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ABSTRACT

Background: Pilon fractures remain among the most
frequent articular fractures, often secondary to a
high-energy trauma, associated in the majority of cas-
es with other bone lesions (fracture of the external
malleolus and the dome of the talus). Thus, the soft
tissue lining (thin and fragile) surrounding the distal
leg may be open in open fractures or may be the site
of suffering. the extent of which may vary in the case
of a closed fracture, constituting in both cases a fac-
tor that will condition the choice of treatment, which
must in all cases respect the state of the skin and not

aggravate suffering that has already occurred.

Materials and methods: We present in this work our
experience with a series of 57 cases admitted be-
tween 2013 and 2023 in our trauma department for
the management of a pilon fracture, in which differ-
ent therapeutic attitudes were adopted (minimally os-
teosynthesis, internal plate osteosynthesis, external
osteosynthesis, orthopedic treatment). This period of
10 years allowed us to have a medium and long-term
follow-up of our patients recorded on our own com-

puterized medical record system.

INTRODUCTION

Tibial pilon fractures are fractures in which the line is located in
the metaphyseal and epiphyseal region of the lower end of the
tibia. The degree of complexity of the fracture, the involvement
of the articular surface and the condition of the skin opposite de-
termine the degree of complexity of management of this type of
fracture, as well as the prognosis of these fractures (Plaweski S,
et al., 1999). Pilon fractures are due in the majority of cases to a
high-energy trauma (road accident remains the first etiology in
Morocco).

The mechanism essentially associates an axial compression force
with accessory forces (dorsal or plantar hyperflexion, adduction
or forced abduction); all of which result in depression at the point
of impact and associated lesions (fracture of the external malle-
olus, the talus, skin lesions, etc.).

Pilon fractures are among the therapeutic emergencies that must
be managed as soon as possible before the aggravation of skin
damage that is characterized by evolutivity even in case of im-
mobilization of the fracture (Plaweski S, et al., 1999). Therefore,
taking into account the different factors (the skin condition of the
distal quarter of the leg, the complexity of the fracture and the as-
sociated lesions), does minimally closed osteosynthesis solve the
problem by allowing both a satisfactory reduction and stabiliza-
tion of the fracture without opening up or aggravating an already
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Results: This study allowed us to open our minds to
other surgical techniques, in particular minimal osteo-
synthesis for the management of pilon fractures. In-
deed, this technique applied in 45.6% of our patients,
allowed us to obtain very good results (84.5% of the
fractures were consolidated after an average of 4
months). In terms of the quality of the bone reduction
and the restoration of the articular surface, as well as
in terms of function and complications (0% of mate-
rial infection, 0% of skin necrosis and 0% of septic
pseudarthrosis).

Conclusion: The condition of the skin opposite the
tibial pilon, whether open or in pain, is an imperative
condition for the choice of therapeutic method, which
gives considerable value and place to minimally inva-
sive osteosynthesis, especially when it allows intra-
operative good bone reduction and good reconstruc-
tion of the articular surface.
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existing skin condition.

CASE PRESENTATION

In this work, we report the experience of the trauma and ortho-
pedics department at the Mohammed VI University Hospital in
Oujda, with a series of 57 patients admitted to the department for
management of a tibial pilon fracture. 26 cases were treated with
minimal osteosynthesis (pinning and/or percutaneous screwing),
protected by an external fixator or a plaster cast. Moreover, 18
cases were treated with internal plate osteosynthesis, while 8 cases
were treated with an isolated external fixator and five cases with
orthopedic therapy.

All patients had a complete clinical examination with a standard
radiograph of the ankle in front and side view along with a radio-
graph of the homolateral knee in front and side view. Thus, 70%
of the cases had a scanner of the ankle with three-dimensional
reconstruction. For therapeutic management, all patients were
treated surgically and were operated with spinal anesthesia. For
the 26 cases treated by minimal osteosynthesis, they underwent
reduction under fluoroscopic control by external maneuvers
(traction in the axis associated with rotational movements). The
reduction obtained was maintained by percutaneous screwing
(associated in 60% of the cases with pinning on demand). This
minimal osteosynthesis was protected by an external fixator in
30% of the cases, and by a posterior plaster splint in 70% of the
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cases. For the 18 patients treated with internal osteosynthesis, the focus
was approached anterointernal with open fracture reduction and stabil-
ization of the reduction with a trefoil plate. For the eight patients treated
with external fixators, a full-frame Hofmann fixator was used, positioned
between tibia and calcaneus. A standard postoperative radiograph of the
ankle in the front and side view checked the fixation.

RESULTS

A minimum follow-up of 1 year for all cases was obtained, based on our
own computerized medical record system. 57 patients were evaluated after
a mean period of 73 months (15 to 132 months). In terms of gender, 74%
of the patients were male and 26% were female. 80% of the patients were
admitted as a result of road accidents, 90% of which were motorcycle ac-
cidents.

In our series, 74% of the fractures were closed fractures, for which the de-
gree of skin damage was assessed by the Tscherne classification (59.5%:
Stage 0, 33.3%: Stage 1 and 7.2%: Stage 2). Similarly 26% of the cases were
having a skin opening, for which the degree of damage was assessed by the
Cauchoix and Duparc classification and the Gustilo classification (33.3%:
Stage 3, 53.3%: Stage 2 and 13.4%: Stage 1).

For the radiological assessment, all patients had a standard radiograph of
the ankle in front and side view with front and side view of the homolateral
knee. In our patients, 74% of the tibial pilon fractures were associated with
a fracture on the lateral malleolus. Different types of fractures were classi-
fied according to the AO classification (Figure I).

In the series of 26 cases treated with minimally invasive osteosynthesis,
anatomical reduction of the fracture site and the tibiotalar articular surface
was achieved in 50% of the cases while perfect reduction was not achieved
in 41% of the cases but the set-up allowed contact between the edges on
either side of the fracture site. More than 70% of reduction was accepted,
with reconstruction of a correct tibiotalar articular surface (Figures 2 and
3). Thus, in this series of patients treated by minimal osteosynthesis, 84%
had consolidation of the pilon after an average of 4 months after the oper-
ation (Figure 4). Thus, there were no cases of material infection or pseud-
arthrosis of septic origin, nor of skin necrosis (Figure 5).

distribution of the various types of
fractures as classified by the AO

Figure 1: Distribution of the various types of fractures as classified

by the AO classification
Note: (®): A1; (™): A2; (¥): A3; (™): B1;(™): B2; ("): B3; (®): C1;
(W): C2; (®):C3
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Figure 2: (A) Initial view; (B) With initial radiographs in frontal;
(C) Lateral view; (D) Postoperative clinical appearance; (E) Postop-
erative radiographic control in frontal view; (F) Lateral view

Figure 3: (A) Initial radiographic appearance in frontal view; (B)
Lateral view; (C) After immediate postoperative radiographic con-
trol in frontal view; (D) Lateral view; (E) With radiographic control
after 5 months in frontal; (F) Lateral view
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Figure 4: (A) Initial radiographic appearance in front view; (B)
Profile view; (D) with axial section of the CT scan passing through
the distal tibial epiphysis; (E) with immediate postoperative radio-
graphic control in front view; (F) Profile view; (G) with control after
8 months in front view; (H) Profile view

the evolution of patients treated with
minimally invasive osteosynthesis

Figure 5: Chart showing the evolution of the 26 cases treated by
minimal osteosynthesis, with the various complications noted
Note: (™ ): Consolidation after an average of 4 months; (™ ): Recov-
ery by plate after improvement of the skin condition; (®): Mechan-
ical psuedarthrosis

For the evolution of 18 cases treated by internal plate osteosynthesis, 55.5%
had consolidation. After an average duration of 4 months (Figure 6), we
had complications among which 4 cases were sepsis on material including
3 cases of septic pseudarthrosis and these 3 cases of septic pseudarthrosis
benefited from a two-stage management according to the technique de-
scribed by Masquelet (induced membrane technique). Figures 7-9, show
the evolution of a case of septic pseudarthrosis that was managed accord-
ing to the Masquelet technique.

In the series of eight patients treated with a definitive external fixator, bone
consolidation was achieved after an average of 4 months (Figure 10). Thus,
five cases with non-displaced tibial pilon fractures were treated with ortho-
pedic immobilization using a circular plaster cast for a period of 6 weeks
(knee release after 3 weeks). The functional outcome of the four series of
patients included in this study was evaluated by the AOFAS (the American
Orthopedics Foot and Ankle Score) (Figures 11 and 12).
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Figure 6: Initial radiological aspect in front view (A) Profile view;
(B) with postoperative radiographic control in front view; (C) Pro-
file view; (D) With radiographic control after 1 year in front view
(E); Profile view (F)

Figure 7: With initial radiographic appearance in frontal (A) Lat-
eral view; (B) Initial view; (C) Postoperative view; (D) Immediate
postoperative radiographic control in frontal; (E) Lateral view; (F)
Clinical appearance
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Figure 8: The first stage of Masquelet; (A1) The local state objecti- Figure 10: (A) Initial radiographic appearance in front view; (B)
fying the importance of the loss of bone substance filled by physi- Profile view; (C) With control radiography after 3 months in front
ological cement; (A2) With immediate postoperative radiographic view; (D) Profile view
control in front view; (A3) Profile view. th t lk t‘\‘
The second stage of Masquelet; (B1) The local state after removal of AOFAS Ankle-Hindfoot Scale Oortnotoo0lKk1
the cement with the induced membrane; (B2) With the loss of bone Pationt Name:
: _ - T - Patient MRN:
substance filled by the cortico-spongy graft, with postoperative ra Patie
diographic control in front view; (B3) Profile view ) ) ) ) ) )
1. Pain (40 points) Sagittal motion (flexion plus 1)
[[INone +40 | [[JNormal or mild restriction (30° or 8
| C1Mild, occasional +30 more)
[[1Moderate, daily +20 | {[JModerate restriction (15° - 29°) +4
[]Severe, almost always present +0 | [[JSevere restriction (less than 15°) +0
1L Function (50 points) Hindfoot motion (inversion plus eversion)
Activity limitations, support requirements [INormal or mild restriction (75% -
[]No limitations, no support +10 100% normal) 6
[]No limitation of daily activities, [JModerate restriction (25% - 74%
limitations of recreational activities, | +7 normal) +3
no support [JMarked restriction (less than 25% of 0
[ Limited daily and recreational 4 normal) *
activities, cane
[ Severe limitation of daily and Ankle-hindfoot stability (anteroposterior,
recreational activities, walker, +0 | varus-valgus)
crutches, wheelchair, brace [[Istable [ +8]
[[Definitelyunstable [ +0]
_Maximum walking distance, blocks
_; Greater than six +5 111. Aljj (10 points)
[ Four-six +4 | [[JGood, plantigrade foot, ankle-hindfoot +10
One-three +2 well aligned
[]Less than one +0 | [[JFair, plantigrade foot, some degree of
ankle-hindfoot malalignment +5
Walking surfaces observed, no symptoms
No difficulty on any surface +5 | [[JPoor, nonplantigrade foot, severe 0
[J Some difficulty on uneven terrain, +3 lali p
stairs, inclines, ladders
[]Severe difficulty on uneven terrain, +0 V. Total Score (100 points):
stairs, inclines, ladders ______PainPoints +
____ Function Points +
_Gait abnormality ___ Alignment Points =
[[]None, slight +8
Obvious +4
Marked +0 Total Points/100 points

© American Orthopaedic Foot and Ankle Society, Inc. The tools listed on this website do not substitute
for the informed opinion of a licensed physician or other health care provider. All scores should be re-
checked. Please see our full Terms of Use.

Figure 9: Radiographic control in front view (A); In profile (B) After Figure 11: Different criteria included in the score used for the evalu-
6 months of the second Masquelet stage ation of the functional results
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Functional results evaluated by the AOFAS score
according to the therapeutic technique used

88

87

875

85.4
84.3

minimally invasive internal osteosynthesis external osteosynthesis  series of patients treated
osteosynthesis series series series orthopedically

Figure 12: The average values of the AOFAS score for each series of
patients

DISCUSSION

Despite the progress that has revolutionized trauma and orthopedic sur-
gery (in terms of diagnostic, therapeutic, physical therapy, and postopera-
tive rehabilitation, which will determine the outcome of the treatment),
pilon fractures are still the most difficult joint fractures to treat. This diffi-
culty is linked not only to the epiphyseal location of this type of fracture,
with all the problems encountered in reconstructing the articular surface,
which in most cases evolves into osteoarthritis but also to the soft tissue
representing the envelope of the distal leg, which is thin and fragile. It gen-
erally suffers significantly in the majority of distal tibia fractures, and deter-
mines the therapeutic method, which must never aggravate this suffering
(Plaweski S, et al., 1999). Thus, the degree of complexity of the fracture and
the associated bony lesions (fracture of the lateral malleolus and the talus)
guide the choice of the therapeutic attitude, which must ensure a normal
axis and languor and eliminate all rotation disorders. All the factors in-
volved in the management of pilon fractures constitute a challenge for the
surgeon who must ensure a reduction with the most anatomical recon-
struction possible for the tibiotalar articular surface without aggravating
skin suffering. Moreover, for this, the surgeon will be obliged to initiate ex-
ternal fixation whenever possible with or without minimal osteosynthesis
depending on the type of fracture. Osteosynthesis of the pilon is not an
easy task from a technical point of view for the surgeon and it depends on
the experience and habit of the surgeon, who must in all cases put before
him or her all the possible therapeutic modalities, and must take into ac-
count all the factors involved in the choice of therapy, in particularly about
the condition of the skin.

In this work, we reviewed the history of our service with these fractures,
in front of which we adopted different surgical techniques (external fixa-
tion, internal osteosynthesis by plate, minimal osteosynthesis, orthopedic
treatment), this review allowed us to evaluate and compare the results ob-
tained for each technique. Indeed, this study has shown the importance
of minimally invasive osteosynthesis of pilon fractures, especially complex
fractures and fractures with significant skin damage. This has been prov-
en to obtain excellent results in patients benefiting from this therapeutic
attitude. In this series of 26 cases treated by minimal osteosynthesis (per-
cutaneous screwing and/or percutaneous pinning protected by a plaster
cast or external fixator), the technique respects the fragile skin envelope of
the ankle, and the challenge of not aggravating skin damage (0% skin ne-
crosis). Thus, the local skin condition of all patients evolved very favorably
after an average of two weeks postoperatively, allowing open revision only
in two cases with significant bone loss requiring a graft with stabilization
by tibial pilon plate.

Thus in this series, there were only two cases of mechanical pseudarthrosis
treated with minimal osteosynthesis, as opposed to three cases of septic
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pseudarthrosis treated with internal osteosynthesis. The rate of pseudarth-
rosis reported in the published series is variable. Bastias C, et al., 2014 did
not note any pseudarthrosis when using internal osteosynthesis. On the
other hand, Pugh KJ, et al., 1999 obtained a significantly higher number
of pseudarthrosis in his patients treated with external fixators compared to
those treated with internal osteosynthesis. Also, there were no cases of pos-
toperative infection in the 26 patients treated with minimal osteosynthesis,
compared with three cases of material infection treated with internal plate
osteosynthesis. A study of a series of 36 patients with pilon fractures treat-
ed with combined internal and external fixation which revealed a rate of
8% of septic complications (Tornetta III P, et al., 1993; Salton HL, et al.,
2007). Another series of 127 cases of tibial pilon fractures treated with ex-
ternal fixation with minimal fixation revealed a rate of 0%-4% of infectious
complications (Kim HS, et al., 1997; Endres T, et al., 2004; Kapoor SK, et
al., 2010; Bacon S, et al., 2008; Gaudinez RE, et al., 1996), and it still con-
firms the advantage of the closed focus which always gives a lower rate of
septic complication than the open focus.

From a functional standpoint, the best result was obtained with minimal
osteosynthesis (mean AOFAS score 86.2) in our series, compared with
other surgical techniques for the management of pilon fractures. These re-
sults are consistent with the results found in the literature. Encinas-Ullan
CA, et al., 2013 found a mean AOFAS score of 84.9 points, Bastias C, et al.,
2014 had a mean score of 89, and Kao KE et al., 2000 also obtained a mean
score of 87.3.

CONCLUSION

Overall, this study has allowed us to open our minds to other surgical tech-
niques, in particularly minimal osteosynthesis for the management of tibial
pilon fractures. Indeed, this technique deserves its place because it respects
the soft tissues that are the site of suffering in almost all pilon fractures, and
thus allows for one-step management without waiting for improvement
in the skin condition. It is also the method of recovery in countries where
there are no means to adopt an adequate therapeutic method.

The condition of the skin opposite the tibial pilon, whether open or in pain,
is an imperative condition for the choice of therapeutic method, which
gives considerable value and place to minimally invasive osteosynthesis,
especially when it allows intraoperative good bone reduction and good re-
construction of the articular surface.
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