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Introduction  

Distal tibial fractures are usually associated with significant 

soft tissue injury caused by high energy trauma, which may 

result in a series of complications such as fixation failure, skin 

flap necrosis or deep infection [1]. The most important 

predictors that influence the outcome of these injuries are 

soft-tissue management, the type of fracture, and quality of 

reduction [2]. Recognizing and managing soft tissue injury is 

the most important aspect of treating closed fractures [3]. 

Open Reduction and Internal Fixation (ORIF) in high-energy 
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Abstract 

Background: Distal tibial fractures are usually associated with significant soft tissue injury caused by high energy trauma, 

which may result in a series of complications such as fixation failure, skin flap necrosis or deep infection.  

The aim of this study was to evaluate the result of minimally invasive percutaneous osteosynthesis for treatment of distal 

tibial fractures associated with soft tissues injuries. including preoperative planning, operative technique, and complication 

encountered during the study period.  

Methods: This prospective study included 20 trauma patients with distal tibial fractures. Patient selection was mainly based 

on the fracture pattern and the severity of soft tissue status. Patients were subjected to history taking, clinical examination 

and radiological evaluation.  

Results: All fractures were united in a mean period 9 weeks. According to American Orthopedic Foot and Ankle Society 

(AOFAS) score, 15 patients (75%) were graded as excellent, good in 3 patients (15%) and fair in 2 patients (10%). 

Complications: This study had 17 patients (85%) with no complication, 2 patients (10%) with skin infection and one patient 

(5%) had malunion of fracture. 

Conclusions: On the basis of the finding of this study it can be concluded that MIPO technique yields good to excellent 

clinical outcomes with accepted functional outcome for the management of closed distal tibia fractures. Being minimally 

invasive, it preserves the biological environment by preserving the soft tissue and vascularity and reduces incidence of 

wound complications. 

Keywords: MIPO; External Fixation; Distal Tibial Fractures; Intramedullary Nail 

Abbreviations: ORIF: Open Reduction and Internal Fixation, ILN: Intramedullary Nailing, Ex Fix: External fixators, ROM: 

Range of motion, AOFAS: American Orthopedic Foot and Ankle Society 
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distal tibia fractures, were associated with infection rates as 

high as 55%, wound sloughing rates as high as 36% and a few 

patients in multiple studies eventually required amputation 

[4]. 

Intramedullary Nailing (ILN) has the lowest infection rates, 

but it is associated with other complications such as angular 

malunion, compartment syndrome and anterior knee pain 

[5,6]. For ILN, fractures should be > 2 cm from the articular 

surface with a minimum 2 and preferably 3 well distributed 

locking screws to provide sufficient stability [2]. 

External fixators (Ex. Fix) can be used in fractures with soft 

tissue damage that precludes plate and nail fixation. Its 

assembly should not jeopardize the attainment of an eventual 

coverage flap and avoid the course of a possible incision for 

future surgical treatment [7-9]. 

Several authors combine an ankle-spanning Ex. Fix with 

percutaneous screws or wires fixation of articular fragments 

with good results and low complication rates [10,11]. Instead 

other authors suggested a staged treatment protocol consists 

of initial stage of fibular fixation and tibial Ex. Fix followed 

by a second stage of ORIF when soft tissue swelling has 

significantly diminished [12,13]. 

Recently, less invasive biological techniques were introduced 

in treatment of distal tibial fractures associated with expected 

fewer soft tissue complications and improve healing. The 

emphasis lies on indirect reduction and stable fixation 

preserving most of the vascularization and the osteogenic 

fracture hematoma which contains all growth factors 

necessary for bony healing [13]. 

The aim of this study was to evaluate the result of minimally 

invasive percutaneous osteosynthesis for treatment of distal 

tibial fractures associated with soft tissues injuries. including 

preoperative planning, operative technique, and complication 

encountered during the study period. 

Patients and methods 

This prospective study included 20 trauma patients with distal 

tibial fractures. Patient selection was mainly based on the 

fracture pattern and the severity of soft tissue status. 

The study was done after being approved by the research 

ethics committee and informed consent was obtained from all 

participants included. 

Inclusion criteria were patient age from 18 to 50 years old, 

acute fractures that the time between the injury and operation 

equal to or less than 15 days and closed fractures. 

Exclusion criteria were open fractures, old fractures that the 

time of interval between the injury and operation over 15days, 

presence of neurovascular injury, pathological fractures and 

patients younger than 18 years of age. 

All patients were subjected to history taking including 

(Age, sex, medical history, mode of trauma, time of trauma, 

associated injuries and special habits as smoking). 

Clinical examination: Severity of soft tissue injury and 

neurovascular assessment. 

Radiological evaluation: Plain X ray anteroposterior and 

lateral views and CT if needed to detect the pattern of the 

fracture. 

Surgical technique: The patient position is supine, after 

provisional reduction, a 3-4 cm vertical incision was made 

over the medial malleolus towards proximally with care not 

to injure the saphenous nerve and vein. A subcutaneous 

tunnel was made using a specialized elevator. The plate was 

tunneled proximally across the fracture site using the locking 

sleeve as a handle for insertion of the plate. The plate was 

centered on the tibia, confirmed on AP & lateral views. When 

reduction is difficult despite of repeated attempt, a small 

incision is made using a Kirschner wire (3mm) as a joystick 

to aid in fracture reduction and towel clip or reduction clamp 

to hold reduction. Varus valgus angulation < 5° and 

anteroposterior angulation < 10° and shortening of < 15 mm 

are considered acceptable criteria for reduction. Cortical 

screws were inserted first depending on the need for reduction 

in proximal or distal fragment. After the reduction was 

confirmed, locking screws were inserted with aim of 

achieving a minimum of 6 cortices on either side of the 

fracture 

With separate stab incision, at least three locking screws are 

applied on the either side of fracture. At the end of the 

procedure, closure was done in layers with non-absorbable 

sutures. 

Postoperative management: Limb elevation over pillows 

and IV antibiotics are given for 5 days postoperatively. 

Switching over the oral antibiotics is done on the 5th 

postoperative day. Analgesics if required are given. All  
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classic radiographic views (AP, lateral) will be obtained. Skin 

sutures are removed on the 14th postoperative day. Post-

operative regimen was to immobilize the fracture in below 

knee walking cast for a period of 4 to 6 weeks with restricted 

weight bearing until there was radiological evidence of 

fracture healing. Full weight bearing was ensued after callus 

was seen in at least three cortices on AP & lateral views. 

Follow up: Routine follow up visits done with X-rays were 

taken at 1month intervals to assess healing and alignment. On 

each follow-up, patients were subjected to clinical and 

radiological assessment: Clinical assessment: On each 

follow-up patients were asked about subjective symptoms 

such as pain, limping, need for support when walking. The 

patients were examined for range of active and passive 

movements as well as shortening and rotational deformities. 

Examination to assess union of the fractures was performed. 

Radiological assessment: The fracture was considered united 

radiologically on the following criteria: disappearance of the 

fracture line and good callus formation. 

The fracture was considered united clinically on the following 

criteria: No pain, no tenderness and no abnormal mobility. 

At final follow-up, clinical examination was made. Range of 

motion (ROM) was assessed with a goniometer and the 

American Orthopedic Foot and Ankle Society (AOFAS) 

ankle score determined [14]. This scoring system classified 

the evaluated items into three major categories: pain, function 

and alignment. In this scale, 50 points have been assigned to 

function, 40 points to pain, and 10 points to alignment. 

Usually, a score between 90 and 100 is excellent, 75-89 good, 

50-74 fair and < 50 poor. 

Cases 

Case 1: Female patient 32 years old was presented by trauma 

due to road traffic injury to the left leg with associated 

fracture fibula. The patient was operated on 9th day of injury 

under spinal anesthesia. She had no past history of medical 

illness. No intraoperative or postoperative complication. Her 

result was excellent according to ankle hindfoot scale (Fig 1). 

Case 2: Male patient 20 years old was presented by trauma 

due to road traffic injury to the right leg with associated 

fracture fibula. His result was excellent according to ankle 

hindfoot scale (Fig. 2). 

 

Figure 1: A) Preoperative x-ray, B) Intraoperative photo for incisions and immediate postoperative x-rays, C) 2 months postoperative x 

ray, D) 6 months x ray, E) Last clinical photo of scars. 
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Figure 2: A) preoperative x ray, B) Intraoperative incisions, C) postoperative x ray, D) 2 months x ray, E) 5 months x ray, F) Scars of 

the operation 5 months postoperative. 

 

Results 

Socio-demographic characteristics of the studied cases were 

shown in Table 1. 

Table 1: Socio-demographic characteristics of the studied cases 

 n = 20 % 

Age/years  

Sex 

Male 

Female 

Smoking 

-ve 

+ve 

Occupation 

Employee 

Housewife 

Manual worker 

Student 

38.25 ± 10.56 

 

13 

7 

 

13 

7 

 

4 

7 

6 

3 

 

 

65.0 

35.0 

 

65.0 

35.0 

 

20.0 

35.0 

30.0 

15.0 

 

Classification of the fracture: 16 patients (80%) were extra 

articular type A fractures, and 3 patients (15%) were partial 

intra articular type B.one patient (5%) was complete intra 

articular fracture type C according to AO/OTA classification 

Fig 3. 

Associated medical disease: Nine patients (45%) had 

associated medical illness.4 patients (20%) had hypertension 

and 5 patients (25%) had DM. Clinical results: The result in 

this study was done according to American Orthopedic Foot 

and Ankle Society (AOFAS). The results were graded as 

excellent in 15 patients (75%), good in 3 patients (15%) and 

fair in 2 patient (10%). Complications: This study had 17 

patients (85%) with no complication, 2 patients (10%) with 

skin infection and one patient (5%) had malunion of fracture. 

Range of motion: The range of ankle motion in this study in 

degrees was dorsiflexion (15-20) in 55% patients. and planter 
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6 (20-35) in 60% patients. Side affected: The right side was 

affected in 11 cases (55%) and the left side in 9 cases (45%). 

Mechanism of injury: The mechanism of injury in most cases 

was road traffic accident which occurs in 11cases (55 %) and 

falling down injury in 9 cases (45 %). Associated injures: In 

this study there is 13 patients have associated injuries, 12 of 

them have fracture lower third fibula and 1 has fracture upper 

third fibula Table2.

 

Figure 3: classification of the fracture according to AO/OTA classification. 

 

Table 2: Associated medical disease, Clinical results, complications and post-operative pain incidence, range of motion and Injury 

characteristics among studied cases 

Associated medical disease n = 20 % 

No 

Hypertension 

DM 

 

Clinical results 

Fair 

Good 

Excellent 

Complications 

11 

4 

5 

n =20 

 

2 

3 

15 

 

55.0 

20.0 

25.0 

% 

 

10.0 

15.0 

75.0 

 

No 

Infection 

Malunion 

post-operative pain 

No 

Mild 

Moderate 

 

Range of motion 

Dorsiflexion 

0-10 

10-15 

15-20 

Planter flexion 

0-20 

20-35 

35-50 

 

17 

2 

1 

 

15 

3 

2 

n = 20 

 

 

4 

5 

11 

 

4 

12 

4 

n = 20 

85.0 

10.0 

5.0 

 

75.0 

15.0 

10.0 

% 

 

 

20.0 

25.0 

55.0 

 

20.0 

60.0 

20.0 

% 

Side 

right 

left 

 

11 

9 

 

55.0 

45.0 

Classification of the fracture 

80 % extra articulat type A

15 % partial intra-articular
type B

5 % complete intra-
articular type C
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Mechanism 

Falling down 

Road traffic 

Associated injuries 

No 

BB leg 

Lower third fibula 

 

9 

11 

 

7 

1 

12 

 

45.0 

55.0 

 

35.0 

5.0 

60.0 

 

Time between injury and operation: Six patients were 

managed within two days (30%), 6 patients were managed 

within 2-7 days (30%) and 8 patients were managed more 

than seven days (40%) Table 3.  

Table 3: Time between injury and operation. 

 n = 20 % 

Duration /days 

< 2d 

2-7d 

> 7d 

 

6 

6 

8 

 

30.0 

30.0 

40.0 

Relation of the age to the results: The incidence of excellent 

results were in average age group 39.27 years. and the 

incidence of fair to good results were in average age group 

35.20 years. The differences were found to be statistically 

insignificant (P > 0.05). Relation of the sex to the results: The 

incidence of excellent results were in male patients (60%) 

more than in female patients (40 %). The differences were 

found to be statistically insignificant (P > 0.05). Relation of 

the smoking to the results: The incidence of excellent results 

were more in non-smokers (73%). The differences were 

found to be statistically insignificant (P > 0.05). Relation of 

the associated medical disease to the results: The incidence of 

excellent results were more in patients with no associated 

medical disease (60%). The differences were found to be 

statistically insignificant (P > 0.05) Table 4.  

Table 4: Relation between sociodemographic, disease characters and incidence of excellent response among studied cases. 

 
Fair to good  

n = 5 

Excellent n = 15 

 

test of significance 

 

Age/years 

Sex 

Male 

Female 

Smoking 

-ve 

+ve 

Occupation 

Employee 

Housewife 

35.20 ± 11.71 

 

4(80) 

1(20) 

 

2(40) 

3(60) 

 

0 

1(20) 

39.27 ± 10.37 

 

9(60) 

6(40) 

 

11(73.3) 4(26.7) 

 

 

4(26.7) 6(40) 

 

T = 0.737 p = 0.471 

 

FET = 0.659 

P = 0.613 

 

FET 

P = 0.290 

 

MC = 3.87 P = 0.276 

 

Manual worker Student  

 

Associated medical disease no 

Hypertension 

DM 

 

Duration /days 

<2 

2-7 

>7 

Mechanism 

Falling down 

3(60) 

1(20) 

 

2(40) 

0 

3(60) 

 

0 

1(20) 

4(80) 

 

2(40) 

3(20) 

2(13.3) 

 

9(60) 

4(26.7) 

2(13.3) 

 

6(40) 

5(33.3) 

4(26.7) 

 

7(46.7) 

 

 

 

MC = 4.87 

P = 0.087 

 

 

 

MC = 4.89 

P = 0.087 

 

FET = 0.067 

https://www.acquirepublications.org/Journal/Orthopedic/Orthopedic-Practice
https://www.acquirepublications.org/Journal/Orthopedic/Orthopedic-Practice


                                                                                                                                                                                                   

 

Journal of Orthopedic Practice 

www.acquirepublications.org/JOP                                                                                                                                            7 

                                                                                                                                      7 

Road traffic 

Associated injuries 

No 

BB leg 

Lower third fibula 

3(60) 

 

2(40) 

1(20) 

2(40) 

8(53.3) 

 

5(33.3) 

0 

10(66.7) 

P=1.0 

 

MC = 3.49 

P = 0.174 

t: Student t test, MC: Monte Carlo test, FET: Fischer exact test, *statistically significant 

 

Relation of the age to complications: The incidence of 

complications were in age group average 38 years. The 

differences were found to be statistically insignificant (P > 

0.05) (Table 1). Relation of the sex to complications: The 

incidence of complications were more in male patients 

(100%). The differences were found to be statistically 

insignificant (P > 0.05). Relation of the smoking to 

complications: The incidence of complications were more in 

smoker patients (66.7%) than nonsmoker patients (33.3%). 

The differences were found to be statistically insignificant (P 

> 0.05). Relation of the occupation to complications: The 

incidence of complications were more in manual worker 

patients (100%). The differences were found to be 

statistically significant (P > 0.05). Relation of the associated 

medical disease to complications: The incidence of 

complications were more in diabetic patients (66.7%). The 

differences were found to be statistically insignificant (P > 

0.05). Relation of the time between injury and operation to 

complications: The incidence of complications were more in 

delayed surgery more than 7 days (66.7%). The differences 

were found to be statistically insignificant (P > 0.05) Table 

5. 

Table 5: Relation between sociodemographic, disease characters and incidence of complications among studied cases. 

 
no 

n = 17 

complications 

n = 3 
test of significance 

Age/years 

Sex 

Male 

Female 

Smoking 

-ve 

+ve 

Occupation 

Employee 

Housewife 

Manual worker 

Student 

Associated medical disease 

no 

Hypertension 

DM 

Duration /days 

<2 

2-7 

>7 

Mechanism 

Falling down 

Road traffic 

Associated injuries 

No 

38.29 ± 10.81 

 

10(58.8) 

7(41.2) 

 

12(70.6) 

5(29.4) 

 

4(23.5) 

7(41.2) 

3(17.6) 

3(17.6) 

 

10(58.8) 

4(23.5) 

3(17.6) 

 

6(35.3) 

5(29.4) 

6(35.3) 

 

7(41.2) 

10(58.8) 

 

5(29.4) 

38. 0 ± 11.14 

 

3(100) 

0 

 

1(3.3) 

2(66.7) 

 

0 

0 

3(100) 

0 

 

1(33.3) 

0 

2(66.7) 

 

0 

1(33.3) 

2(66.7) 

 

2(66.7) 

1(33.3) 

 

2(66.7) 

T = 0.043 p = 0.966 

 

FET = 1.9 

P = 0.521 

 

FET = 1.56 

P = 0.212 

 

 

MC = 8.23 

P = 0.04* 

 

 

 

MC = 3.46 

P = 0.177 

 

 

MC = 1.69 

P = 0.428 

 

FET = 0.669 

P = 0.566 

 

MC = 1.61 

BB leg 

Lower third fibula 

1(5.9) 

11(64.7) 

0 

1(33.3) 

P=0.448 

 

t: Student t test, MC: Monte Carlo test, FET: Fischer exact test, *statistically significant  
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Discussion 

Minimally invasive plate osteosynthesis (MIPO) is the logical 

next step in the surgical treatment of fractures. It relies 

primarily on the indirect reduction of the fracture using 

various techniques. In this way, the fracture environment is 

better preserved, as well as the blood supply to the bony 

fragments [15]. Theoretical advantages include less infection 

and wound problems and better fracture healing.  

Especially in the region of the distal tibia and ankle joint the 

soft tissues are frequently involved in the sustained trauma 

and play a central role in the choice of the surgical fracture 

treatment.  

Very often, it is the initial condition of the surrounding soft 

tissues that limits the possibilities for osteosynthesis and 

directly relates to the outcome of distal tibial fractures [16]. 

The importance of a good, mechanically stable osteosynthesis 

in the treatment of fractures of the tibial plafond has been well 

emphasized. When fixing the often-comminuted metaphyseal 

fragment to the diaphysis in an attempt to restore proper axial 

alignment, very often considerable hardware and thus 

surgical dissection is required. 

Percutaneous plating of the distal tibia offers a similar 

stability as classic ORIF, however without the need for 

extensive dissection. Therefore, fewer soft tissue 

complications can be expected, thus allowing the use of this 

technique even in the presence of moderate to severe soft 

tissue contusion or grade I or II open fractures. As such, it 

promises to be a valid alternative to external (hybrid) fixation, 

although two-stage procedures may be performed [17]. It is 

very important to restore the original length and rotation of 

the lateral column of the ankle joint [18]. 

Limited open or percutaneous reduction and lagscrew fixation 

of the distal tibial articular fragments is overall well accepted 

as the preferred treatment. This is not always possible in 

complex, very comminuted pilon fractures where a small 

anteromedial incision needs to be performed to access the 

ankle joint in order to reconstruct the articular surface of the 

distal tibia. This same incision can be used to insert the medial 

plate. It is safe as long as the lateral incision is posterior 

enough to have a good skin bridge between both incisions. 

Although this technique of MIPO offers the possibility of 

achieving a good mechanical fixation of the distal tibia even 

in the presence of a metaphyseal defect (as it acts as an 

“internal fixator” [19]. 

Recently we have started to use locking compression plates as 

they allow for the placement of locking head screws in the 

epiphysis and metaphyseal region, definitely contributing to 

the mechanical stability of the construct. Moreover, these 

plates do not have to be perfectly contoured to the bone to 

achieve optimum stability, which makes their use more 

simple. 

Li et al. [20] have reported no delayed union or nonunion in 

their retrospective study involving twenty-three patients 

treated with MIPO. Guo et al. [21] reported no delayed union 

or nonunion in their prospective randomised study involving 

forty-one patients treated with MIPO. Seyhan et al. have 

reported two (5.6%) nonunion with MIPO in their 

retrospective study. Zou et al. [22] have reported three (7.1%) 

delayed union with open surgery. In the current study, no 

patients in the MIPO group had nonunion.  

Lee et al. [23] have recommended that they had only three 

(3.4%) malunions in eighty-eight distal tibia fractures treated 

with open plating. Zou et al. [22] have reported no malunion 

in their study with open surgery. Recently, malunion has been 

common in the MIPO technique, ranging from 2% to 35%. 

Zou et al. [22] have reported that malunion was seen in 9.6% 

of the patients treated with MIPO. The rate of malunion was 

9.5% in Borg et al. [24] study with MIPO. In the current 

study, malunion was reported in one patient (5%) in the MIPO 

group, as it is difficult to achieve anatomic reduction of the 

fracture site with minimally invasive plating with indirect 

reduction. 

There was no significant difference with respect to the time 

from injury to surgery. All surgeries were delayed till the 

wrinkle sign was diminished. 

A greater number of days in hospital causes higher hospital 

costs to society. In this prospective study, the MIPO group 

had a significantly shorter hospital stay in the present study, 

two (10%) superficial infections was noted, it is well-known 

that distal part of the tibia has poor vascularity and soft tissue 

coverage, so infection is a common complication. Lee et al. 

[23] have stated seven (8.0%) superficial infections, Jensen et 

al. have reported nine superficial infections (9%) in one 

hundred and five patients. Guo et al. have reported 6 wound 
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problems (14.6%) in thirty-eight patients plated with MIPO 

technique. 

Open methods may have a higher infection rate than that of 

MIPO due to the risk of insufficient circulation at wound 

edges, which exposes to the superficial infection [23]. 

Conclusion 

On the basis of the finding of this study it can be concluded 

that MIPO technique yields good to excellent clinical 

outcomes with accepted functional outcome for the 

management of closed distal tibia fractures. Being minimally 

invasive, it preserves the biological environment by 

preserving the soft tissue and vascularity and reduces 

incidence of wound complications. 
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