

had the highest functional scores at 6 months (mean=91.2). 

Radiological evaluation showed anatomical reduction in 

90% of patients. Study supports the effectiveness of timely 

surgical management in achieving favorable functional 

and radiological outcomes in ankle fractures. 

Overview of study population 

Age distribution 

Among the 30 patients included in this study, the majority 

were between 31 and 50 years of age (n=16, 53.3%), 

followed by those older than 50 years (n=8, 26.7%) and 

the 18-30 years age group (n=6, 20%). The mean age was 

41.3 years, indicating a relatively younger, active cohort 

susceptible to high-impact injuries. 

Table 1: Age-wise distribution of study subjects. 

Age (in years) N Percentage (%) 

18-30 6 20.0 

31-50 16 53.3 

>50 8 26.7 

Total 30 100 

Sex distribution 

There was a clear male predominance in study population. 

Out of 30 cases, 21 were male (70%), while only 9 (30%) 

females. This finding supports prior epidemiological 

observations that males, especially those in 

occupational/vehicular risk groups, are more frequently 

affected by ankle fractures. 

Table 2: Gender-wise distribution of cases. 

Sex N Percentage (%) 

Male 21 70.0 

Female 9 30.0 

Total 30 100.0 

Laterality of injury 

In terms of side distribution, right ankle fractures were 

more frequent than left, with 18 patients (60%) sustaining 

right-sided injuries. Left-sided fractures were noted in 12 

individuals (40%). Though the cause of this asymmetry is 

unclear, some literature suggests a link to dominant leg use 

and reflexive injury avoidance behaviours. 

Table 3: Distribution according to side of 

involvement. 

Side involved N Percentage (%) 

Right 18 60.0 

Left 12 40.0 

Total 30 100.0 

Mode of injury 

Road traffic accidents (RTAs) were the most common 

mechanism of injury, accounting for 17 cases (56.7%). 

Twisting injuries were second most frequent, responsible 

for 10 cases (33.3%), while 3 fractures (10%) occurred as 

a result of falls. Predominance of RTAs may be reflective 

of urban setting and increased vehicular exposure. 

Table 4: Mode of injury among study participants. 

Mode of injury N Percentage (%) 

RTA 17 56.7 

Twisting Injury 10 33.3 

Fall 3 10.0 

Total 30 100.0 

Lauge-Hansen classification 

Fractures were classified based on Lauge-Hansen 

mechanisms. SER injuries were most prevalent (n=18, 

60%), followed by PER I n=6 patients (20%), SA in 4 

(13.3%), and PA in 2 (6.7%). These results align with 

existing literature citing SER as the most common 

mechanism of ankle injury. 

Table 5: Fracture types based on Lauge-Hansen 

system. 

Type of fracture N Percentage (%) 

SER 18 60.0 

PER 6 20.0 

SAD 4 13.3 

PAB 2 6.7 

Total 30 100.0 
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DISCUSSION 

The present prospective observational study evaluated the 

functional outcomes of surgically managed ankle fractures 

classified according to the Lauge-Hansen system with 

outcome assessment using the American orthopaedic foot 

and ankle society (AOFAS) ankle-Hindfoot score.7-9 The 

findings demonstrate favorable radiological and functional 

outcomes, consistent with previously published literature. 

The mean age of patients in our study was 41.3 years, with 

the majority falling within the 31-50-year age group. This 

distribution reflects the higher incidence of ankle fractures 

among economically active individuals exposed to high-

energy trauma. Epidemiological studies by Daly et al and 

Court-Brown et al similarly reported a predominance of 

ankle fractures in active adult populations, although 

increasing incidence in older age groups has also been 

noted.10,11 

Road traffic accidents constituted the most common 

mechanism of injury (56.7%) in our cohort, followed by 

twisting injuries and falls. High-energy trauma has been 

consistently identified as a major contributor to ankle 

fractures in urban populations.11 

In accordance with existing literature, SER fractures were 

the most prevalent pattern (60%) in our study. Warner et 

al reported SER-IV fractures in 77% of their cohort, while 

Delaney et al also identified SER as the dominant injury 

mechanism.12,13 The predictable biomechanical 

progression described in the Lauge-Hansen classification 

may explain the frequency and comparatively favorable 

outcomes associated with SER injuries.1,2 

Surgical fixation strategies were individualized according 

to fracture morphology and soft tissue status. Plate and 

screw fixation was most commonly employed (66.7%), 

consistent with biomechanical principles of stable 

anatomical reduction. Verhage et al emphasized the 

importance of rigid fixation in achieving improved long-

term functional outcomes.15 Early surgical intervention-

performed within three days in the majority of cases-was 

associated with improved AOFAS scores, supporting the 

observations of Baird and Jackson that early reduction 

minimizes soft tissue compromise and enhances 

recovery.14 

Functional outcomes demonstrated progressive 

improvement, with mean AOFAS scores increasing from 

64.2 at 6 weeks to 88.3 at 6 months. The AOFAS scoring 

system, originally described by Kitaoka et al remains 

widely utilized for evaluating postoperative ankle 

function.9 Comparable studies have reported similar 

outcome ranges, with fracture complexity influencing final 

scores.12,15 In our study, SER fractures achieved superior 

functional outcomes, consistent with prior prognostic 

analyses.13 

Complication rates were low and predominantly minor, 

including superficial wound infections and transient 

stiffness. No cases of deep infection or hardware failure 

were observed. These findings align with reported 

complication rates in contemporary series.15,16 

Radiological union was achieved in all cases at a mean of 

11.2 weeks, consistent with expected healing timelines 

following stable internal fixation.17 

Statistical analysis demonstrated a significant association 

between fixation type and complication rate (p=0.042), 

underscoring the importance of appropriate implant 

selection based on fracture configuration. Weak negative 

correlations between age, hospital stay, and AOFAS score 

suggest that while these variables may influence recovery, 

fracture morphology and mechanical stability remain the 

principal determinants of outcome. 

Collectively, our findings support the continued clinical 

relevance of the Lauge-Hansen classification in guiding 

surgical planning and prognostication.7,8 Early anatomical 

reduction and stable fixation provide favorable functional 

outcomes with minimal complications. Although limited 

by sample size and follow-up duration, the consistency of 

our findings with established literature strengthens their 

validity. Larger randomized controlled trials and meta-

analyses are warranted to further refine treatment 

strategies and long-term outcome prediction in ankle 

fracture management. 

CONCLUSION 

In conclusion, surgical management of ankle fractures, 

when guided by precise fracture classification and 

executed with sound operative principles, yields excellent 

functional and radiological outcomes. The Lauge-Hansen 

classification remains a valuable clinical tool not only for 

fracture description but also for outcome prediction and 

surgical planning. While this study reinforces the role of 

operative intervention in ankle fracture care, it also calls 

for larger, multi centeric studies with longer follow-up to 

further refine treatment strategies, particularly for complex 

and less common fracture subtypes. 
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