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Introduction
Fractures of the distal tibial metaphysis with or without intra-

articular extension can present a management challenge because of their 
inherent instability, scarcity of soft tissues, subcutaneous nature and 
poor vascularity of bone. Treatment modality is dictated by the fracture 
displacement, comminution, intra-articular extension and injury to the 
soft-tissue envelope [1]. The surgical treatment of fractures has evolved 
a great deal since the development of the original “open reduction and 
internal fixation” technique by the AO group, even though high rates 
of complications have been reported in literature with conventional 
methods [2-6]. Although intramedullary nailing minimizes surgical 
trauma to already traumatize soft tissues envelop, but is generally 
not considered suitable for distaltibial fractures because of lack of 
biomechanical stability of fixation and subsequent risk of malunion. 
Conventional plating results in extensive soft tissue dissection and 
periosteal injury, further compromising the blood supply to already 
traumatize soft tissues. External fixators are effective in managing 
compound fractures and fractures associated with extensive soft-tissue 
injury, but are also not free of complications, and are associated with 
a high incidence of pin tract infection, loosening and malunion [7]. A 
mechanically stable fracture-bridging osteosynthesis can be obtained 

without significant dissection and surgical trauma to the bone and 
surrounding soft tissues by minimally invasive percutaneous plate 
osteosynthesis (MIPPO) [8]. This technique utilizes indirect reduction 
and internal fixation with locking compression plates. The plate is 
tunneled subcutaneously, but extra periosteally, through limited skin 
incisions placed at the proximal and distal ends of the plate, bypassing 
the fracture site and then making a stable construct by judicious use of 
compression and locking screws. This technique aims to preserve bone 
biology and minimizes surgical trauma to already traumatized soft 
tissues. MIPPO with LCP offers biological advantages over conventional 
plating techniques in terms of low surgical trauma, preservation of the 
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superficial infection, treated successfully with antibiotics. No deep infection, wound dehiscence and hardware failure 
was noted.

Conclusion:  MIPPO is a well-documented technique that offers biological advantages and appears to be a 
reasonable treatment option for complex unstable distal tibial or pilon fractures that are not suited for intramedullary 
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blood supply, lesser evacuation of osteogenic fracture hematoma and 
stable construct [8-10]. Our aim was to observe the results of the distal 
tibial fracture fixation with locking compression plate using MIPPO 
technique in terms of clinical and functional outcome.

Material and Methods
We prospectively followed the 26 consecutive patients who 

underwent minimally invasive percutaneous plate osteosynthesis using 
LCP for distal tibial fractures between January 2010 and December 
2011. At start of study, permission was taken from hospital ethical 
committee and informed consent was obtained from all patients.  
Patients were aged between 20 to 65 years (mean age of 43 years) with 
seventeen males and nine females. We included all patients presenting 
to our outpatient or emergency department with high energy distal 
tibial fractures with or without intra-articular extension. All closed 
injuries, compound grade I and grade II fractures were included in the 
study. Compound grade III fractures were excluded from the study 
because of the presence of severe soft tissue injury, periosteal striping 
and loss of fracture hematoma, which may lead to confounding. There 
were 19 closed and 7 open fractures (compound grade I=5 and grade 
II=2). Antero-posterior and lateral radiographs of ankle including 
leg were used to determine the fracture personality (displacement, 
comminution, intra-articular extension) and then classifying the 
fracture accordingly (Figure 1). Fractures were classified according to 
the AO comprehensive classification system [11]. There were eighteen 
43A, six 43B and two 43C fractures. Open fractures were classified 
according to the Gustilo and Anderson classification system [12]. 
Fifteen patients were involved in road traffic accidents and eleven had 
a fall from height. All of the patients had an associated fibular fracture. 
On presentation all open fractures were managed with debridement 
and primary fixation, while closed injuries were managed initially 
with below knee plaster slab and elevation of the fractured extremity. 
The definitive fixation with locking compression plates using MIPPO 
technique was undertaken after subsidence of soft tissue trauma (Figure 
2). Postoperative plaster cast immobilization was not used routinely. 
Postoperative regimen consisted of knee and ankle bending exercises 
starting on 1st post-operative day. Non weight bearing ambulation 
started on 3rd post-operative day, progressing to partial weight bearing 
at 6 to 8 weeks. Full weight bearing ambulation was allowed after clinico 
radiological union at 12 to 14 weeks. Patients were then followed up in 
the outpatient department at regular interval. At each visit patient were 
evaluated with clinical and radiological examination.

The final outcome was evaluated at mean of 14.3 months. Clinical 
union was defined as single stance, painless full weight-bearing on the 
healed fractured extremity (Figure 3). Radiological union was defined 
as evidence of bridging callus in both the orthogonal views (Figure 4). 
Delayed union was labeled when patient does not met the above said 
criteria of union at nine months. Soft tissue outcome was evaluated 
from history of infection (superficial or deep), wound dehiscence, 
hardware impingement and necessity for hardware removal. American 
Orthopaedic Foot and Ankle Score (AOFAS), time back to work 
and change of work in relation to the injury were used to assess the 
functional outcome.

Operative Technique
The patient was positioned supine on operation table, with a 

thigh tourniquet. Intravenous antibiotics were given, before inflating 
tourniquet. Before proceeding to percutaneous plating, the fibular 
fracture was fixed first using a one-third tubular or recon plate, which 
helped in maintaining the length, alignment and indirect reduction of 
the tibial fracture (Figures 5a and 5b). In all cases fibular fixation was 
done. Following lateral malleolar fixation the integrity of syndesmosis 
was checked by pulling the distal fibula. After conventional plating 
of lateral malleolus, distal tibial LCP was tunneled sub-cutaneously, 
through limited skin incisions avoiding injury to the saphenous nerve 
and vein (Figure 5c). Plate was temporarily fixed using K-wires through 
the especially designed holes on the distal and proximal ends of the 
plate. Preliminary reduction and position of plate was checked under 
image intensifier. Interfragmentary compression was accomplished 
in selected cases with cortical screws placed through the plate (Figure 
5d). Following inter fragmentary compression a mechanically stable 
construct was made by use of locking screws. All through the fixation 
care was taken to prevent posterior sagging of the tibia at the fracture 
site. Wound closure was done in layers without a suction drain. 
Following operation compression bandage was given, and limb was 
elevated. No splintage was used postoperatively.

Observation and  Results
All patients were followed in outpatient department for clinical and 

radiological outcome. The mean number of days between admission 
and definitive fracture fixation was five days (range 0–9 days). Mean 
duration of operation was 95 min (range 80–125). The fibula was fixed 

Figure 1: Antero-posterior and lateral radiograph of left ankle including leg 
showing comminuted, extra-articular fracture of lower end of tibia with fracture 
of lower third of fibula.

Figure 2: Immediate post-operative antero-posterior and lateral radiograph 
of left ankle including leg showing fixation of tibial fracture with LCP, and 
fibular fracture fixation with one third tubular plate. The radiograph shows 
satisfactory alignment.
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in all cases. Bone grafting was not done in any of our case. Mean follow-
up was 14.3 months (9–23 months). Mean union time was4.5 months 
(range 3.5–8 months). Out of the 19 closed fractures, 15 fractures went 
to clinico radiological union within six months of operation, while 
rest of the four fractures took more than six months. Out of the 7open 
fractures, six fractures healed within six months, while one patient 
with compound grade II fracture required 10months for healing. 
There were two cases of superficial infection in open fracture group, 
managed successfully with antibiotics. None of the patient developed 
deep infection or wound dehiscence. All patients achieved functional 
active range of ankle movements. Mean AOFAS score was 88 at a mean 
of 14.3 months follow-up. There was no case of hardware failure, but 
four (14.3%) patients reported plate impingement.

One patient in open fracture group developed delayed union. None 
of the patient developed non-union. Two patients developed 5 degrees 
of valgus mal-alignment, no significant recurvatum or pro-curvatum 
was noted in any of our case. No temporary fixation with an external 
fixator was done for initial soft tissue management. All patients were 

back to their pre-injury employment, and out of twenty six, 21   (80.8%) 
patients were back to work within 6 months of injury, while rest of the 
patients required more than 6 months.

Discussion
The treatment of unstable distal tibial or pilon fractures remains 

controversial. Management and severity of the soft tissue injury is 
one of the most important determinants of the prognosis of distal 
tibial fractures. Complications such as wound dehiscence, infection, 
and non-union can be seen when soft tissue status is ignored [10]. 
Conventional methods of distal tibial fracture fixation have been 
associated with high rates of complications, such as wound infection, 
mal-union, non-union and hardware failure [2-6].  External fixation 
and intramedullary nailing techniques, beyond doubt minimize soft-
tissue trauma and have been shown to diminish infection but their use 
is complicated by mal-union, non-union, unsatisfactory reduction of 
articular surface, and pin tract infection [2-6,13-15].

Open reduction in the distal tibia causes an increased risk 
of disrupting the blood supply, as shown by Borelli [16]. Hence, 
conventional plating of distal tibial fractures has been associated with 

Figure 3: Clinical photograph of patient showing single stance, painless full 
weight-bearing on the healed fractured extremity – criteria defined for clinical 
union.

Figure 4: Post-operative antero-posterior and lateral radiograph of left ankle 
including leg showing union of both tibial and fibular fracture. The radiograph 
shows evidence of bridging callus in both the orthogonal views. Also note 
that no change in alignment is noted at fracture healing, indicating the 
effectiveness of fixation.

Figure 5a: Intra-operative fluoroscopic view showing displaced distal tibial 
and fibular fracture.

Figure 5b: Intra-operative fluoroscopic view showing maintenance of length, 
alignment and indirect reduction of the tibial fracture following fibular fracture 
fixation.
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high rates of infection and soft-tissue complications requiring multiple 
surgeries.

Preservation of soft-tissue integrity is particularly critical with 
distal tibial injuries because the antero-medial cortex is subcutaneous, 
and the remaining soft-tissue envelope is thin. As a result, minimally 
invasive plating techniques have been developed. LCP using MIPPO 
causes minimal soft tissue damage. Therefore, it has a biological 
advantage over ORIF in that it preserves the periosteal blood supply 
and as a result increases the chance of healing [8,17].

Minimally invasive percutaneous plate osteosynthesis (MIPPO) 
is a well-documented technique that offers biological advantages and 
appears to be a reasonable treatment option for complex unstable distal 
tibial or pilon fractures. The literature is full of studies from developed 
nations [8,10,16-18], but studies from developing nations are lacking. 
Aksekili et al. [10], Borg et al. [17], Redfern et al. [18] reported good 
results for MIPPO using closed, indirect reduction and contoured 
dynamic compression plates for distal tibial fractures [10,17,18].

Infection rates vary between 0 and 50% subsequent to operative 
management of distal tibial fractures [17-21]. The highest rate of 
infection was reported with conventional ORIF [22]. Infection rates 
in the MIPPO technique are better than in previously reported ORIF 
studies and are comparable to external fixation technique [17,20,21,23-
27]. A solemn decline in the rate of infection, especially deep infection 

has been observed in patients managed with MIPPO technique. None 
of our patient developed deep infection, however two patient developed 
superficial infection, which is comparable to the existing literature.

Although, mal-reduction and mal-union has been reported in 
literature with minimally invasive approaches, but is of less of concern 
in comparison to intramedullary nailing and external fixator [2]. This 
is also reflected in our study with only 2 (7.7%) patients having tibial 
mal-alignment of 5° of valgus and none of the patient developing 
significant recurvatum or pro-curvatum post-operatively and at union, 
which is in conformation with Maffulli et al. [28] and Khoury et al. 
[29]. This can be further minimized by accurately pre-contouring the 
plate or using the pre-contoured plates, making a mechanically stable 
construct byusing the technique wisely and fixing associated fibular 
fracture. However, the clinical impact of fixing associated fibular 
fractures when stabilizing distal tibial fractures remains indefinite. 
In our experience, fibular plating is a useful adjunct in the setting of 
significant metaphyseal comminution in which rotational and sagittal 
alignment may be difficult to maintain with plate alone.  We found that 
concurrent fibular fixation along with percutaneous plating is helpful 
in restoring length, alignment and indirect reduction of the tibial 
fracture in displaced and comminuted fractures.

Mean fracture healing was observed at 4.5 months (3.5-8 months). 
Our results were comparable to other studies using the MIPPO 
technique [10,17,28,29]. Comparing the results with other methods of 
fixation, our results are better in comparison with ORIF and external 
fixation [2-6,17,23]. However, Hasenboehler et al. [30] reported 
prolonged healing times with MIPPO technique in simple fracture 
patterns [30]. One patient in open fracture group developed delayed 
union. The fracture progressed to successful union at ten month post-
operatively.

Distal tibial plating by MIPPO technique provides rigid fixation, 
which obscures the routine use of plaster immobilization in 
postoperative period. This in turn allows early active ankle exercises. In 
our study, mean AOFAS score of 88 was noted at 14.3 months of mean 
follow-up. Our study also favors that ankle stiffness is not a problem 
in management of distal tibial fractures with MIPPO technique 
[17,28,29,31].

In terms of weight bearing, our results are comparable to Maffulli 
et al. [28], Khoury et al. [29], Bahari et al. [31], Redfern et al. [18] 
instructed full weight-bearing ambulation following clinical evaluation 
and the radiological appearance of callus formation [18]. Likewise in 
our study, non weight bearing ambulation was started on 3rd post-
operative day, progressing to partial weight bearing at 6 to 8 weeks 
(mean 6.2 weeks) and full weight bearing ambulation at 12 to 14 
weeks (mean 12.4 weeks) at clinico-radiological evidence of union. 
Ozkoc and Tandonan RN [32] reported that bone failure can be 
prevented by using plates in a manner by distributing stresses over a 
large area [32]. In current study, due care was taken to follow above 
observation which was reflected in our results also, with no case of 
bone or implant failure.

As already discussed none of our case had hardware failure, but 
plate impingement was of significant concern in four (14.3%) cases. 
None of our patient opted for hardware removal as plate impingement 
was not interfering with activities of daily living. Similar results were 
reported by Cheng et al. [33] whereby none of their cases also not 
opted for plate removal [33]. However a higher percentage of plate 
impingement was reported by Lau et al. [34] whereby 52% (25/48) of 

Figure 5c: Intra-operative photograph showing proximal and distal limited 
skin incisions. Distal incision is used to tunnel the LCP subcutaneously, 
while the proximal screws are for locking or cortical screws. Also note the 
compounding site (arrow head).

Figure 5d: Intra-operative fluoroscopic view showing completed procedure. 
A mechanically stable construct formed following judicious use of 
interfragmentary compression and locking screws.
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distal tibial fracture cases treated by MIPPO had the implants removed 
due to skin impingement. Plate impingement resulting in skin 
irritation problems could be related to the thin subcutaneous nature 
of distal tibia and suboptimal pre-contouring of plates. Furthermore, 
the residual malreduction also contributes to the imprecision of plate 
and bone contouring. Anterior knee pain is not an issue with MIPPO 
technique in comparison to intramedullary nailing [2,3].

One of the shortcomings of MIPPO is that it does not allow direct 
visualization of the fracture site and hence the operating surgeon is 
reliant on intra-operative fluoroscopy to confirm the reduction, plate 
insertion, insertion of drill guides and locking screws, thus increasing 
radiation exposures. To overcome the risk of radiation exposure, Rijal 
et al. [35] described a technique for minimizing radiation and incision 
with MIPPO (MRI-MIPPO) [35]. Author has used another plate of 
same length (plate over plate technique) for locating the locking holes 
with wires, so that all proximal and distal screws can be inserted with 
stab incision. In their study, 3–4 image intensifier views were required 
for completing the entire procedure.

To conclude, treatment of unstable distal tibial or pilon fractures 
remains challenging and is dictated by the fracture displacement, 
comminution, intra-articular extension and injury to the soft-tissue 
envelope. MIPPO is a well-documented technique that offers biological 
advantages and appears to be a reasonable treatment option for 
complex unstable distal tibial or pilon fractures that are not suited for 
intramedullary nailing. The literature is full of studies from developed 
nations, but studies from developing nations are lacking. Nevertheless 
small numbers of patients were involved in our study to draw any 
definitive conclusions, but our encouraging results will motivate the 
trauma surgeons from the developing nations to use MIPPO technique 
in managing distal tibial fractures, in an endeavor to reduce morbidity 
and associated complications, especially of the soft tissues.
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