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Introduction:

Chronic diabetic foot ulcers (DFUs) remain a major cause of morbidity, infection, and
limb loss. Deep or irregularly contoured wounds with exposed tendon, capsule, or
bone present particular reconstructive challenges and often require more than local
wound care alone. Successful management frequently requires correction of
mechanical deforming forces and durable offloading in addition to biologic wound
reconstruction.

Acellular fish-skin matrices possess structural and biologic properties favorable for
tissue regeneration, including preserved collagen architecture and naturally occurring
omega-3 fatty acids that may support resolution of chronic inflammation.

This series evaluates a hybrid reconstruction approach performed within a tertiary
academic limb salvage program utilizing circular external fixation to correct
mechanical forces and provide sustained offloading, combined with application of
piscine xenograft for biologic wound bed regeneration in UT Grade 2 and 3 diabetic foot
ulcers.

Methods:

A retrospective review was conducted at an academic medical center evaluating
patients with UT Grade 2 and 3 diabetic foot ulcers requiring correction of mechanical
forces and/or advanced offloading.

Circular external fixation was utilized to achieve limb realignment and sustained
offloading of the ulcerated region. Soft tissue balancing and osseous realignment was
performed as indicated Following mechanical correction and surgical wound
preparation, acellular fish-skin xenograft was applied directly to the ulcer bed to
facilitate biologic soft tissue regeneration, particularly in irregular or deep wound
geometries.

Patients were followed throughout the postoperative period until clinical wound
closure.

Results:

The staged reconstruction protocol combining mechanical offloading with biologic
wound therapy resulted in progressive granulation and successful wound closure in
treated patients. Application of the piscine xenograft allowed effective integration
within irregular wound beds and areas of exposed deep structures.

Superficial pin tract irritation occurred in a limited number of cases and was managed
successfully with local care. No major fixation-related complications occurred.

At follow-up, patients demonstrated durable epithelialization with maintenance of a
plantigrade foot and adequate soft tissue coverage. Patients transitioned to protected
weightbearing in accommodative footwear and maintained ulcer closure without
recurrence at the original site during the follow-up period.
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Discussion:

Management of complex diabetic foot ulcers requires addressing both the
biologic wound environment and the mechanical forces that contribute to
ulcer formation and persistence. Traditional wound care strategies alone may
be insufficient when deformity, abnormal pressure distribution, or structural
instability are present.

In this series, a hybrid reconstruction strategy combining circular external
fixation with piscine xenograft allowed simultaneous correction of mechanical
forces and biologic wound bed optimization. Circular external fixation provided
durable offloading and limb realignment, while the acellular fish-skin
conformed to irregular wound geometries and exposed structures, facilitating
granulation and epithelialization.

The biologic properties of acellular fish-skin matrices, including preserved
collagen architecture and naturally occurring omega-3 fatty acids, may
support tissue regeneration and resolution of chronic inflammation. The
particulate formulation may be particularly advantageous in wounds with
tunneling, depth, or irregular contours where traditional sheet grafts may be
difficult to apply.

This combined approach demonstrated favorable wound healing and limb
preservation outcomes with minimal fixation-related complications. The
strategy may decrease reliance on more invasive reconstructive procedures
such as flap coverage while maintaining durable wound closure.

Conclusion:

Hybrid reconstruction utilizing circular external fixation for mechanical correction and
sustained offloading combined with piscine xenograft for biologic wound regeneration
represents a promising limb-salvage strategy for complex UT Grade 2 and 3 diabetic
foot ulcers.

This approach promotes durable wound closure, restores a plantigrade foot, and may
reduce reulceration by addressing both mechanical and biologic factors contributing to
chronic diabetic wounds. Further prospective studies with larger patient cohorts are
warranted to better define long-term outcomes and comparative effectiveness within
multidisciplinary limb preservation programs.
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