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Abstract  
Background: Distal tibial intra-articular (pilon) fractures are serious injuries that commonly follow high-energy axial impacts or 

lower-energy twisting events. They often cause joint fragmentation, metaphyseal collapse and damage to the 
surrounding soft tissues. Because the ankle is the primary weight-bearing joint, imperfect reduction or fixation can 
lead to persistent pain, loss of motion and early post-traumatic arthritis that interfere with daily activities and the 
ability to return to work. These injuries therefore frequently require staged surgical strategies that balance accurate 
articular reconstruction with protection of fragile soft tissues.

Hypothesis: We hypothesis that selecting the operative technique according to fracture morphology and the condition of the 
soft tissues—using staged external fixation when soft tissues are unsuitable for immediate open exposure and 
performing open reduction and internal fixation (ORIF) when local conditions permit—will produce comparable 
mid-term functional outcomes across approaches, provided that articular congruity, limb alignment and stable 
fixation are achieved.

Clinical importance: This study compares commonly used treatment pathways using validated patient-reported outcome 
instruments and clinician-rated scores, objective ankle range of motion, complication and reoperation rates, and 
length of hospital stay. By clarifying which injury patterns and patient characteristics predict better recovery or higher 
risk of wound problems, clinicians can make more individualized treatment choices, counsel patients about realistic 
recovery timelines, tailor rehabilitation plans and reduce avoidable complications, readmissions and the longer-term 
socioeconomic burden for patients and families. Clearer evidence will also help surgeon’s priorities soft-tissue 
management without sacrificing joint reconstruction.

Future research: Larger, prospective multicenter trials with longer follow-up are needed to confirm comparative effectiveness 
and refine indications for each technique. Future work should evaluate targeted measures to prevent soft-tissue 
complications and early arthritis, and incorporate imaging biomarkers, gait and biomechanical analysis and registry 
data to improve prognostication and personalize care.

Keywords: Pilon fracture, Distal tibia, Intra-articular, Open reduction and internal fixation, External fixation, Functional 
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Chaput Fragment Percutaneous Plating and Ankle-Spanning External Fixation in 
Pilon Fractures: Hypothesis for Superior Early Outcomes
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Background 
Pilon fractures, involving the distal tibial plafond, produce a 
unique clinical challenge because they damage both joint 
cartilage and the surrounding soft tissues. Although they 
represent a relatively small proportion of tibial injuries, their 
impact on an individual’s gait and quality of life is 
disproportionately large. Mechanisms range from low-energy 
torsional injuries that cause limited comminution, to high-
energy axial loading — commonly seen in road traffic collisions 
or falls from height — that shatters the plafond and frequently 
compromises soft tissues. Recognizing this spectrum is 
essential; fracture morphology and skin condition together 
determine technical strategy and prognosis [1].
Early in the modern era these injuries were often managed 
nonoperatively, with disappointing results: malunion, 
persistent pain, stiffness and progressive arthritis were 
common. That experience drove the move toward operative 
reconstruction of the articular surface to restore joint 
mechanics. However, early enthusiasm for immediate ORIF 
revealed a serious downside: when surgery is performed 
through swollen or blanched skin the risk of wound dehiscence 
and deep infection is high. This led to the now-familiar staged 
approach — immediate provisional external fixation to restore 
length and alignment while soft tissues recover, followed by 
definitive reconstruction — which seeks to capture the 
advantages of anatomical reduction without provoking soft-
tissue complications [2–5].
Fracture classifications such as Rüedi–Allgöwer and AO/OTA 
help stratify injury severity and guide expectations; high-grade 
injuries tend to have greater comminution, worse soft-tissue 
trauma and poorer outcomes. CT imaging is widely used 
because it reveals the fragment patterns that largely determine 
surgical approach: principal fragments such as Chaput, 
Volkmann and posterolateral fragments are best identified and 
addressed when they are mapped on axial and reconstructed 
CT images. This fragment mapping informs incision choice, 
fixation sequence and the feasibility of minimally invasive 
techniques [3, 4].
Surgical options include primary ORIF with buttress or locking 
plates, minimally invasive percutaneous plating, limited open 
fixation combined with external stabilization, and circular 
external fixation. Each has trade-offs. Primary ORIF offers the 
best opportunity for precise anatomic reconstruction and the 
application of stable constructs that permit early controlled 
motion — when the soft tissues tolerate the exposure. 
Minimally invasive plating reduces additional soft-tissue insult 
but can be limited by fragment complexity. External fixation 
techniques preserve the skin and soft-tissue bed but may accept 
some residual articular incongruity unless combined with 
limited internal fixation. Thus technique choice is not about 
which implant is best in abstraction, but about matching the 
implant and approach to the biology and anatomy of the 
individual case [5–11].

Patient comorbidities also shape decisions and outcomes. 
Diabetes, peripheral vascular disease, smoking and obesity 
increase the risk of wound complications and infection and thus 
lower the threshold for staged, soft-tissue–respecting strategies. 
Timing of surgery is critical: operating before swelling has 
subsided or while blisters are tense is a recognized risk for 
wound failure; delaying definitive internal fixation until local 
biology improves reduces that risk and often preserves options 
for later reconstruction [6, 9, 11, 12].
Beyond the operation itself, postoperative care — early 
controlled range of motion, edema control and graded weight 
bearing tied to fixation stability — is essential to translate 
radiographic success into meaningful function. Systems-level 
coordination, including timely CT imaging, access to soft-
tissue/plastic surgery expertise where needed and structured 
physiotherapy, improves outcomes and is why results may differ 
between centres. The contemporary management goal, then, is 
to restore joint congruity where safely possible while always 
prioritizing soft-tissue health — a balance that aims to 
minimize complication risk while maximizing the chance of a 
pain-limited, functional ankle [7–13].

Hypothesis 
Primary hypothesis:
• A soft-tissue–guided treatment pathway optimizes patient 
outcomes in pilon fractures: when the soft tissues are favorable, 
primary ORIF targeting anatomic articular restoration yields 
superior early functional recovery; when soft tissues are hostile, 
staged provisional external fixation followed by delayed 
definitive reconstruction reduces wound complications while 
permitting satisfactory intermediate functional outcomes.

Rationale:
Restoring the articular surface and mechanical alignment is the 
biomechanical imperative for a weight-bearing joint. Anatomic 
reduction reduces focal cartilage overload and thereby lowers 
the risk of symptomatic post-traumatic arthritis; ORIF 
performed through healthy soft tissues provides the most 
reliable means to achieve this reduction and to apply stable 
constructs that enable early, supervised rehabilitation. 
However, this mechanical goal must be tempered by biological 
reality. Performing extensile exposures in the presence of 
swelling or compromised skin dramatically increases wound 
complications, which can require repeated surgery, hardware 
removal or even compromise limb salvage. The staged approach 
reconciles these competing demands: provisional external 
fixation restores alignment and length while allowing soft 
tissues to settle, and definitive ORIF is performed later under 
safer conditions when indicated [14–16].

Supporting propositions:
1. CT-guided fragment mapping drives approach selection. 
Axial and 3D CT reconstructions identify principal fragments 
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and the approaches most likely to reduce them effectively. 
Using CT mapping to plan incisions and fixation sequences 
reduces unnecessary soft-tissue dissection and improves the 
chance of anatomical reduction [4, 17].
2. Technique must match pattern and biology. Minimally 
invasive plating is appropriate when fragment patterns permit 
and when it reduces exposure-related soft-tissue insult; more 
extensile exposures are reserved for cases where CT shows 
fragments not reconstructable by less invasive means. Where 
reconstruction is not practical, external fixation with limited 
internal fixation or a circular frame supports alignment and soft-
tissue healing without the risk of a wound catastrophe [16–19].
3. Postoperative rehabilitation is a co-determinant. Stable 
fixation that allows early controlled range of motion and 
progressive weight bearing is associated with better ankle 
motion and higher patient-reported functional scores. 
Therefore, optimal outcome depends on both surgical 
technique and a planned, staged rehabilitation pathway 
[17–20].
4. Patient optimization matters. Active management of 
diabetes, smoking cessation where possible and vascular 
assessment in at-risk patients reduces the risk of wound 
complications and helps determine which patients are safe 
candidates for early ORIF versus staged management [15, 16].
These hypotheses can be tested in prospective cohorts 
stratified by AO/Rüedi–Allgöwer grade and soft-tissue status, 
using standardized CT descriptors and validated outcome 
measures (AOFAS, FADI, and SF-36). The overarching aim is 
not merely to compare implants but to define context-specific 
strategies that align anatomical possibility with biological safety 
[14–20].

Discussion
The practical management of pilon fractures is guided by a 
single surgical truth: biology determines timing and extent. 
When the soft tissues are healthy and swelling minimal, primary 
ORIF gives the best pathway to anatomic restoration and earlier 
functional recovery. But when soft tissues are compromised, 
forcing definitive open exposure risks wound dehiscence and 
deep infection — complications that often produce worse long-
term outcomes than a temporary, conservative approach. The 
staged pathway — external fixator to restore length and 
alignment followed by delayed ORIF — is a biologically 
respectful compromise that preserves reconstructive options 
while minimizing early wound morbidity [21].
External fixation with limited internal fixation, and circular 
frame techniques, have an essential place for highly 
comminuted fractures or when soft tissues cannot tolerate 
further insult. These approaches emphasize limb preservation 
and soft-tissue healing; clinicians must accept that they may not 
always restore perfect articular congruity, but they reduce the 
immediate risk of soft-tissue catastrophe and often allow 
acceptable, pain-limited function. That trade-off must be 

communicated to patients clearly during shared decision 
making [22, 23].
Operational refinements that consistently improve outcomes 
include CT-based planning to map fragments and guide 
approach selection; avoiding incision placement that 
undermines vascularized skin bridges; selective use of 
minimally invasive plate osteosynthesis where feasible; and 
temporary fragment fixation to sequence reduction before plate 
application. Postoperative care — edema control, early 
supervised motion as fixation allows, and staged weight bearing 
— is critical to convert a technically successful reconstruction 
into usable function [4, 17–20].
Limitations in the evidence base reflect case heterogeneity, 
variable rehabilitation protocols and the predominance of 
single-center series. Randomized trials are difficult in this 
heterogeneous field, but multicenter prospective registries with 
standardized CT descriptors and rehabilitation protocols 
would permit more robust subgroup analysis, clarify long-term 
incidence and impact of post-traumatic arthritis, and refine 
indications for immediate versus staged strategies. Patient-level 
factors such as diabetes and smoking must be actively managed 
to improve outcomes across strategies [24].
In sum, while anatomic articular restoration remains the 
biomechanical ideal, it must not be pursued at the cost of the 
soft tissues. A strategy that integrates CT-driven planning, 
biology-led timing, and coordinated rehabilitation offers the 
best chance to return patients to functional, pain-limited 
activities [21–24].

Clinical importance 
For practicing surgeons: prioritize the soft tissues. When skin 
and swelling permit, pursue primary ORIF to optimize early 
restoration of joint congruity and function. When soft tissues 
are hostile, use provisional external fixation and delay definitive 
internal fixation to lower wound complications while 
preserving the option for later reconstruction. Reserve 
combined external/internal fixation or circular frames for 
unreconstructible patterns or cases with severe soft-tissue 
compromise. CT-guided fragment mapping, careful incision 
planning, and structured, early rehabilitation are central to 
converting anatomical repair into a functional ankle. Clear 
preoperative counselling about staged care and realistic 
recovery timelines improves patient expectations and 
satisfaction. 

Future directions 
Priorities are multicenter prospective registries using 
standardized CT fragment descriptors, uniform rehabilitation 
protocols and minimum two-year follow-up to capture post-
traumatic arthritis and functional trajectories. Comparative 
effectiveness work stratified by fracture grade and soft-tissue 
status, together with objective gait analysis and patient-
reported outcome mapping, will translate radiographic success 
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into patient-centered metrics and help refine subgroup-specific 
recommendations. 
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