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Abstract: Postraumatic rehabilitation represent a dynamic field, with specific protocols  and 
technics. Our prospective study targets the tibial pilon fractures admitted in our clinic, to which a 
new treatment protocol was applied, consisting of two surgical steps, assesing in the end the results 
achieved at the discharge of the patient and later follow up. The study group consist of 196 patients 
(198 fractures), in the period 2019-2022. The average evaluation time was of 16 months. The most 
frequently applied osteosynthesis principle was staged osteosynthesis which consisted of first stage 
fibula plate osteosynthesis and external fixator tibia pilon, followed by minimally invasive or 
limited approach locked plate tibia pilon fixation. (64.14%) Olerud and Molander clinical score at 
more than one year after the last surgical intervention highlights good results: excellent results in 
the amount of 37% to 15% in the first lot, good results 52% to 29%, moderate success 7% to 39% and 
poor 4% to 17%. Two stage surgery protocol with external fixation in emergency and minimally 
invasive internal fixation with locked plate performed after the dissappearance of the local edema, 
as the second surgical step, allows anatomically correct articular reconstruction without skin 
complications, with decrease of arthitic late complications. 
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1. Introduction 

Tibio-tarsal arthrosis is a frequent complication after articular fractures of the tibial 
pilon and lead to incongruency, deviation of the biomechanical axis, stiffness, and pain. 
Late mobility disfunction is corelated with the type of fracture, quality, and possibilities 
of osteosynthesis.  The optimal timing for definitive osteosynthesis, especially for the 
fracture which associates ischemic lesions of the soft tissues, was a debate theme in the 
literature. The aim of the damage control surgery is to avoid the complications which can 
appear after the surgical incision on a suffering tegument. Starting from these 
considerations, appeared the need of staged osteosynthesis, which respect the soft tissues 
healing after the occurring of the fracture [1,2,3]. 

The prospective study targets the tibial pilon fractures admitted in our clinic, to 
which a new treatment protocol was applied, consisting of two surgical steps, assessing 
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in the end the results achieved at the discharge of the patient and later follow up. This 
therapeutical algorithm follows a better preservation of soft tissue, allowing subsequent 
approach of joint fractures for an anatomical reconstruction and a stable osteosynthesis. 

2. Results 

 Demographic profile of the patients  related with age, number of male versus 
female, type of trauma or fractures are shown in Table 1. 

 

Table 1. Demographic profile of the patients 
 
AO – Arbeitsgemeinschaft Osteosynthesefragen = german fracture 
classification system 
Medium age 46.5 (19-83) 

Gender (male/female) 156/40 

Low energy trauma / high energy trauma 57/139 

Type 43 B (AO) / type 43 C (AO) 119 / 79 

Open fractures type I / II/ IIIA / III B 17 / 14 / 11 / 6 

 
The evaluation of joint fractures necessarily requires Xray and classical CT and, 

where possible, the use of three-dimensional reconstruction, which helped both to 
accurately diagnose and to achieve an appropriate and personalized therapeutic plan for 
each fractured type [4,5,6]. 

The therapeutic protocol applied in emergency aims to stabilize the bone, but 
especially the soft parts, its purpose being to limit the risk of local skin complications. 
The principles of treatment of soft parts will be differentiated according to the initial 
traumatic energy (Table 1), but especially according to the condition of the skin, in the 
case of open fractures applying the classical principles of therapeutic approach: 
mechanical, chemical, and surgical toilet [7,8,9]. 

 
Table 2. Bone stabilization in emergency 

AO classification Plaster 
cast 

External 
fixator 

External fixator + plate 
osteosynthesis of peroneus 

B – 119 cases 46 2 71 
C – 79 cases 0 5 74 

Definitive osteosynthesis 
Single stage osteosynthesis 46 23.24 % 
Two stage osteosynthesis 127 64.14 % 
External fixator 25 12.62 % 

 

The preferred emergency bone stabilization method consists of osteosynthesis of 
fibula fracture with plate and screws, followed by external osteosynthesis of the tibia (130 
cases). Subsequently, when the local condition allows, sequential osteosynthesis of the 
tibia is performed (after extraction of the external fixator) (Table 2). 

Two types of approaches were used to achieve locking plate osteosynthesis: the 
Assal modified antero-medial approach and the anterolateral approach. The decision 
between the two approaches depends on the typology of the fracture, and minimizing or 
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extending the approach depends on the quality of the initial fracture reduction, achieved 
in the first stage [10,11,12]. 

The antero-medial approach modified by Assal allows a good visualization of the 
anterior and medial aspects of the tibial pilon, but also sufficiently good of the lateral 
distal tibial metaphysis and even of the lateral articular surface. The visualization of the 
articular surface is excellent and the approach allows easy fixation of the “L” shaped 
plate [13,14]. 

We notice and monithorize the complications in the postoperative recovery, and the 
centralized clinical situation are shown in Table 3. 

 
Table 3 Late complications Number % 
Stiffness  42 21.21 
Neuroalgodistrophy 18 9.1 
Chronic oedema 8 4 
Delay of consolidation 6 3 
Vicious callus 7 3.5 
Pseudarthrosis 2 1 
Arthrosis 25 12.6 
Refracture 2 1 

 
At least 1-year, clinical evaluation based on Olerud and Molander score, Ovadia and 

Beals score and radiological evaluation of osteoarthritis changes based on Kellgren and 
Lawrence score were performed (Table 4). 

 
Table 4 Olerud and Molander clinical score by fractured type AO 

Results Excellent Good  Moderate Poor Total 
Fr. type B 50 (42%) 65 (55%) 3 (2%) 1 (1%) 119 
Fr. type C 24 (30%) 38 (48%) 11 (14%) 6 (8%) 79 
Casuistry 74 (37%) 103 (52%) 14 (7%) 7 (4%) 198 

 
Late results according to Ovadia and Beals criterion at 1 year 

postsurgery 
Results Objective Subjective 
Excellent 105 53% 73 37% 
Good 76 38% 87 44% 
Satisfactory 11 6% 31 16% 
Poor 6 3% 7 3% 

 
Kellgren and Lawrence radiologic score for arthrosis evaluation 

according AO fracture after 1 year 
Grade 1 2 3 4 Total 
Type B 65 47 6 1 119 
Type C 30 25 19 5 79 
Cazuisttry 95 72 25 6 198 
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Evolution of representative cases  are represented in Figures 1, 2 and 3. 

 
Figure 1. Staged osteosynthesis type C fracture 

 
Figure 2 Staged osteosynthesis type C fracture, minimal invasive plate osteosynthesis 

 in second surgical time 

  

 
Figure 3. Bilateral fractures type C, staged osteosynthesis right tibial pilon,  

arthrodesis left tibial pilon. 
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3. Discussion 
The most frequently applied principle of osteosynthesis was staged osteosynthesis 

which consisted of the first stage of osteosynthesis of the fibula with plate and 
osteosynthesis of the tibial pilon with external fixator, followed by minimally invasive 
osteosynthesis or limited open approach with locking plate of the tibial pilon (64.14%). 

The therapeutic protocol aims in the first stage the osteosynthesis of the peroneal 
fracture, with the restoration of the length of the fibula, when it is fractured and the 
stabilization of the tibial pilon fracture with an external delta fixator, followed in the 
second operative time, moment chosen depending on the condition of the soft parts, the 
osteosynthesis of the pilon by minimally invasive approach or by the limited approach of 
the fracture site and stabilization with locking plate. During the second stage, the location 
of the surgical approach and the type of implant used were dictated by the location of the 
skin lesions, which was predominant on the medial slope, which led to the avoidance of 
this area [15,16]. 

The goal of osteosynthesis by minimally invasive approach or limited open approach 
in the treatment of tibial pilon fractures is to reduce the rate of infections and increase bone 
healing capacity. This technique prioritizes bone biology over classical mechanical 
principles of wide opening and solid rigid fixation. Using this method, the fractured area 
is not exposed or is minimally exposed, and periosteal vascularization of bone fragments 
is not additionally injured during osteosynthesis [17]. 

Because we avoided applying plate on the antero-internal slope due to the high risk 
of subsequent skin lesions, the preferred plate in our study was the "L" shape. Except that 
the locking plates provide superior stability to simple plates and are already anatomically 
shaped facilitating the insertion and reducing the fracture site, another major advantage is 
the "biology" favorable to bone consolidation of these implants, by preserving periosteal 
vascularization [18,19,20,21]. 

In one case of fracture type III Gustilo, due to severe comminution, the possibilities of 
joint reconstruction were overcome, which required ankle arthrodesis with retrograde nail. 
Primary ankle arthrodesis is a therapeutic option to be considered for tibial pilon fractures 
where joint reconstruction seems impossible, type 43 C3 AO. The criteria underlying this 
decision are: the surface area and amount of missing joint bone, the severity and quantity 
of the comminution and the degree and surface of clogged bone [22,23,24]. 

The average consolidation period, radiologically objectified by the appearance of 
bridged callus, the disappearance of fracture lines and clinically by the lack of movements 
in the focus or pain when loading the limb, was 3.6 months. The loading on the operated 
limb was started progressively, not earlier than 6 weeks postoperatively, being complete 
only after radiological consolidation of the fracture. All patients were referred to the 
functional recoveries and balneophysiotherapy clinic to follow a specialized program of 
functional joint rehabilitation and socioprofessional reintegration.  

All cases of pseudartrosis were reported after open fractures type III. The delay in 
consolidation was reported in 8.3% of the open fracture group versus 1.4% of the closed 
fracture group.  

The percentage of late complications increases in direct proportion to the degree of 
comminution joint involvement according to AO fracture classifications. In the case of type 
B AO fractures, stiffness is encountered in 7.5% of cases, chronic edema in 1.6%, and 
neuroalgodystrophy in 1.6% of cases, while in the case of type C AO fractures these 
percentages are practically much higher, most complications being encountered in this 
category: stiffness 41.7%, neuroalgodystrophy 20.2%, chronic edema 7.6%. The causes are 
those already mentioned: increasing the complexity of the fractured site, limiting the 
possibilities of reconstruction and prolonging the period of immobilization of the joint. 
Consolidation delay, vicious callus and pseudarthrosis are absent in type B fractures but 
occur in type C fractures in proportions of 7.6%, 8.8% and 2.5%, respectively. Arthrosis 
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occurs in a small percentage of 3.3% in type B fractures, due to the real possibilities of 
anatomical reconstruction, but we notice it in a significant percentage of 26.6% in type C 
fractures, where severe joint cominution makes joint reconstruction difficult, with 
subsequent unfavorable prognosis.  

From the evaluation of late complications from the point of view of the chosen 
osteosynthesis method, we note that minimally invasive internal osteosynthesis was 
associated with the lowest rate of complications: stiffness 8.65%, consolidation delay 1.2% 
and refraction with implant rupture 1.2%.  

The Olerud and Molander clinical score more than 1 year after the last surgery 
highlights: excellent results in proportion of 37%, good results 52%, moderate results 7% 
and poor results 4%. These results are also reflected in the favorable average values of the 
plantar / dorsal flexion interval of the ankle for the group, obtained by goniometric 
measurement of the ankle, when we have radiological image of consolidation and it is 
possible to fully load the operated limb: 46⁰ / 18⁰ for type B fractures and 33⁰ / 13⁰ for type 
C fractures. 

The Ovadia and Beals criteria highlight excellent and good objective results in 91% of 
cases, satisfactory and poor objective results were in 9% of casuistry, and excellent and 
good subjective results were 81%, while satisfactory and poor results were in 19% of cases.  
Once again, favorable results are inversely proportional to fractured injury graduality 
according to the two classifications, as with the Olerud and Molander score, with the 
percentage of poor outcomes increasing with the fractured graduated type. The Ovadia 
and Beals criteria, both objective and subjective, highlight the efficiency of the applied 
therapeutic protocol, noting excellent and good results obtained in high percentages, 
including in the case of type C AO fractures [25]. 

Patients who performed excellent or good on objective assessment invariably also 
show excellent or good results in clinical evaluation of results according to the Olerud and 
Molander score. In contrast, patients who performed moderately or poorly on objective 
assessment may have satisfactory clinical outcomes. Thus, a moderate functional 
limitation and minimal axial deviation of the limb with shortening, do not exclude the 
possibility of a good clinical outcome. The most important factors affecting the final clinical 
outcomes are the fractured type, the method of osteosynthesis applied and the quality of 
reduction. 

Comparing the results of our study with the results of 6 other studies in the literature 
on tibial pilon fractures, we can appreciate that the results obtained after evaluating the 
group are very good, approximately equal to those obtained by Heim's study, which had 
the fewest complications. It is important to note that the favorable results obtained by 
Heim through his study were disputed because fractures were mostly caused by low and 
medium energy trauma, without significant soft injuries or severe open fractures, which 
implicitly led to an uncomplicated evolution. This makes our prospective study more 
valuable because it included a significant number of cases. A significant part of the 
casuistry were fractures produced by high energy, open fractures type III Gustilo-
Anderson, type C AO which are difficult to treat in terms of immediate and late local 
complications. Among the studies in the literature that had series of open fractures of the 
tibial pilon and reported percentage late infection, we mention: Ovadia and Beals 7%, 
Teeny and Wiss 37%, Sands et al. 5%. It should be noted that these studies also had closed 
fractures in the group, so the proportion reported is not correct in terms of the number of 
open fractures. The only study that makes a strict reference to the number of open fractures 
type IIIB is that of Conroy et al. who report a percentage of 6% of the group, an important 
study to appreciate being about 32 serious open fractures [26,27,28,29].  

The principles of "damage control surgery" must necessarily underpin the therapeutic 
management of tibial pilon fractures. Two-stage osteosynthesis led to a decrease in the rate 
of use of soft tissue plasty, especially in type III fractures. 
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Anatomical reconstruction of the joint surface and rapid mobilization of the ankle are 
the key factors for a successful evolution, while fracture severity, high comminution and 
inability to achieve anatomical reduction are the causes of unfavorable results. 

Functional outcomes are directly influenced by the severity of fracture joint and 
severity of skin opening. The severity of radiological arthrosis in the case of tibial pilon 
fractures does not always correspond to objective or subjective clinical results, being a 
well-tolerated arthrosis clinically and functionally, this drawing attention once again to 
the fact that the decision to choose arthrodesis as the definitive primary method of 
treatment must be very well appreciated. 

Patients who have had moderate or poor results on objective assessment may have 
satisfactory clinical outcomes. Thus, a moderate functional limitation and minimal axial 
deviation of the limb with shortening, do not exclude the possibility of a good clinical 
outcome. The most important factors affecting the final clinical results are the fracture 
type, the method of osteosynthesis applied and the quality of joint fracture reconstruction. 

4. Materials and Methods 
This study comprises all the tibial pilon fractures admitted and treated in the 

Orthopaedics and Traumatology Clinic of Clinical Emergency Hospital of Constanta, in 4 
year’s time. The study group was a prospective batch of 196 patients (198 fractures), in the 
period 2019-2022. 

Inclusion criteria – distal tibia intra-articular fractures 
Exclusion criteria - non-intra-articular distal tibia fractures 

- tibial malleolus fractures 
1. The statistical analysis of the batch was performed on the following criteria: sex, 

age, etiology, fracture site aspect in AO-Muller classification, soft tissue quality in 
Cauchoix-Gustilo-Anderson classification. 

2. Analysis of immediate complications compared to the traumatic energy 
3. Evaluation of the emergency and final therapeutical protocol. 
4. Analysis of the long-run results: Olerud and Molander clinical score. 

5. Conclusions 
Staged osteosynthesis of tibial pilon fractures allows optimisitation of soft tissue 

management and joint anatomical reconstruction during the second surgical stage. 
Minimally invasive internal osteosynthesis or limited open approach with locking plate, 
performed after the disappearance of local edema, in the second surgical stage, allows 
joint anatomical reconstruction without skin complications, with the decrease of 
osteoarthritis-type complications, definitive stable osteosynthesis with prevention of 
consolidation delay and pseudarthrosis, and finally, avoiding of late infection. The 
therapeutical protocol we applied leaded to a good functional recovery. 
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