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Introduction 

Intraarticular distal tibia fractures constitute 1-
10% of lower extremity fractures (1). They 
generally result from major trauma with axial 
compression (2). Treatment of tibial pilon 
fractures is difficult due to intra-articular 
communion, metaphyseal defect, and soft tissue 
problems. Anatomic reduction of the joint 
surface, maintenance of the alignment and the 
length of the extremity, and allowing an early 
motion are the primary goals of the treatment (3). 

Historically, open reduction and internal fixation 
(ORIF) was the preferred method in the 
management of pilon fractures (4). After high 
rates of soft tissue problems of ORIF, Schatzker 
et al. introduced staged treatment for pilon 
fractures, and they reported a dramatic decrease in 
complications (5). Also, combined treatment was 
suggested with external and internal fixation to 
decrease soft tissue complications (6). 

Various surgical approaches, such as anteromedial, 
anterolateral, extensile, and combined procedures, 
have been identified. After modern low-profile 
anatomic plate designs, minimally invasive plate 
osteosynthesis (MIPO) became more popular in 
the treatment of pilon fractures. MIPO treatment 
provides stable articular fixation with fewer soft 
tissue complications than classic ORIF (7). 
Definitive external fixation is also a useful method 
in pilon fractures (10). It has many advantages 
over ORIF. A circular external fixation device 
allows micromotion in the fracture site, which 
increases bony union, and it is possible to perform 
dynamization to promote union. It was shown 
that the Ilizarov external fixator has superior 
strength over hybrid fixators. Also, it is possible 
to allow weight-bearing earlier (8). Although there 
is a risk of superficial infection, septic nonunion is 
relatively rare after the external fixator application. 
Despite all these advantages, a high rate of 
malunion,   pin   tract    infection,   and   cosmetic  
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Fig.1a. Preoperative X-Ray images of a patient in 
group 1 

 
Fig.1b. Preoperative CT images of the patient 

problems are the common disadvantages of 
external fixators (9, 10).  

The optimal treatment of pilon fractures is not 
clear yet (3). The surgeon's preference, the soft 
tissue status of the patient, and the availability of 
implants are important factors in choosing 
treatment options for pilon fractures. Although 
clinical and radiologic outcomes after comminuted 
pilon fracture treatment with the Ilizarov external 
fixator and ORIF were evaluated (11), there are 
few studies comparing outcomes of Ilizarov 
external fixator and MIPO in pilon fractures (12).  

The present study aimed to compare mid-term 
clinical, functional, and radiological outcomes and 
complication rates of surgically treated pilon 
fractures with the Ilizarov method to those treated 
with MIPO.  

Materials and Methods 

Study Design: This single-center, retrospective 
study was started after institutional review board 
approval (approval date and number:15.9.2017- 

 
Fig.1c. Postoperative 3rd month images of the patient 

 
Fig. 1d. Postoperative 12th month images of the 
patient 

2017/410). The medical records of patients who 
underwent external fixation with Ilizarov and 
MIPO between 2013 and 2018 were evaluated.  

Patient Selection: Inclusion criteria were (1) 
surgically treated pilon fractures and (2) patients 
treated with the Ilizarov or MIPO within a 
minimum of the 12-month follow-up period. 
Patients with the ipsilateral neurovascular deficit, 
Gustillo Andersen type 3B and 3C open fractures 
(13), patients received other treatment than medial 
MIPO or Ilizarov external fixator; concomitant 
rheumatologic diseases may affect ankle joint, 
pathologic fractures, congenital or acquired 
deformity of the ipsilateral lower extremity and a 
previous ankle surgery were excluded from the 
study.  

The study population consists of 50 patients. The 
groups were determined according to fixation 
preference. Group 1, patients received closed or 
limited open   reduction   and    external    fixation  
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Fig. 2. Temporary ankle spanning fixator for Type 1 
open fracture with intact fibula 

(n=25). In Group 2, patients were treated with 
MIPO as a definitive or staged surgery (n=25).  

Surgical Technique: Patients were operated 
under general or regional anesthesia. In Group 1, 
the Ilizarov fixator group (Tasarim Medical, 
Istanbul, Turkey), the diameter of the rings was 
decided according to  concerning patient's calf 
diameter, and the most proximal ring was placed 
parallel to the joint axis to the proximal tibia and 
second proximal ring placed just superior to the 
fracture line. These proximal two rings were fixed 
to the tibia with two 5 mm Schanz screws and a 
single wire. A 5/8 ring connected with the 
calcaneus and the distal ring was kept free to allow 
manipulation. After satisfactory reduction 
obtained with ligamentotaxis and manipulation, 
olive wires were inserted to reduce, compress, and 
fix the articular fragments. Once reduction was 
confirmed with fluoroscopy, additional Schanz 
screws were inserted in the distal ring. Foot ring 
application was performed routinely to avoid 
equinus deformity. The fibula was not fixed in any 
case. In the second group, MIPO was performed 
in two stages so as not to jeopardize the soft 
tissue in Tcherne grade 3 fractures and open 
fractures. In the case of Tcherne grade 1 or 2 soft  

 
Fig. 3. MIPO application via anteromedial approach 

tissue damage, single-stage surgery was performed. 
If concomitant fibula fracture existed, fixation 
performed with distal anatomic or 1/3 tubular 
plate in the first stage and simple ankle spanning 
external fixator (Tubular Circular Rod System, 
Tasarim medical, Istanbul, Turkey) was 
constructed with two Schanz screws to proximal 
tibia respected to future planned incisions and one 
Shanz screw to the calcaneus and medial 
cuneiform (Fig. 2). A three to four cm 
anteromedial or medial approach was used in this 
group. The articular reduction was obtained with 
traction and manipulation through the incision. 
Articular fragments were fixed temporarily with 
Kirschner wires. The appropriate plate length was 
determined according to fracture length, and then 
the plate was placed through the incision (Fig. 3). 
The alignment of metaphysis was corrected with 
closed manipulations and non-locking screws 
applied from proximal and distal fragments. 
Reduction and fixation of anterolateral and 
posterolateral fragments were performed through 
a limited stab wound with cannulated screws when 
needed. MIPO technique was the same between 
single-stage and double-stage surgeries. In the case 
of fibula fracture, in single stage group, a 
posterolateral approach was preferred to avoid 
soft-tissue complications.  

Postoperative Rehabilitation and follow-up: 
All patients received antibiotics for 24 hours and 
anti-thromboembolic prophylaxis for two weeks 
postoperatively. 

For the first group, Pin-site care was made with 
antiseptic chlorhexidine solution daily. Partial 
weight-bearing was allowed postoperatively. The 
foot ring was removed at postoperative 6th week, 
and ankle ROM was initiated under the 
supervision of a physiotherapist. The system was  
removed entirely under sedation  anesthesia  when  
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Fig. 4a. Preoperative images of a patient in group 2 

 
Fig. 4b. Preoperative CT images of the patient 

the clinical and radiological union was completed 
(Fig. 1). 

In the second group, the rehabilitation program 
was the same between single-stage and double-
stage surgeries. For the first two weeks, the ankle 
was immobilized in a short leg cast to avoid soft-
tissue complications. After two weeks, ankle ROM 
was initiated under supervision of a 
physiotherapist. Partial weight-bearing was allower 
after 4th week and full weight-bearing was initiated 
after postoperative 8th week (Fig. 4). 

A monthly follow-up protocol was performed for 
the first three months. Then, patients were seen in 
the outpatient clinic at three-month intervals until 
the postoperative 24th month. 

Outcome Measures: Patient demographics, 
preoperative soft tissue conditions, mechanism of 
trauma, and concomitant injuries were evaluated. 
Soft tissue condition was classified based on the 
Tscherne classification (14). Postoperative 
reduction quality was evaluated according to the 
Ovadia criteria (15). Ovadia criteria consists of 
ankle and subtalar ROM, tibiatalar alignment, 
tibial shortenening, chronic swelling and 
deformity items. The result of each patient was  

 
Fig. 4c. Postoperative images of the patient 
 

 
Fig. 4d. Postoperative 12th-month images of the 
patient 

classified as excellent, good, fair or bad based on 
those questions.   

In the last visit, the American Orthopaedic Foot 
and Ankle Society (AOFAS)-Ankle and Hindfoot 
Score (16), Foot and Ankle Disability Index 
(FADI) (17), and the Visual Analogue Scale (VAS) 
score were obtained to evaluate the clinical and 
functional outcome. Ankle and subtalar joint 
ROM was measured using a universal goniometer 
to evaluate the clinical outcome. Postoperative 
radiographic osteoarthritis was evaluated 
according to Kelgren and Lawrence's OA staging 
system (18). The postoperative 15th-month 
radiologic outcomes were evaluated in Group 1 
for standardization. Also, time to union and acute 
and chronic complications were recorded.  

Statistical Analysis: The data were presented 
with mean, standard deviation (SD), median, 
lowest, and highest, frequency, and ratio. The 
Shapiro-Wilk test was used for the determination 
of the distribution of variables. The Chi-Square 
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test and Fischer exact tests were performed to 
analyze independent qualitative data. Mann 
Whitney-U test was used for the evaluation of 
independent quantitative data. The threshold for 
statistical significance was the P-value less than 
0.05. SPSS v22 (IBM corp., Armonk, NY) was 
used for statistical analysis.  

Results 

The mean age of the study population was 45.5 ± 
14.7 years (range, 18-77). Thirty-five patients were 
male (70%), and 15 female (30%) were female. 
Demographic findings of each group were 
presented and compared in Table 1. Eleven 
patients received single stage, 14 patients received 
two-staged treatment in group 2. 

The comparison of AOFAS, VAS, and FADI 
scores hasis presented in Table 2. There was no 
difference between the ankle and subtalar ROMs 
between the two groups (P>0.05) (Table 3). 

The postoperative reduction quality was similar in 
both groups (P=0.25). During the follow-up 
period, one patient from each group had 
nonunion. The patient from Group 1 was treated 
with fibula osteotomy and compression 
distraction, while the other patient who belonged 
to Group 2 was treated with revision surgery with 
a medial locking plate and autologous bone graft. 
The mean union time was similar in the two 
groups (3.87 ± 0.9 vs. 3.75 ± 0.8 months, 
respectively) (P=0.7).  

At the last follow-up, two patients from each 
group had Kellgren-Lawrence grade 1 
osteoarthritis (p=1). Five patients from the first 
group (four-pin tract infection and one wound 
dehiscence) and two patients from the second 
group (one superficial infection and one wound 
dehiscence) had superficial wound complications. 
Those patients were treated with antibiotics and 
local wound care. The superficial wound 
complication rates were similar between the two 
groups (25 % vs. 10 %, p=0.22). Deep infection 
or osteomyelitis was not observed in any of the 
patients.  

Discussion 

The main finding of the present study was that the 
treatment of Ruedi type 2 or 3 fractures with 
either Ilizarov external fixator and minimally 
invasive plate osteosynthesis have similar clinical, 
functional, and radiologic outcomes with high 
union rates as well as low complication rates.  

For displaced intra-articular fractures, ORIF is a 
well-accepted method. Still, soft tissue problems 
after ORIF are common, and it can lead to 
catastrophic complications such as septic 
nonunion, arthrodesis, and even amputation. 
Therefore, treatment strategies focused on how to 
protect the soft tissue envelope as much as 
possible. The optimal treatment for displaced 
pilon fracture is still eristic. The main options are 
ORIF, MIPO, definitive external fixation with or 
without limited open reduction, and staged 
treatment (19). MIPO can provide rigid fixation of 
articular fragments with locking screws without 
disruption of soft tissue envelope. However, it is 
not always possible to fix all fragments with a 
single approach. Aneja et al. compared the 
capability of three different anterolateral plates to 
capture fracture fragments, and all of them failed 
to fix medial fragments (20). The Anteromedial 
approach is reliable for the reduction and fixation 
of the medial and anterior part of the joint, but 
the medial side is more vulnerable to soft-tissue 
complications. Kim et al. suggested using a 
combined anterolateral and medial approach in 
the second stage (21). They used small plates as a 
fixation tool. In the present study, we used the 
same approaches, but we preferred cannulated 
screws to fix the anterolateral fragment when 
needed.  

The literature favors two-stage treatment to 
perform ORIF (22). Tang et al. investigated the 
outcomes of early and late ORIF, and they 
reported no difference in terms of functional, 
radiological outcomes, and complication rates 
(23). Temporary external fixation is an accepted 
method for two-stage treatment, but this method 
increases hospital stay and costs. In our study, the 
patients who had Tcherne grade 3 or open 
fractures received staged treatment in the MIPO 
group. Two patients experienced superficial 
wound complications in that group (one wound 
dehiscence and one superficial infection), and 
those patients were treated by local wound care 
and antibiotics.  

Ring external fixators remain a safe choice for 
treatment of tibia plafond fractures (8). Ilizarov 
external fixator system allows distraction and 
ligamentotaxis with minimal soft tissue damage. 
Ring fixators provide adequate stability without 
excessive soft tissue damage (19). Internal fixation 
can be challenging in osteoporotic patients. 
Although Haller et al. reported similar failure rates 
in the elderly population who were treated with 
ORIF (24), dealing with soft tissue complications 
is more difficult in the elderly population.  
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Table 1. Demographic Details of The Study Population 

  Group 1 

(n=25) 

Group 2 

(n=25) 

Total 

(n=50) 

p 

Mechanism of injury High energy 19 (76%) 18 (72%) 37 (74%) 0.8 

Low energy 6 (24%) 7 (28%) 13 (26%) 

Fibula Fracture + 23 (92%) 18 (72%) 41 (82%) 0.7 

- 2 (8%) 7 (28%) 9 (18%) 

Concomitant skeletal 
Injury 

+ 7 (28%) 5 (20%) 12 (24%) 0.8 

- 18 (72%) 20 (80%) 38 (76%) 

Tscherne Classification 2 9 (36%) 11 (44%) 20 (40%) 0.7 

3 7 (28%) 9 (36%) 16 (32%) 

Open fracture Type 1 2 2 4 0.8 

Type 2 5 2 7 

Type 3A 2 1 3 

Mean Follow-Up (mean 
± SD) 

 25.3 ± 
13.7 

15.8 ± 5.5 20.4 ± 8.2 0.1 

 

Table 2. Pain and Functional Outcome Scores  

   

p Group 1 (n=25) Group 2 (n=25) 

AOFAS Score 76 ±16.2 78 ± 18.6 0.21 

VAS 76 ± 7.8 78 ± 8.2 0.50 

FADI 78 ± 15.1 82 ±9.3 0.11 

AOFAS: American Orthopedic Foot and Ankle Society score, VAS: Visual Analog Scale, FADI: Foot and Ankle 
Disability Index 

 

Table 3. Ankle and Subtalar Range of Motion (ROM) Values  

  Group 1 (n=25) Group 2 (n=25) p 

Ankle ROM (°) Dorsiflexion 8.0 ± 2.4 10.0 ± 1.5 0.18 

Plantarflexion 32.6 ± 8.7 36.0 ±7.5 

Subtalar ROM (°) Inversion 12.0 ± 4.9 15.0 ±1.6 0.72 

Eversion 8.0 ± 1.3 7.0 ± 0.9 

 

Iliopoulos et al. performed the Ilizarov external 
fixator to elderly pilon fractures, and they 
reported satisfactory results with low complication 
rates (25). The Ilizarov system allows early weight-
bearing. Weight-bearing protects bone from 
osteopenia, and early mobilization reduces 
complication rates, especially in a population with 
high comorbidity (19). In our study, immediate 
partial weight-bearing was allowed to patients in 
the Ilizarov group. Most of the participants were 
male (70%), with a mean age of 45.5. Therefore, 
osteoporosis was of less concern in our 
population. One of the most significant 
advantages of the Ilizarov technique is that it is a 
single-stage operation. Especially in patients with 
high comorbidities, two operations increase 

morbidity, and risks of two times anesthesia is 
another concern. We can speculate that Ilizarov 
can be suggested in elderly pilon fractures to avoid 
two operations and to allow earlier weight-
bearing. 

In their prospective study, Kapoor et al. treated 17 
43-B and C fractures with the Ilizarov, and the 
mean AOFAS score was 79.8 at a mean follow-up 
of 29 months (8). Manegold et al. performed 
staged treatment on 27 patients, and the mean 
AOFAS score was 82.1, with a minimum of 2 
years follow-up (26). In the present study, 
functional results were similar to the previous 
literature (27).  

Treatment of co-existing fibula fractures when 
using a definitive external fixator remains a 
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debate, although some authors prefer fixing fibula 
before external fixator application (28). Williams 
et al. reported a significantly high rate of 
complications after fibula fixation with definitive 
external fixation, and they suggested left fibula 
unfixed for better results (29). In the present 
study, the fibula is left unfixed in the Ilizarov 
external fixation group. None of the patients 
showed fibular malunion or nonunion at the last 
follow-up.  

In their study, Bicici and Bingol (12) compared 
the effectiveness of single stage, double stage and 
definitive external fixator options and they 
reported similar functional results in midterm 
period while soft tissue complications were higher 
in single stage group. In another study Rushdi et 
al. (31) analysed 91 distal tibia fractures and they 
tried to propose a algoritm for distal tibial 
fractures but they concluded that 'there is no 
single method of fixation that is ideal for all pilon 
fractures and suitable for all 'patients'. In the 
present study we did not find any differences 
between the two treatment options in terms of 
functional results, ROM and complication rates. 

This study has some limitations to be 
acknowledged. The study has a retrospective 
design with a relatively small sample size and short 
follow-up. Prospectively designed studies 
including a larger sample size and longer follow-
up period would give more precise data Second, 
only medial plating was performed. Using 
different plating techniques or combined internal 
fixation constructs might give different results. 
Third, the outcomes in the fracture subgroups 
could not be evaluated due to small number of 
patients. Fourth, group 2 consists of single stage 
and double stage surgeries. This patients analysed 
as a single group which may cause bias as well.  

Both MIPO and the Ilizarov techniques are 
effective and safe methods with low complication 
rates in the treatment of pilon fractures.  

References 

1. Rüedi TP, Allgöwer M. Fractures of the lower 
end of the tibia into the ankle-joint. Injury 
1969; 1: 92-99. 

2. Bear J, Rollick N, Helfet D. Evolution in 
Management of Tibial Pilon Fractures. Curr 
Rev Musculoskelet Med 2018; 11: 537-545.  

3. Tomás-Hernández J. High-energy pilon 
fractures management: State of the art. 
EFORT Open Rev 2016; 1: 354-361.  

4. Rüedi TP, Allgöwer M. The operative 
treatment of intra-articular fractures of the 

lower end of the tibia. Clin Orthop Relat Res 
1979: 105-110.  

5. Schatzker J, Johnson RG. Fracture-dislocation 
of the ankle with anterior dislocation of the 
fibula. The Journal of trauma 1983; 23: 420-
423.  

6. Bone L, Stegemann P, McNamara K, Seibel R. 
External fixation of severely comminuted and 
open tibial pilon fractures. Clinical 
orthopaedics and related research 1993: 101-
107.  

7. Lai TC, Fleming JJ. Minimally Invasive Plate 
Osteosynthesis for Distal Tibia Fractures. 
Clinics in podiatric medicine and surgery 2018; 
35: 223-232.  

8. Kapoor SK, Kataria H, Patra SR, Boruah T. 
Capsuloligamentotaxis and definitive fixation 
by an ankle-spanning Ilizarov fixator in high-
energy pilon fractures. J Bone Joint Surg Br 
2010; 92: 1100-1106.  

9. Zhang SB, Zhang YB, Wang SH, et al. Clinical 
efficacy and safety of limited internal fixation 
combined with external fixation for Pilon 
fracture: A systematic review and meta-
analysis. Chinese journal of traumatology = 
Zhonghua chuang shang za zhi 2017; 20: 94-
98.  

10. Sitnik A, Beletsky A, Schelkun S. Intra-
articular fractures of the distal tibia: Current 
concepts of management. EFORT open 
reviews 2017; 2: 352-361.  

11. Barış A, Çirci E, Demirci Z, Öztürkmen Y. 
Minimally invasive medial plate osteosynthesis 
in tibial pilon fractures: Longterm functional 
and radiological outcomes. Acta Orthop 
Traumatol Turc 2020; 54: 20-26.  

12. Biçici V, Bingöl İ. Do different surgical 
techniques in tibia pilon fractures change the 
results of the midterm? Turk J Med Sci 2020; 
50: 1559-1565. 

13. Gustilo RB, Anderson JT. Prevention of 
infection in the treatment of one thousand 
and twenty-five open fractures of long bones: 
retrospective and prospective analyses. J Bone 
Joint Surg Am 1976; 58: 453-458 

14. Tscherne H, Oestern HJ. Die Klassifizierung 
des Weichteilschadens bei offenen und 
geschlossenen Frakturen [A new classification 
of soft-tissue damage in open and closed 
fractures (author's transl)]. Unfallheilkunde 
1982; 85: 111-115.  

15. Ovadia DN, Beals RK. Fractures of the tibial 
plafond. The Journal of bone and joint surgery 
American volume 1986; 68: 543-551.  

16. Schneider W, Jurenitsch S. Normative data for 
the American Orthopedic Foot and Ankle 
Society ankle-hindfoot, midfoot, hallux and 
lesser toes clinical rating system. Int Orthop 
2016; 40: 301-306.  



 
Oguzkaya et al / Comparison of Ilizarov and MIPO Methods For Pilon Fractures  

 

 

 

East J Med Volume: 27, Number:3, January-March/2022 
 

499 

17. Anaforoglu Kulunkoglu B, Celik D. Reliability 
and Validity of the Turkish Version of Foot 
and Ankle Ability Measure for Patients With 
Chronic Ankle Disability. J Foot Ankle Surg 
2019; 58: 38-41. 

18. Kellgren JH, Lawrence JS. Radiological 
assessment of osteo-arthrosis. Ann Rheum 
Dis 1957; 16: 494-502.  

19. Osman W, Alaya Z, Kaziz H, et al. Treatment 
of high-energy pilon fractures using the 
ILIZAROV treatment. Pan Afr Med J 2017; 
27: 199.  

20. Aneja A, Luo TD, Liu B, et al. Anterolateral 
distal tibia locking plate osteosynthesis and 
their ability to capture OTAC3 pilon 
fragments. Injury 2018; 49: 409-413.  

21. Kim GB, Shon OJ, Park CH. Treatment of 
AO/OTA Type C Pilon Fractures Through 
the Anterolateral Approach Combined With 
the Medial MIPO Technique. Foot Ankle Int 
2018; 39: 426-432.  

22. Calori GM, Tagliabue L, Mazza E, et al. Tibial 
pilon fractures: which method of treatment? 
Injury 2010; 41: 1183-1190.  

23. Tang X, Liu L, Tu CQ, Li J, Li Q, Pei FX. 
Comparison of Early and Delayed Open 
Reduction and Internal Fixation for Treating 
Closed Tibial Pilon Fractures. Foot & ankle 
international 2014; 35: 657-664.  

24. Haller JM, Githens M, Rothberg D, Higgins T, 
Nork S, Barei D. Pilon Fractures in Patients 

Older Than 60 Years of Age: Should We Be 
Fixing These? J Orthop Trauma. 2020; 34: 
121-125.  

25. Iliopoulos E, Morrissey N, Cho S, Khaleel A. 
Outcomes of the Ilizarov frame use in elderly 
patients. J Orthop Sci 2017; 22: 783-786.  

26. Manegold S, Springer A, Mardia S, Tsitsilonis 
S. Treatment Algorithm for Pilon Fracture - 
Clinical and Radiological Results. Acta Chir 
Orthop Traumatol Cech 2019; 86: 11-17.  

27. Zheng Y, Zhang JD, Shen JM, Chen JJ, Toy L, 
Huang JF. A Modified 2-Stage Treatment for 
AO/OTA 43-C1 Pilon Fractures 
Accompanied by Distal Fibular and Posterior 
Lip of the Distal Tibia Fracture. J Foot Ankle 
Surg 2020; 59: 972-978.  

28. Okcu G, Aktuglu K. Intra-articular fractures 
of the tibial plafond. A comparison of the 
results using articulated and ring external 
fixators. The Journal of bone and joint surgery 
British volume 2004; 86: 868-875. 

29. Williams TM, Marsh JL, Nepola JV, DeCoster 
TA, Hurwitz SR, Bonar SB. External fixation 
of tibial plafond fractures: is routine plating of 
the fibula necessary? Journal of orthopaedic 
trauma 1998; 12: 16-20.  

30. Rushdi I, Che-Ahmad A, Abdul-Ghani K, 
Mohd-Rus R. Surgical Management of Distal 
Tibia Fracture: Towards An Outcome-based 
Treatment Algorithm. Malays Orthop J 2020; 
14: 57-65. 

 


