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Successful Limb Salvage Using Staged Applications of a Fish-Skin
Xenograft (Kerecis) in a Heel Pad Degloving Injury: A Case Report

Dylan Parry’, Dylan J. Stephens', Caroline J. Cushman', Emily Uyen Thai’, Evan J. Hernandez’,
Brendan J. MacKay’

Learning Point of the Article:
Surgeons should be aware of the utility of fish-skin xenografts in the treatment of traumatic degloving injuries, especially when immediate
soft-tissue closure is not feasible.

Introduction: Heel pad degloving injuries represent one of the most challenging problems in lower-extremity reconstruction because durable
soft-tissue coverage must withstand repetitive weight-bearing while minimizing infection, wound breakdown, and limb loss.

Case Report: We report the use of staged fish-skin xenograft reconstruction as a limb-salvage strategy in a 24-year-old man who sustained a
severe heel pad avulsion with multiple open fractures of the foot and ankle following an all-terrain vehicle accident. Initial management consisted
of serialirrigation and debridement, fracture stabilization, and negative-pressure wound therapy; however, progressive heel pad necrosis resulted
ina22 x 15 x 0.5 cm full-thickness plantar soft-tissue defect extending to the calcaneus despite aggressive wound management. The patient was
subsequently counseled regarding below-knee amputation due to the severity of soft-tissue loss but elected to pursue limb salvage following
multidisciplinary discussion of reconstructive options. Three sequential applications of a fish-skin acellular dermal matrix (Kerecis) were
performed over 8 weeks, resulting in progressive granulation tissue formation and development of a robust, well-vascularized wound bed
suitable for definitive reconstruction. Subsequent full-thickness skin grafting to the heel and split-thickness skin grafting to the surrounding soft-
tissue defects achieved complete wound closure without infection, graft loss, or wound breakdown. Hypertrophic scarring and contracture that
developed during follow-up were successfully treated with fractional carbon dioxide laser therapy. At 1-year follow-up, the reconstructed heel
remained completely healed without recurrent ulceration or infection, demonstrating durable soft-tissue coverage capable of tolerating the
biomechanical demands ofa weight-bearing plantar surface.

Conclusion: This case demonstrates the potential role of staged fish-skin xenograft application as a biologically active reconstructive adjunct for
wound-bed preparation and limb salvage in complex heel pad degloving injuries. In situations where immediate flap reconstruction is
undesirable, and limb salvage remains the patient’s goal, staged xenograft reconstruction may expand the reconstructive armamentarium while
preserving ambulatory function.

Keywords: Kerecis, fish-skin xenograft, heel pad degloving; limb salvage, lower extremity reconstruction, wound bed preparation, biologic
scaffold, plantar heel reconstruction.

Introduction notably motor vehicle collisions, crush injuries, and falls [1].

Heel pad degloving injuries frequently result from trauma, 1hey are characterized by avulsion of skin and subcutaneous
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Figure 1: (a-f) Initial radiographs of the left ankle and foot following the accident.

tissue from fascia, muscle, or bone, often with soft-tissue
damage, contamination, vascular compromise, and osseous
injury [2,3]. Reconstruction is challenging when the heel is
involved due to its role in weight-bearing and shock absorption,
limited tissue coverage, and the unique biomechanical
properties of plantar skin [4, S, 6,7, 8]. Adjacent tissue does not
adequately replicate the properties of native heel skin, making
restoration of durable coverage difficult. Management requires
progression along the reconstructive ladder, ranging from
secondary intention and skin grafting to local rotational flaps
and free tissue transfer [9]. Although flap reconstruction
remains the standard option for plantar soft-tissue loss, it may
not be feasible in the acute setting due to contamination,
necrosis, evolving zones of injury, uncertain tissue viability, or
patient-specific considerations [10,11,12,13,14]. In these
circumstances, staged wound-bed optimization using biologic
or synthetic matrices provides an opportunity to preserve
future reconstructive options while reducing the risk of wound
failure.

Among available biologic matrices, Kerecis is a decellularized
fish-skin xenograft derived from Gadus morhua. e
Its preserved extracellular matrix and omega-3 ,
fatty acids support infiltration,

neovascularization, angiogenesis, and

Acute trauma management

degloving injuries, remains poorly
described.

We present a case of a patient with a heel
pad degloving injury who developed
plantar necrosis despite serial debridement
and fracture stabilization. Given its
complexity, options across the
reconstructive ladder were considered.
Although flap reconstruction is
traditionally favored for plantar heel
defects, patient-specific considerations
supported another approach. Following
shared decision-making, the patient chose
staged fish-skin xenograft reconstruction to
optimize the wound bed before definitive
skin grafting. At 1l-year follow-up, the
patient achieved soft-tissue coverage
capable of withstanding the demands of a
weight-bearing heel. This case highlights
the role of staged fish-skin xenograft reconstruction as a
biologic bridge to definitive reconstruction in carefully selected
patients with complexheelinjuries.

Case Report

A 24-year-old male was riding an all-terrain vehicle (ATV) ata
low speed when the ATV rolled, landing on his left foot.
Orthopedic surgery was consulted for a large degloving injury
with an open fracture of the left foot and ankle, with an intact
dorsalis pedis pulse. Radiographs revealed a lateral malleolus
fracture, fractures of the fourth and fifth metatarsals, and a
fracture of the base of the first proximal phalanx (Fig. 1).

Computed tomography confirmed comminuted, displaced,
and intra-articular fractures involving the calcaneus, navicular,
cuneiforms, multiple metatarsals and phalanges, as well as
extensive soft-tissue injury, including a large skin defect and
exposure of the calcaneus. The patient denied tobacco, vaping,
and drug use, with rare alcohol intake. He used no chronic
medications and reported allergies to morphine and peanuts.

Day 39 Day 79 Day 106 ~6 mo post-graft

Staged xenograft application Definitive grafting Rehabilitation and follow-up

modulation of the inflammatory response while 00— —— 00— ————>
maintaining compatibility with negative-

Day &4 Day 98 Day 150 -9 mo post-graft
pressure wound therapy [15, 16]. Although ' :
Kerecis has demonstrated favorable outcomes in o @1 & e & v ®

chronic wounds, ulcers, burns, and necrotizing
soft-tissue infections [15,16,17], its application

in lower-extremity trauma, particularly heel pad Figure 2: Clinical timeline of staged fish-skin xenograft reconstruction and outcome.
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Figure 3: Staged applications of fish-skin acellular dermal matrix (Kerecis) to the heel pad defect. (a) Post-injury day 39, immediately following the first
xenograft application, the wound bed measured 22 x 15 x 0.5 cm and extended to the level of the calcaneus, with the xenograft secured by staples and overlying
non-adherent dressing. (b) Post-injury day 44, wound bed prior to the second xenograft application following debridement of residual non-viable tissue. (c)

Post-injury day 44, immediately following the second xenograft application. (d) Post-injury day 79, immediately following the third xenograft application, the

wound had been remodeled to 24 x 14 x 0.5 cm and was reconstructed with a 7 x 20 cm Kerecis sheet.

The clinical timeline isillustrated in Fig. 2.

The patient underwent irrigation and debridement, closed
reduction with percutaneous pinning of the heel pad and
metatarsals, and application of negative-pressure wound
therapy on the day of injury. Despite serial debridement and
aggressive wound management, progressive plantar heel
necrosis developed, resulting in a large full-thickness soft-tissue
defect extending to the calcaneus.

Given the severity of soft-tissue loss, reconstructive options
spanning the reconstructive ladder were considered, including
below-knee amputation, free tissue transfer, and staged biologic
reconstruction. Immediate flap reconstruction was considered
less favorable due to the evolving zone of injury, ongoing tissue
demarcation, and uncertainty regarding the extent of viable soft
tissue. Following multidisciplinary
discussion and consideration of
patient-specific factors, the patient
elected to pursue limb salvage using a
staged reconstruction with fish-skin
xenograft despite its non-traditional
application in this setting. The
objective was to optimize the wound
bed before definitive soft-tissue
coverage while preserving future
reconstructive options. Kerecis was
selected due to its biocompatibility,
resistance to infection, and potential
to promote granulation tissue in
complexwounds [16,17].

Thirty-nine days following the injury,

room for the first application. The wound, measuring 22 x 15 x
0.5 cm and extending to the level of the calcaneus, underwent
debridement until bleeding tissue was achieved at the wound
bed. Kerecis was placed over the wound bed and secured with
staples. Non-adherent dressing and black foam were applied,
followed by continuous negative-pressure wound therapy at
125 mmHg. The extremity was immobilized in a well-padded
AO splint constructed with posterior and stirrup slabs. Two
additional staged xenograft applications were performed on
post-injury days 44 (Fig. 3b and c) and 79 (Fig. 3d) following
debridement of residual non-viable tissue. Serial applications
demonstrated progressive incorporation of the xenograft,
healthy granulation tissue, and gradual optimization of the
wound bed without infection, graft intolerance, or wound

-

Figure 4: Wound bed preparation and definitive grafting. (a) Post-injury day 98, a well-vascularized
granulation tissue bed across the heel and adjacent soft-tissue defect immediately before skin grafting. (b) Post-
injury day 106, appearance immediately following full-thickness skin graft to the heel and split-thickness skin

the patient r eturned to the operating grafts to the anterior ankle and lateral heel, with good early graft take and no clinical evidence of infection.
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Figure S: Long-term outcome at 3 months following definitive grafting (post-injury day 190). (a)

Discussion

Heel pad degloving injuries present a
reconstructive challenge because durable
coverage must be restored to a weight-bearing
surface while minimizing infection risk,
wound breakdown, and limb loss [18,19].
Traditional reconstructive options, including
local rotational and free tissue flaps, represent
the standard of care for plantar heel defects;
however, their success depends on adequate
vascularity, a stable wound bed, and viable
surrounding soft tissue. In acute settings,

Anterolateral view of the left foot and ankle demonstrating graft incorporation and surrounding skin wound contamination, soft-tissue necrosis,
maturation. (b) Posterior view of the heel and Achilles region showing healed graft sites without serial debridement, and uncertainty regardjng

erythema, drainage, or breakdown.

deterioration. At the third application, the wound measured 24
x 14 x 0.5 cm and was reconstructed using a 7 x 20 cm Kerecis
sheet.

With a well-granulated wound bed achieved using Kerecis (Fig.
4a), the patient underwent definitive soft-tissue reconstruction
3 months later, including a full-thickness skin graft to the heel
and split-thickness skin grafts to the anterior ankle and lateral
heel (Fig. 4b). The patient received follow-up care, and his graft
incorporated well without erythema, drainage, or purulence 3
months following his skin graft (Fig. 5). At 6 months following
definitive grafting, the patient developed hypertrophic scarring
with contracture involving the grafted region of the left foot and
the medial thigh donor site. He was treated with a single session
of fractional carbon dioxide laser therapy (120 mJ energy, 3%
density, 250 Hz frequency) overa 15 x 35 cm area of the left foot
and a20 x 6 cm area of the medial thigh, followed by topical scar
therapy and compression dressings. Reassessment documented
improvement in scar erythema and tightening. At 9 months, the
patient demonstrated excellent wound

tissue viability may preclude immediate

definitive reconstruction. In these situations,
staged wound-bed optimization with biologic scaffolds may
preserve future reconstructive options while establishing a
vascularized wound bed for definitive soft-tissue
reconstruction.

This case highlights an approach to a complex reconstructive
problem. Following progression of heel pad necrosis despite
serial debridement and negative-pressure wound therapy,
reconstructive options spanning the reconstructive ladder —
including amputation, free tissue transfer, and staged biologic
reconstruction — were considered. After multidisciplinary
evaluation and shared decision-making, the patient elected to
pursue limb salvage using staged fish-skin xenograft
reconstruction as a bridge to definitive skin grafting. This
allowed continued wound optimization while preserving future
reconstructive options.

The primary finding is that staged fish-skin xenograft
reconstruction, with negative-pressure wound therapy,

healing and graft integration, and he was
released to weight-bearing as tolerated.

At 1-year follow-up, the heel remained
epithelialized without ulceration, drainage,
infection, or graft failure (Fig. 6). The patient
progressed to full weight-bearing while
utilizing a customized offloading ankle-foot
orthosis with shoe modifications to
redistribute plantar loading. He also
completed physical therapy focused on ankle
range of motion, strengthening, gait

retraining, an d scar mobilization, Figure6: One-year post-operative outcome following staged fish-skin xenograft reconstruction and
demonstratin g functional recover y definitive skin grafting. (a) Plantar view demonstrating durable soft-tissue coverage of the

throughoutrehabilitation.

reconstructed heel without recurrent ulceration, wound breakdown, or infection. (b) Posterior view
demonstrating stable graft incorporation, contour restoration, complete epithelialization of the

plantarheel, and durable reconstruction capable of tolerating full weight-bearing.
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prepared a plantar heel defect for definitive reconstruction.
Despite an exposed calcaneus and soft-tissue necrosis,
sequential xenograft applications generated a vascularized
wound bed that supported full- and split-thickness skin grafting.
Importantly, the reconstruction remained durable at 1-year
follow-up without ulceration, infection, graft failure, or wound
breakdown despite the biomechanical demands of the plantar
heel [18,19,20,21].

Fish-skin xenografts are biologic matrices that support
angiogenesis and granulation beds while maintaining
compatibility with negative-pressure wound therapy [22, 23,
24]. Although their use has been reported in chronic wounds,
burns, ulcers, and necrotizing soft-tissue infections [3, 15, 25,
26,27], literature describing their application in traumatic foot
and ankle reconstruction remains limited. This case supports
the use of fish-skin xenografts as a staged reconstructive adjunct
in complex lower-extremity trauma, particularly when

immediate definitive reconstructionis infeasible.

Alternative technologies are available for staged wound-bed
preparation. Compared with collagen-based dressings, fish-skin
xenografts have been associated with accelerated healing and
lower infection rates [28]. Dermal regeneration templates such
as Integra provide a durable dermal substitute but remain
susceptible to infectious complications [29]. Similarly,
Biodegradable Temporizing Matrix (BTM) has emerged as an
option for complex extremity wounds [30]. In this case,
definitive grafting was performed approximately 8 weeks after
the initial xenograft application, a timeline comparable to
integration periods for BTM. Although conclusions cannot be
drawn from a single case, staged fish-skin xenograft
reconstruction demonstrated reliable wound-bed preparation
while maintaining compatibility with serial debridement and
negative-pressure wound therapy.

Another advantage observed was integration with negative-
pressure wound therapy. The xenograft tolerated applications
beneath wound vacuum dressings without complication,
permitting continued wound management while progressive
granulation tissue developed. Similar compatibility has been
reported in diabetic foot wounds and other complex wounds
treated with fish-skin grafts and negative-pressure wound
therapy [17,24].

This case demonstrates the potential for functional
reconstruction. The patient progressed to full weight-bearing
with customized orthotics and rehabilitation while maintaining
soft-tissue coverage without recurrent breakdown at 1-year
follow-up. Although long-term surveillance remains warranted
because plantar injuries remain susceptible to late ulceration
and shear-related complications, this outcome suggests that
staged fish-skin xenograft reconstruction can provide durable

limb salvage in carefully selected patients.

Ultimately, staged fish-skin xenograft reconstruction facilitated
limb salvage in a patient with a heel pad avulsion and associated
foot fractures. Successful wound-bed preparation, graft
incorporation, and restoration of weight-bearing function
support its use as a reconstructive adjunct in complex lower-
extremity trauma [18, 19, 21,22, 23, 24]. Further comparative
studies are needed to define its role relative to other wound
matrices.

Limitations

As a single-patient report, this case cannot establish efficacy or
generalizability. Standardized outcome measures such as the
Vancouver Scar Scale or the Patient and Observer Scar
Assessment Scale were not used, and no validated lower-
extremity functional score was obtained at final follow-up. The
1-year follow-up window, while informative, is insufficient to
assess durability under sustained weight-bearing, a particular
concern for heel pad reconstructions, where repetitive loading
predisposes to breakdown. The absence of a comparison group
precludes inference about the relative performance of fish-skin
xenograft versus alternative biologic or synthetic matrices.
Finally, cost and access considerations were not analyzed and
may influence the real-world applicability of this approach.

Patientperspective

Throughout recovery, the patient expressed satisfaction with
the reconstructive process and the functional outcome,
reporting well-controlled pain and progressive return to daily
activities. After participating in shared decision-making
regarding reconstructive options, he remained committed to
limb salvage despite the anticipated prolonged recovery and
multiple staged procedures. The patient provided written
informed consent for publication of this case and
accompanying clinical photographs with the hope that his
experience may help inform future treatment of patients with
similarly devastating injuries.

Conclusion

This case demonstrates the successful use of staged fish-skin
xenograft reconstruction as a bridge to definitive soft-tissue
coverage in a complex heel pad degloving injury. Xenograft
applications facilitated wound-bed optimization following
progressive plantar necrosis, ultimately allowing successful full-
and split-thickness skin grafting and preservation of limb
function. At 1-year follow-up, the reconstructed heel remained
durable under the demands of weight-bearing without
recurrent ulceration, infection, or graft failure. Although free
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tissue transfer remains the conventional reconstructive option
for plantar heel defects, this case illustrates that staged biologic
reconstruction may represent a valuable limb-salvage strategy
in carefully selected patients when immediate definitive
reconstruction is not feasible or when individualized patient
factors support an alternative approach. Further comparative
studies are warranted to define the role of fish-skin xenografts
relative to other biologic and synthetic wound matrices in

complexlower-extremity trauma.

Clinical Message

Traumatic degloving injuries, particularly those involving tissues
with poor wound-healing properties like the heel, may benefit from
sequential applications of fish-skin xenografts in definitive soft-
tissue reconstruction.
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