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A strategy for the one-stage treatment of open Pilon fractures 
based on an accelerated rehabilitation surgical concept
Una estrategia para el tratamiento en una sola etapa de las fracturas de pilón abiertas 
basada en un concepto quirúrgico de rehabilitación acelerada

Jianchuan Wang, Zongpu Wan, and Xiaowei Ma*
Department of Orthopedics, Affiliated Zhongshan Hospital of Dalian University, Liaoning, Dalian, China

Abstract

Objective: The objective of the study was to study the strategy of one-stage emergency treatment of open Pilon fracture with 
the concept of accelerated rehabilitation surgery. Methods: The data of 18 patients with open Pilon fracture treated by first-stage 
emergency debridement, fracture internal fixation, bone grafting, negative pressure closed drainage covering the wound, leg inci-
sion reduction, and second-stage skin grafting or flap transfer in the Department of Orthopedics of our hospital from January 2014 
to December 2018 were retrospectively analyzed. Joint surface reduction was evaluated by radiological evaluation criteria such 
as Burwell-Charnley, fracture healing quality was evaluated by Merchant score, and ankle joint function was evaluated by Tornetta 
and other criteria at the last follow-up. Results: All 18 patients were followed up, and the anatomical reduction rate was 94% 
(17/18) according to radiological evaluation criteria such as Burwell-Charnley. According to Merchant scoring criteria, the fracture 
healing rate was 83.3% (15/18). At the last follow-up, the ankle function was evaluated according to Tornetta and other criteria, 
and the excellent rate was 88.9% (16/18). Conclusions: Using the concept of accelerated rehabilitation surgery to treat open 
Pilon fractures in the first emergency can effectively avoid soft-tissue complications and is an effective treatment strategy.

Keywords: Open Pilon fracture. Emergency incisional reduction and internal fixation. Vacuum sealing drainage. Accelerated 
rehabilitation surgery.

Resumen

Objetivo: Estudiar la estrategia de tratamiento de emergencia en una sola etapa de la fractura abierta de pilón con el concepto 
de cirugía de rehabilitación acelerada. Métodos: Se analizaron retrospectivamente los datos de 18 pacientes con fractura 
abierta de pilón tratados en primera etapa con desbridamiento de emergencia, fijación interna de fractura, injerto óseo, drenaje 
cerrado a presión negativa cubriendo la herida, reducción de la incisión de la pierna y transferencia de injerto de piel en una 
segunda etapa o colgajo, en el servicio de ortopedia de nuestro hospital, de enero de 2014 a diciembre de 2018. La reducción 
de la superficie articular se evaluó por criterios de evaluación radiológica como Burwell-Charnley, la calidad de la cicatriz de 
la fractura se evaluó por la puntuación de Merchant y la función articular del tobillo se evaluó según Tornetta y otros criterios 
en el último seguimiento. Resultados: Se realizó seguimiento a los 18 pacientes, con una tasa de reducción anatómica del 
94% (17/18) según los criterios de evaluación radiológica Burwell-Charnley. Según los criterios de Merchant, la tasa de cura-
ción de la fractura fue del 83.3% (15/18). En el último seguimiento, la función del tobillo fue evaluada de acuerdo con Tornetta 
y otros criterios, y fue excelente en el 88.9% (16/18). Conclusiones: El uso del concepto de cirugía de rehabilitación acelerada 
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Introduction

Pilon fractures, involving the lower shinbone (tibia) 
near the ankle joint, are the most complex fractures in 
foot and ankle injuries. Caused by high-impact events, 
they account for a small portion (1%) of all lower leg 
fractures but a significant number (7-10%) of tibia frac-
tures1. The tibia’s minimal soft-tissue covering makes 
these fractures prone to severe soft-tissue damage 
and instability (10-30% are open fractures, often 
accompanied by fibula fractures)2. Despite significant 
developments in the treatment of these fractures in 
recent years, a staged approach with initial external 
fixation followed by internal fixation after soft-tissue 
healing remains common, especially for severe frac-
tures (AO/OTA type  C). However, this approach can 
lead to lengthy hospital stays, external fixation loosen-
ing, increased infection risk, and delayed surgery hin-
dering proper bone alignment3. Open Pilon fractures 
present a treatment dilemma. While there is no con-
sensus on urgent fracture fixation, early wound 
debridement and fracture stability maintenance are 
crucial4. This study explores the effectiveness of a 
one-stage surgical approach for open Pilon fractures, 
building on the concept of accelerated rehabilitation 
surgery. This technique combines emergency debride-
ment, internal fixation, bone grafting, and Vacuum-
assisted closure therapy (VSD) with drainage in a 
single surgery, potentially minimizing complications 
associated with staged procedures. We retrospectively 
analyzed 18 open Pilon fracture patients treated at our 
hospital’s Department of Traumatology and Orthope-
dics between January 2014 and December 2018. The 
aim was to evaluate the clinical efficacy of this one-
stage surgical strategy.

Methods

Inclusion and exclusion criteria

Inclusion criteria

–	 Unilateral open Pilon fracture with time of injury 
≤ 6 h;

–	 Combined with ipsilateral lower fibula fracture;
–	 Patients underwent emergency one-stage de-

bridement, incision and internal fixation, reduc-
tion of the calf incision, and negative-pressure 
closure and drainage; and

–	 Complete clinical data with more than 1  year 
of follow-up.

Exclusion criteria

–	 Multiple injuries, combined with other fractures 
of the foot and ankle;

–	 Closed Pilon fracture, Gustilo III C;
–	 Pathologic fracture; and
–	 Poor physical condition, inability to tolerate emer-

gency surgery, or incomplete follow-up data.

General information

Eighteen patients admitted to our Department of 
Traumatology and Orthopedics between January 2014 
and December 2018 with open Pilon fractures were 
retrospectively analyzed according to the inclusion 
criteria. These patients included 14  males and 
4 females, with ages ranging from 24 to 58 years old 
(average 40.2  years). All fractures were fresh and 
combined with ipsilateral lower fibula fractures. The 
causes of injury were: car accident (6 cases), fall from 
height (8 cases), and heavy object smash (4 cases). 
Gustilo fracture classification revealed: 3 type  I, 4 
type II, 6 type IIIA, and 5 type IIIB fractures. OA/ATO 
fracture classification identified 8 type  43-B and 10 
type 43-C fractures. Ruedi-Allgower typing showed 6 
type II and 12 type III fractures (Table 1). Preoperative 
workup routinely included frontal and lateral X-rays, 
CT scan, and three-dimensional reconstruction of the 
affected ankle joint.

Surgical techniques

Upon admission, patients received cefoperazone 
sulbactam sodium sedation followed by a quick physi-
cal examination. General anesthesia was adminis-
tered in the operating room. Patients were positioned 

para tratar fracturas abiertas de pilón en la primera emergencia puede evitar eficazmente las complicaciones de los tejidos 
blandos y es una estrategia de tratamiento eficaz.

Palabras clave: Fractura abierta de pilón. Reducción incisional de emergencia y fijación interna. Drenaje sellado al vacío. 
Cirugía de rehabilitación acelerada.
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supine on the healthy side. The wound was thoroughly 
debrided after initial evaluation of soft tissue damage 
and contamination. This debridement involved using 
soap, water, hydrogen peroxide, saline, and iodine 
volts to clean the trauma, remove contaminants, and 
deactivate devitalized soft tissues. Large bone frag-
ments with blood flow were preserved for potential 
repair.

After initial debridement, the surgical field was dis-
infected with a surgical sheet. The original trauma site 
was extended, and further debridement was per-
formed to eliminate contaminants and bone fragments 
from the bone surface. The fracture ends were again 
irrigated with hydrogen peroxide, iodine, and a large 
amount of saline. Gloves and instruments were 
changed, and the surgical procedure continued 
according to the preoperative plan.

The first incision was made posterolaterally on the 
fibula, followed by anatomical reduction and strong 
internal fixation. A straight incision was made on the 
anterolateral aspect of the tibial crest to access and 
examine the distal tibial articular surface. The crushed 
four-column cortex of the distal tibia was addressed 
(Fig. 1).

Iliac bone graft was harvested from the ipsilateral 
side to reconstruct any articular surface defects based 
on the degree of collapse. Cancellous bone from the 
distal tibia was used to restore the articular surface 
flatness. An L-shaped locking steel plate (Zimmer) 
was applied to the distal tibia to achieve fracture 
fixation and maintain articular surface alignment. The 
medial column was stabilized with two Kirschner pins 
inserted after anatomical reduction of the inner ankle.

The posterior tibial tendon soft tissue was reposi-
tioned to cover the traumatic defect. Following internal 
fixation, the tibial incision was thoroughly irrigated 
again with hydrogen peroxide and saline solution 
before suturing. To achieve tension-free closure of the 
anterior tibial incision, various techniques were 
employed based on calf tension. These techniques 
included: anterolateral calf reduction, posterior shal-
low reduction, posterior deep reduction, or medial and 
lateral full reduction. Barbed wire was used for ten-
sion-free closure of the skin edges. Finally, a VSD was 
placed over the original open incision and the reduc-
tion incision for drainage. The VSD was changed 
weekly until the trauma healed (Fig. 2).

Second stage wound management: following the 
one-stage surgery, the VSD was removed based on 
the granulation tissue formation within the trauma. 
The lateral reduction incision was tightened with 
barbed wire, and the skin edges were approximated 
without tension. The tension of the anterior tibial 
incision was maintained. The granulation tissue of the 
original open wound was assessed. If wound closure 
was possible, the skin defect area was measured. 
A  medium-thickness flap was harvested from the 
ipsilateral thigh to cover the defect. The harvested 
skin was meshed with an oleo-sand dressing and 
shaped into a medium-thickness flap for transplantation 
onto the defect area. The resurfaced area was covered 
with a VSD, which was removed 1  week later to 
assess flap viability (Figs. 3 and 4).

Postoperative treatment

Postoperative management included cefoperazone 
sulbactam sodium for infection prevention, lower limb 
elevation to reduce swelling, low-molecular-weight 
heparin to prevent blood clots, and initial short leg cast 
immobilization. VSD was used in two phases: Phase I 
employed a pressure of 0.03 MPa to facilitate drainage 
of deep-seated contaminants, while Phase II utilized a 
lower pressure of 0.015 MPa to promote uniform skin 
graft adherence and prevent pressure-induced tissue 

Table 1. Patient demographics and mechanism of injury

Age (year) Age range

Mean (and standard deviation)
Median (range)

40.2 ± 2.3
40.2(24~58)

Sex
Male
Female

14 (78)
4 (22)

Mechanisms of injury
Car accident injury

6 (33)

Fall from a height
Bruise

8 (45)
4 (22)

AO fracture classifification
B1
B2
B3
C1
C2
C3

2 (11)
3 (17)
3 (17)
2 (11)
4 (22)
4 (22)

Ruedi‑Allgower classifification
II
III

6 (33)
12 (67)

Gustilo classifification
I
II
IIIA
IIIB

3 (17)
4 (22)
6 (33)
5 (28)

The values are given as the number of patients, with the percentage in parentheses.
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death. Physiotherapy began on the second postopera-
tive day with quadriceps muscle strengthening exer-
cises in bed. Four weeks after surgery, the cast was 
removed, and the affected limb was immobilized with 
crutches for non-weight-bearing ambulation in bed.

Evaluation of the efficacy of treatment

Treatment efficacy was evaluated by observing flap 
survival at the defect site 2  weeks after surgery, 

followed by assessment of flap shape, color, and sen-
sation recovery during the final follow-up visit. Imag-
ing examinations were performed at the outpatient 
clinic at weeks 1, 4, 8, and 12 to assess fracture heal-
ing, length of hospitalization, wound healing time, and 
potential complications like bone nonunion.

Evaluation of articular surface resurfacing

The Burwell and Charnley5 radiologic criteria were 
used to assess the quality of distal tibial articular sur-
face resurfacing after surgery. This evaluation 
includes: (1) Anatomical repositioning, which refers to 
the ideal alignment with minimal displacement. There 
should be no inward or lateral displacement of the 
medial and lateral ankle, no angular displacement, 
and minimal longitudinal displacement (< 1 mm) of the 
medial and lateral ankle. In addition, the posterior 
ankle block should have a proximal displacement of 
< 2 mm, and there should be no talar displacement; 
(2) Reset is possible, which indicates acceptable 
alignment with some displacement. There is still no 
medial or lateral displacement of the medial and lat-
eral ankle, and no angular displacement. However, the 
longitudinal displacement of the medial and lateral 
ankle can range from 2 to 5  mm, and the proximal 
displacement of the posterior ankle block can also be 
between 2 and 5  mm. There should still be no talar 
displacement; (3) Poor repositioning, which signifies 
significant displacement of the bones, potentially 

Figure 2. A: following intraoperative debridement, a VSD was applied 
to cover the medial defect, effectively converting the open wound 
(Phase I) into a closed wound. B: the lateral fibula reduction incision 
was closed with barbed wire positioned close to the skin edge without 
tension to prevent skin retraction. The VSD provided continuous drain-
age, and the barbed wire tension was gradually adjusted as swelling 
subsided. VSD: Vacuum-assisted closure device.

Ba

Figure 1. A: examination of the right ankle reveals a soft tissue defect on the medial aspect of the distal tibia. The exposed distal tibia is con-
taminated. B and C: a post-injury computed tomography scan confirms a comminuted fracture of the distal tibia with bone defects on the articular 
surface.

ca B
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requiring further surgical intervention. This category 
includes any medial or lateral displacement of the 
medial or lateral ankle, a posterior displacement of the 
lateral ankle > 5 mm, or any talar displacement.

Evaluation of fracture healing

The Merchant6 scale was employed to assess 
patient outcomes following surgery. This scale consid-
ers various factors, including function, pain level, gait, 
X-ray review, ankle stability, and mobility. The Mer-
chant scale assigns a rating based on these criteria:

-	 Excellent: patients experience no pain in the af-
fected area after surgery, and their joints move 
freely without impacting daily life;

-	 Good: patients may experience occasional pain 
that is manageable and has minimal impact on 
daily activities. Joint mobility is mostly restored;

-	 Fair: patients experience noticeable pain, some-
times requiring oral pain medication. Their joint 
movement is restricted, leading to some limita-
tions in daily activities;

-	 Poor: patients experience significant pain and re-
quire pain injections for severe pain. Their joint 
movement is severely limited, affecting their ability 
to perform daily tasks independently.

Evaluation of ankle function

The Tornetta7 criteria were used to assess ankle 
function after surgery. These criteria categorize func-
tion based on pain level, range of motion, and any 
angular deformity:
-	 Excellent: no pain, with excellent ankle move-

ment (dorsiflexion > 5°, plantarflexion > 40°) and 
minimal angular deformity (< 3°).

-	 Good: occasional pain, manageable with readily 
available non-steroidal anti-inflammatory medica-
tions (NSAIDs). Ankle movement is acceptable 
(dorsiflexion 0-5°, plantarflexion 30-40°) with 
some valgus (outward angulation) deformity 
(3-5°) and limited inversion (< 3°).

-	 Fair: pain that interferes with daily activities and 
requires pain medication for relief. Ankle move-
ment is further restricted (dorsiflexion − 5-0°, 
plantarflexion 25-30°) with a greater valgus defor-
mity (5-8°) and some inversion limitation (3-5°).

-	 Poor: Intractable pain with severely limited ankle 
movement (dorsiflexion < −5°, plantarflexion 
< 25°). Significant valgus deformity (> 8°) and sub-
stantial inversion limitation (> 5°) are present.

General results

All 18 patients in our group were followed for a dura-
tion ranging from 14 to 27  months, with an average 
follow-up of 18.8 months. Complete bone healing was 
achieved in all fractures, with an average healing time 
of 4.2 months (range: 3-5 months). The average hos-
pitalization time was 24.2  days (standard deviation 
[SD] ± 5.3), and the average wound healing time was 
14.5 days (SD ± 1.6).

Figure 4. A: after 1 week, the lateral VSD on the fibula was removed. 
The incision swelling had subsided, the edges were close together, 
and the barbed wire sutures were removed. B: the medial VSD was 
removed, revealing a viable skin flap with good color. VSD: Vacuum-
assisted closure device.

Ba

Figure  3. A: after 1 week of VSD therapy covering the wound, 
the dressing was removed for wound evaluation. The wound bed 
appeared healthy with good granulation tissue and minimal edema. 
The VSD therapy was then reapplied. B: in another scenario, the VSD 
was used for 2 weeks. Upon removal, the wound appeared fresh and 
exhibited healthy, well-vascularized granulation tissue. The surgical 
procedure (implantation) was then performed. VSD: Vacuum-assisted 
closure device.

BA
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One patient developed partial skin necrosis at the 
edge of the anterior tibial incision. This was successfully 
treated with debridement and dressing changes, and 
the wound healed without further complications. All 
other patients experienced successful flap viability and 
no infections, implant necrosis, or osteomyelitis (Fig. 5).

Fracture reduction and fixation and healing

Postoperative anteroposterior (AP) and lateral 
X-rays of the ankle joint demonstrated successful 

surgical outcomes (Fig.  6). These X-rays revealed 
restoration of the distal tibial articular surface to a flat 
contour, realignment of the ankle joint and restoration 
of the lower limb weight-bearing line, and anatomical 
reduction and restoration of length in the fibula 
fracture. Utilizing the Burwell-Charnley radiologic 
criteria, 17  cases achieved anatomical reset (94.4%, 
17/18), 1 case achieved reset possible, and no cases 
fell into the poor reset category. Furthermore, 
postoperative fracture healing was evaluated according 
to the Merchant scoring system, with results showing 

Figure 6. Imaging findings at final follow-up. A: complete healing of the fracture, no loosening of the internal fixation, good lower limb force lines 
on orthogonal X-ray, and no internal or external deformity. B: lateral x-ray lower extremity lines of force without anterior-posterior angulation. 
C: computed tomography scan shows a flat articular surface.

cba

Figure 5. A-C: at the last follow-up visit, the incision was well healed, the color and sensation of the skin flap at the traumatic defect implant were 
normal, and the mobility of the ankle joint was good.

cba
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15  cases achieving an excellent outcome (83.3%, 
15/18), 1 case categorized as good, 1 case fair, and 
1 case poor.

Eighteen patients were evaluated for ankle function 
according to the Tornetta et al. criteria by the time of 
the final follow-up, among which 15 were excellent, 1 
was good, 1 was acceptable, and 1 was poor, with an 
excellent rate of 88.9% (16/18) (Table 2).

Discussion

Emergency soft-tissue debridement and 
antibiotic application

Adequate debridement is crucial for the successful 
treatment of open fractures. The risk of infection 
increases with the severity of the open wound. Type I 
fractures have the lowest risk (0-2%), followed by 
type II (2-10%) and type III (10-50%)8. Open Pilon frac-
tures often involve skin and soft tissue injuries. The 
distal tibia has a poor blood supply, and the thin soft 
tissues are prone to complications. These complica-
tions include skin and soft-tissue necrosis, traumatic 
infections, and osteomyelitis. These complications are 
lengthy and expensive to treat, and can lead to some 
of the worst functional outcomes of all open skeletal 
injuries9. Healthy skin acts as a barrier to microorgan-
isms and secretes fatty acids that limit bacterial colo-
nization. When the skin is injured, this barrier is 
breached, increasing the risk of deeper tissue con-
tamination and potentially severe tissue necrosis.

While the ideal treatment protocol for open tibial 
fractures remains under debate, all experts agree on 
the importance of irrigation and debridement10. Early 
debridement is critical. As early as 1997, the British 
Orthopaedic Association and the British Association 
of Plastic, Reconstructive and Aesthetic Surgeons 
recommended performing the first debridement within 

6 h of injury11. Multiple studies support the concept of 
a “golden window” for debridement. Patients who 
undergo debridement within 6  h of admission have 
lower infection rates12. Kreder and Armstrong found a 
25% increase in infection risk for open tibial fractures 
in children when debridement was delayed beyond 
6 h13. Antibiotics play a role in managing open frac-
tures, but they are primarily used therapeutically 
rather than preventively. Gustilo and Anderson found 
that 70% of open wounds were already contaminated 
with bacteria at the time of injury14. A randomized trial 
by Patzakis and Wilkins showed a significant reduc-
tion in infection rates when antibiotics were adminis-
tered within 3 h of injury (4.7%) compared to delayed 
administration (7.4%)15.

Accelerated rehabilitation surgery concept 
for stage I wound coverage and strong 
internal fixation

Open Pilon fractures, although representing only 1% 
of all lower extremity fractures, pose significant chal-
lenges due to their complexity16. These high-energy 
injuries often involve comminuted fractures, severe soft 
tissue damage, and potential complications such as 
infection and bone exposure17. Conventionally, open 
Pilon fractures were treated with various surgical 
options, each with limitations. Incisional internal fixation, 
while restoring limb alignment, may compromise soft-
tissue blood supply18. Minimally invasive plate internal 
fixation prioritizes soft-tissue preservation but may not 
achieve optimal anatomical reduction for all fractures19. 
External fixation, though useful for temporary stabiliza-
tion, can lead to deformity and stiffness20.

Recent advancements have revolutionized open 
Pilon fracture treatment. Early and thorough debride-
ment minimizes infection risk and allows for definitive 
surgery, aligning with the concept of “total repair” in 

Table 2. Ankle function was evaluated according to the criteria such as Tornetta in 18 patients up to the last follow‑up

Evaluation criteria Burwell‑Charnley 
radiological evaluation

Merchant bone 
healing evaluation

Tornetta ankle 
functional evaluation

Clinical outcome No. of patients No. of patients No. of patients

Excellent 17 15 15

Good 1 1

Moderate 1 1 1

Poor 0 1 1
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trauma management21,22. The ERAS protocol, a multi-
modal approach, emphasizes reducing anxiety, mini-
mizing complications, and promoting faster recovery23. 
Following thorough debridement, early internal fixa-
tion and soft-tissue reconstruction facilitate bone heal-
ing and functional restoration24,25. VSD, also known as 
negative pressure wound therapy (NPWT), effectively 
manages open wounds by removing excess exudate, 
promoting blood flow, reducing tissue edema, protect-
ing the wound bed, and enhancing granulation tissue 
growth26,27. For certain open Pilon fractures (Gustilo 
type III), achieving early fracture stabilization and soft-
tissue coverage in a single surgery is ideal for reduc-
ing infection, restoring blood flow, and promoting 
healing28. This approach aligns with the concept of 
minimizing reconstructive procedures and their asso-
ciated complications29. Our department adheres to the 
principles of early debridement, single-stage surgery, 
and NPWT for open Pilon fractures. This approach 
has yielded excellent clinical outcomes, including 
reduced infection rates, improved anatomical reduc-
tion, faster recovery, and minimized patient burden.

Conclusion

The characteristics of Pilon fractures dictate difficult 
and specific clinical management, and the acute man-
agement of open Pilon fractures remains a serious 
challenge for orthopedic surgeons. Multiple factors, 
including fracture severity, size of the trabecular 
defect, adequacy of debridement, timing of initial 
treatment, antibiotic use, and other variables in open 
fractures, contribute to the potential for infection and 
require prompt attention and treatment. Debridement 
of all open fractures according to the historical 6-h 
time window reduces the risk of infection, early admin-
istration of appropriate antibiotics has been shown to 
be a key factor in the reduction and treatment of open 
fractures, and early internal fixation and coverage of 
the trauma can be achieved only by ensuring that 
debridement is complete. The results of our study 
show that safe management can be obtained by inten-
sive debridement, antibiotics, strong internal fixation, 
negative pressure closed drainage, and reduction of 
the calf incision with significant clinical results.

Limitations

There are some limitations of this study: (1) This 
was a retrospective study conducted at a single center 
with a relatively small number of participants, which 

may introduce bias into the results; (2) We excluded 
patients with Gustilo type  IIIC fractures, potentially 
limiting the generalizability of our findings; and (3) the 
follow-up period was relatively short. Long-term fol-
low-up is necessary to assess the durability of the 
treatment outcomes.
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