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ABSTRACT

Background

Trimalleolar ankle fractures represent complex injuries involving all three malleoli, requiring
appropriate surgical intervention for optimal functional outcomes. This study aimed to evaluate
the functional outcome of fragment-specific surgical fixation of trimalleolar ankle fractures using
a combination of tension band wiring, plating, and screw fixation, and to determine associated
clinical complications.

Methods

This prospective study included 30 patients with trimalleolar ankle fractures treated surgically
between January 2023 and December 2024. Patients aged 18-60 years with closed and open type
1-2 fractures were included. Surgical fixation techniques included tension band wiring, plating,
and screw fixation based on fracture characteristics. Postoperative rehabilitation followed a
structured protocol with progressive weight-bearing and range-of-motion exercises. Patients were
followed up at 6 weeks, 3 months, and 6 months. Functional outcomes were assessed using the
Olerud-Molander Ankle Score (OMAS) and range of motion measurements. Radiological union
and complications were documented.

Results

The majority of patients were aged 31-40 years (43.33%) with a slight male predominance
(53.3%). Most injuries resulted from self-falls (86.67%). For lateral malleolus, plating was
predominantly used (90%), while tension band wiring was preferred for medial malleolus
(73.33%). Posterior malleolus was managed conservatively in 63.33% of cases. Radiological
union was achieved in 76.67% of cases by 12 weeks. By 6 months, 83.33% of patients
demonstrated dorsiflexion of 10-20°, with substantial improvement in all ranges of motion. OMAS
results at 6 months showed excellent outcomes in 20% of patients, good in 50%, and fair in 30%,
with a mean score of 76.00+14.27.
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Conclusion

Fragment-specific surgical fixation of trimalleolar ankle fractures provides satisfactory functional
outcomes when combined with structured rehabilitation. However, residual stiffness and moderate
disability persist in some patients, highlighting the importance of individualized treatment
approaches and careful consideration of patient factors for optimal recovery.

Interpretation

Progressive improvement in ankle function was observed over the follow-up period, with most
patients achieving good to excellent outcomes by 6 months. Surgical site infection (16.7%) was
the most common complication, followed by venous thromboembolism, non-union, and arthritis
(6.7% each).

Keywords: Trimalleolar Fracture, Ankle Fracture, Tension Band Wiring, Internal Fixation,
Olerud-Molander Ankle Score, Posterior Malleolus, Syndesmotic Injury.

INTRODUCTION

The body is supported by the foot and ankle joint. They are well conformed to bear weight and
associated movements. Fracture dislocations are common in ankles and are mostly caused by
twisting injuries which needs surgical fixation. The annual incidence of ankle fracture is between
107 and 187 per 100,000 persons, and around 2% of ankle fractures are open fractures.!! Surgical
treatment of trimalleolar fractures involves anatomical reduction and stable fixation of all fracture
fragments, with restoration of the normal joint surface and alignment. This is usually achieved
through a combination of internal fixation with screws and plates, and external fixation in certain
cases. The choice of surgical approach, implant selection, and fixation technique depends on the
type and pattern of the fracture, as well as the patient's age, activity level, and comorbidities.

As a weight bearing joint, the ankle is exposed to forces that transiently exceed 1.25 times
body weight with a normal gait and they may exceed 5.5 times body weight with vigorous
activities.!?

Postoperative rehabilitation typically involves non-weight bearing and immobilization for
a period of 6-8 weeks, followed by gradual weight-bearing and range-of-motion exercises under
the supervision of a physical therapist to improve the functional outcomes of the fixation such as
daily life activities, sporting and reduced pain.

According to the Arbeit gemeinschaft fiir Osteosynthesefragen (AO), a posterior fragment
comprising more than 25% of the intra-articular surface needs to be fixed, as do fragments larger
than 10% that remain persistently unstable after fixation of the lateral and medial malleolus.!

Surgical fixation is often necessary to achieve stable and functional restoration of the ankle
joint, especially in younger patients or those with displaced or unstable fractures. Early recognition
and treatment of trimalleolar fractures can prevent long-term complications such us disability,
deformity, joint stiffness, nonunion, malunion and delayed union.

OBJECTIVES

1. To assess the functional outcome of fragment specific surgical fixation of trimalleolar ankle
fractures by a combination of tension band wiring,plating and screw fixation.

2. To describe the clinical complications for trimalleolar ankle fractures treated surgically.
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MATERIALS AND METHODS
This prospective study included 30 patients with trimalleolar ankle fractures treated surgically
between January 2023 and December 2024.

Inclusion Criteria

o Patient with age between 18-60 yrs, of both Males and Females.
Closed Trimalleolar fractures.

Open type 1 and 2 Trimalleolar fractures.

Concomitant fractures of other bones.

Exclusion Criteria

e Epiphyseal injuries around ankle.
e Neurovascular compromise

e Age more than 60 years

On admission of the patient, a careful history was elicited from the patient and/or attendants
to reveal the mechanism of injury and the severity of trauma. The patients were then assessed
clinically to evaluate their general condition and the local injury.

In general condition of the patient the vital signs were recorded. Methodical examination
was done to rule out fractures at other sites. Local examination of injured ankle revealed swelling,
deformity and loss of function. Any nerve injury was looked for and noted.

Palpation revealed abnormal mobility, crepitus over ankle. Distal vascularity was assessed
by Dorsalis pedis artery and posterior tibial artery pulsations, capillary filling, pallor and
paraesthesia at finger tips.

Radiographs of the ankle i.e., anteroposterior, mortise and lateral views, were obtained, CT
scan is taken if indicated as in syndesmotic injuries or intraarticular extension of fractures. The
limb was then immobilized in below knee Plaster of Paris slab.

The patient was taken for surgery after routine investigations and after obtaining fitness
towards surgery. The investigations are as follows: Hb%, Urine for sugar, FBS, Blood urea, Serum
creatinine, HIV, HBSAg and ECG.

Medial malleolus was approached by medial straight incision, Lateral malleolus
approached by direct lateral / posterolateral approach and posterior malleolus is approached by
posteromedial / posterolateral approach. Each fragment is fixed according to the fracture type and
severity and method of fixation is choosed by the surgeon.

RESULTS
Demographic Data
Category \ Parameter ’ No. Of Cases ] Percentage (%)
Age Distribution (Years)
21-30 6 20.0
31-40 13 43.3
41-50 2 6.7
Age Groups 51-60 3 10.0

61-70 5 16.7
71-80 1 3.3
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Gender Distribution
Male 16 53.3
Gender Female 14 46.7
Mode Of Injury
Iniury Mechanism Self-Fall 26 86.7
Jury Road Traffic Accident 4 13.3
Fracture Side Involvement
. Left 17 56.7
Side Affected Right 3 133
Table 1: Tabular Representation Showing Demographic Data
i | ' . ]
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Graph 1: Bar Chart Illustrating Demographic Data
Complications Number of Patients
Venous thromboembolic events 2
Surgical site infection 5
Non-union 2
Sudecks Osteodystrophy 0
Arthritis 2
Persistant instability 1
Table 2: Patients with complications
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Postoperative Complications in Tnmalleolar Ankle Fracture Patients

Number of Patients

w®
Graph 2: Patients with associated complications
Management ILateral Malleolii Medial Malleoli Posterior Malleoli
Plating 27 3 5
TBW 0 22 0
CC Screw 3 5 6
Conservatively Managed 0 0 19
Table 3: Management of different types of malleolus
Companson of Management Techniques for Malleoll Fractures
S ot e
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Management Type <
Graph 3: Management of different type of malleolus
Time Range Categories Standard
ROM Type Interval Category 1 Category 2 Category 3 | Deviation
Dorsiflexion <10° 10-20° -
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6 weeks 24 (80.0%) 6 (20.0%) - 4.87
3 months 18 (60.0%) 12 (40.0%) - 4.96
6 months 5 (16.7%) 25 (83.3%) - 5.15
20-30° 30-40° 40-50°

. 6 weeks 16 (53.3%) 14 (46.7%) 0 (0.0%) 4.99
Plantar Flexion =7 ths | 10(33.3%) | 15 (50.0%) | 5 (16.7%) 7.66
6 months 5(16.7%) 15 (50.0%) 10 (33.3%) 8.16

0-10° 10-20° -
Inversion 6 weeks 16 (53.3%) 14 (46.7%) - 5.28
3 months 10 (33.3%) 20 (66.7%) - 4.61
6 months 5 (16.7%) 25 (83.3%) - 4.09

0-10° 10-20° -
Eversion 6 weeks 18 (60.0%) 12 (40.0%) - 4.90
3 months 12 (40.0%) 18 (60.0%) - 4.90
6 months 7 (23.3%) 23 (76.7%) - 4.23

Table 4 - Range OF Motion (ROM) Analysis - Post-Operative Follow-up Assessment at 6 Weeks,
3 Months, and 6 Months (N=30)

NUMBER OF PATIENT

2O O rrita

Graph 4: Range of Movements - ROM Improvement Over Time

Time interval | Excellent |Good (75- | Fair (60- | Poor Mean + sd P value
post-surgery (>90) 89) 74) (<60)
6 weeks 0 0 10 20 43.33+£14.48 |4.99x107'°
3 months 0 7 17 6 61.67£16.51
6 months 6 15 9 0 76.00+£14.27
Table 5: Olerud Molander ankle score (OMAS) Post-surgery
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Outcome Distribution Over Time
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Graph 5: QMAS score progression

DISCUSSION

The present study demonstrates a younger patient population with a peak age group of 31-40 years
(43.3%) and mean age of 36 years, which is notably lower compared to other studies where mean
ages ranged from 47.8 to 57.2 years. The gender distribution was relatively balanced (53.3% male,
46.7% female), though this varies across studies with some showing female predominance. Self-
fall was the predominant mechanism of injury (86.7%), consistent with Chen et al.'s findings
(79.5%), while road traffic accidents accounted for only 13.3% of cases. The left-to-right side ratio
(56.7%:43.3%) aligns with the general trend observed across all comparative studies, suggesting
no significant laterality preference in ankle fractures.[*>¢78]

Lateral malleolus plating was the predominant surgical approach across all studies, with
the present study showing 90% usage, consistent with other studies (85.2-92.3%). For medial
malleolus fixation, the present study uniquely favored tension band wiring (TBW) at 73.3%,
contrasting sharply with other studies that predominantly used cannulated screws (42.8-71.2%).
This variation may reflect surgeon preference or specific fracture patterns encountered. Posterior
malleolus management showed conservative treatment preference in the present study (63.3%),
though Chen et al. demonstrated higher surgical fixation rates (57.2%). The surgical strategies
reflect evolving trends in ankle fracture management with emphasis on anatomical reduction and
stable fixation.*>674]

The present study reported a higher surgical site infection rate (16.7%) compared to other
studies (8.2-11.7%), which may be attributed to patient factors, surgical technique, or
postoperative care protocols. Venous thromboembolism (VTE) rates were comparable across
studies (3.4-6.7%), with the present study at 6.7%. Non-union rates remained relatively low and
consistent (3.2-6.7% range), indicating successful fracture healing across different management
approaches. Arthritis development showed similar patterns across studies (6.3-11.3%), with the
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present study at 6.7%. Persistent instability rates were lowest in the present study (3.3%) compared
to others (4.3-6.2%), suggesting effective surgical stabilization techniques.!*>¢78!

Dorsiflexion recovery was excellent across all studies, with the present study achieving
83.3% of patients reaching 10-20° range, comparable to other studies (80-85%). Plantar flexion
showed more variable outcomes, with the present study achieving 50% success rate for 30-40°
range, which was moderate compared to other studies (45-55%). Inversion movement recovery
was consistent across studies, with the present study achieving 83.3% success rate, aligning well
with comparative studies (78-88%). Eversion showed the present study at 76.7%, which was
within the expected range (72-82%) observed in other studies. Overall, the range of motion
outcomes demonstrate satisfactory functional recovery across all movement planes.*>-6.7:8]

The OMAS progression in the present study demonstrates expected improvement
trajectory from poor initial scores to good functional outcomes. At 6 weeks, 66.7% of patients had
poor scores (<60) with a mean of 43.33+14.48, reflecting early postoperative limitations.
Significant improvement occurred by 3 months, with 23.3% achieving good scores and mean
increasing to 61.67+16.51. By 6 months, 70% of patients achieved good to excellent outcomes
(20% excellent, 50% good) with no patients remaining in the poor category, and mean score
reaching 76.00+14.27. This progression pattern indicates successful surgical intervention and
rehabilitation, with most patients achieving functional independence by 6 months post-
surgery.[+>-6.7:8]

The 6-month OMAS outcomes show the present study achieving comparable results to
other studies, with 70% of patients reaching good-to-excellent outcomes and a mean score of
76.00+14.27. Mehta et al. demonstrated the best outcomes with 77% excellent-to-good results and
highest mean score (81.3+10.5), while Kumar et al. showed slightly lower performance with 61%
good-to-excellent outcomes and mean score of 74.2+15.1. The present study's 20% excellent
outcome rate was moderate compared to others (16-25%), but the absence of poor outcomes (0%)
was notable, achieved only by the present study. These results suggest that while there are
variations in surgical techniques and patient populations across studies, the overall functional
outcomes remain consistently good, with most patients achieving satisfactory ankle function by 6
months post-surgery!*>67:8]

Key Findings & Statistical Significance

1> =54.84, p = 4.99 x 107'° (highly significant improvement over time)
70% good-excellent outcomes at 6 months with 0% poor outcomes
Mean OMAS improvement: 43.33 — 76.00 (75% increase over 6 months)

Study Limitations

1. Sample Size: n=30 (adequate but limited generalizability)

2. Single-center study (reduced external validity)

3. No control group (limits comparative analysis)

4. 6-month follow-up (longer-term outcomes unknown)

5. Subjective outcome measures (patient-reported OMAS scores)
6. Surgical technique variability not fully standardized

CONCLUSION

This study demonstrates that surgical management of trimalleolar ankle fractures, coupled with
structured rehabilitation, leads to progressive functional improvement over six months. However,
despite significant gains in range of motion and OMAS scores, residual stiffness and moderate
disability persist in a subset of patients. The study underscores the importance of early
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mobilization, patient adherence to physiotherapy, and individualized rehabilitation strategies to
optimize clinical outcomes. Furthermore, it highlights the need for careful consideration of patient
comorbidities and potential postoperative complications, as these factors can significantly impact
recovery. Future research should focus on larger, prospective studies with longer follow-up periods
to refine rehabilitation protocols and identify predictors of long-term functional outcomes.

SUMMARY

This single-center study of 30 patients with trimalleolar ankle fractures demonstrated significant
functional improvement following surgical management over a 6-month period. The most affected
group was aged 31-40 years, with a near-equal gender distribution. Most injuries were caused by
self-falls. Lateral malleolus was primarily managed with plating, medial with tension band wiring,
and posterior malleolus conservatively. Surgical site infection was the most common complication
(16.7%). There was marked improvement in range of motion and Olerud-Molander Ankle Scores
(OMAS) from a mean of 43.33 at 6 weeks to 76.00 at 6 months. No poor outcomes were seen at
final follow-up. Despite these gains, moderate residual disability was noted in some patients. The
study emphasizes the value of early mobilization and structured physiotherapy, while also
acknowledging limitations like small sample size, single-center scope, and lack of long-term
follow-up
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We are pleased to submit our original research manuscript titled “: Functional outcome of fragment
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sciences Mandya.” for your kind consideration for publication in your esteemed journal. This
retrospective study, conducted at the Mandya Institute of Medical Sciences over a 12-month
period, assess the functional outcome of fragment specific surgical fixation of trimalleolar ankle
fractures by a combination of tension band wiring, plating and screw fixation. Our findings
demonstrate that surgical management of trimalleolar ankle fractures, coupled with structured
rehabilitation, leads to progressive functional improvement over six months. The study
underscores the importance of early mobilization, patient adherence to physiotherapy, and
individualized rehabilitation strategies to optimize clinical outcomes. We affirm that the
manuscript is original, has not been published or submitted elsewhere, and has been approved by
all authors. Ethical clearance was obtained from our Institutional Ethics Committee, and informed
consent was taken from all patients. We declare that there are no conflicts of interest and no
external funding was received. We respectfully submit the manuscript for your review and look
forward to the opportunity to contribute to your journal.

Sincerely,

Dr. Mahendra Kumar K. L.

Dr. Rafeul shah salam
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