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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: 4 The purpose of this study was to demonstrate use of a distally based peroneus brevis muscle flap in high-risk

patients with diabetes and peripheral vascular disease for limb salvage of nonhealing heel ulcerations. Seventeen

Sglﬁ::;n prevention patients were referred for a below-knee amputation because of nonhealing heel ulcerations and peripheral
calcaneus vascular disease. As a last resort, 17 distally based peroneus brevis muscle flaps were elevated in 17 patients with
limb salvage full-thickness heel ulcerations measuring an average defect size of 14.11 cm?2. All flaps were supplemented with
orthoplastic concentrated bone marrow aspirate, negative pressure wound therapy, bilayer wound matrix, and static external
wound care

fixation for an average time of 10.3 weeks. Split-thickness skin graft was delayed by an average of 17.5 days. All
procedures were performed on patients diagnosed with diabetes, advanced peripheral arterial disease and a
nonhealing heel ulcer present >1 year. All flaps survived at 1.5 years follow-up. The average time to healing was
10.3 weeks. No major amputations were performed to date. Partial tip necrosis occurred in 2 patients and healed
uneventfully with local wound care. Distally based peroneus brevis muscle flaps in patients with diabetes and
peripheral vascular disease offer a reliable alternative to limb salvage for full-thickness heel ulcerations measuring
up to 7 x 6 cm. Combinatorial procedures are necessary to improve outcomes in high-risk patients whose alterna-

tive is a major amputation.

Published by Elsevier Inc. on behalf of the American College of Foot and Ankle Surgeons.

Heel ulcers are challenging wounds for foot and ankle specialists.
Even with the gold standard of off-loading with total contact casts,
there is a high failure rate (up to 63.3%) with conservative approaches
(1). Multiple options for wound coverage include free flaps, local fascio-
cutaneous flaps, and muscle rotational flaps, all with good success in
healthy patients.

Diabetes has been erroneously thought of as a relative contraindica-
tion to flaps. More recently, Oh el al (2) have demonstrated success in
121 microsurgical free-tissue transfer with an overall limb salvage rate of
84.9%. The 5-year survival rate was 86.8% compared with patients with
above-the-ankle amputation at 41.4% (p < .001) (2). However, free flaps
require microsurgical expertise, specialized microscope, and long operat-
ing time. Additionally, many patients are not candidates for free flaps.

Other methods can be used, such as use of allografts, skin grafts,
negative pressure wound therapy, calcanectomies, and propeller type
flaps, to name a few. However, once these options have been exhausted,
approaching the reconstructive ladder in a stepwise fashion from sim-
ple to more advanced was the next option. In this case, the distally
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based peroneus muscle flap was chosen based on previous reports of
success, relative ease of dissection, and low functional morbidity in
sacrificing this muscle.

The distally based peroneus brevis muscle flap has been reported with
success for small- to medium-sized defects of the distal leg and ankle; it
is often preferable because of its reliability and ease of dissection and is
economical (3—24). Pers and Medgyesi (3) established it as a workhorse
flap for the lower leg. However, Hallock (25) reported that this is not
ideal in patients with peripheral vascular disease, risking higher wound
complication rates. Unfortunately, patients with diabetes and peripheral
vascular disease have limited options, and many revert to a major ampu-
tation. We present a case series of successful muscle transfers in high-
risk patients with diabetes and peripheral vascular disease who were
referred for a below-knee amputation because of a nonhealing heel ulcer.

Review of the Literature

Barr et al (26) and Saydam et al (7) first reported the clinical
use of distally based peroneus brevis muscle flap. Barr et al (26)
reported 100% flap necrosis, which may be the reason it was dis-
couraged early on. Several reports since then have shown success-
ful use of this flap with better understanding of the anatomy,
including a review by Ensat et al (20) reporting on 192 cases, the
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Fig. 1. Preoperative heel ulceration will be sharply debrided until healthy viable tissue is
visible.

largest study to date. The flap was first described as a type 2 mus-
cle by Mathes and Nahai (27) classification but later was reclassi-
fied as a type 4 (9,28). The segmental nature of this muscle allows
its use as either a proximally or distally based flap as long as the
axial vessel remains intact during dissection (20,23).

Few reports indicate successful healing in patients with diabetes,
and no reports have been found in the face of peripheral vascular dis-
ease as of this writing. Therefore, the author (E.R-C.) found it necessary
to apply a regenerative medicine approach to maximize healing

potential in difficult-to-heal wounds as described in detail previously
(29). Regenerative medicine has numerous definitions, but generally
speaking it includes techniques that allow the regeneration of loss tis-
sues such as using bone marrow aspirate and platelet-rich plasma to
promote angiogenesis of muscle as in our case series. These techniques
are used when prior conservative measures have failed, such as local
wound care and noninvasive offloading of heel wounds.

Peripheral vascular disease will increase wound complications,
and use of muscle flaps has been discouraged in this population
(25). However, with the increasing incidence of diabetes and con-
comitant rise in peripheral vascular disease, there is a need to per-
form rapid wound closure with the least morbid technique while
achieving reliable results to prevent major amputations (30).

Surgical Technique

Surgical technique in muscle harvesting has been described in detail by
others (23). All patients consented to a below-knee amputation owing to the
absence of the dorsalis pedis and posterior tibial artery and were selected
for the peroneal brevis muscle flap as a last attempt to salvage the limb if
angiograms interpreted by the interventional radiologist had 1 distal runoff
via the peroneal artery. Serial wound bed preparation was performed until
it was clinically judged by the surgeon to be free of gross infection, necrotic
tissue, or both (Fig. 1). No patients were suspected of having osteomyelitis
and were not routinely on antibiotics; therefore, bone was not resected in
any of these cases. No tourniquet was used throughout the procedure.

General anesthesia was administered, and the patient was positioned in
a slight lateral decubitus position on the operating table. A linear incision
was carried 1 cm behind the fibula from proximal to distal exposing the
entire lateral compartment. Care was taken to retract the superficial pero-
neal nerve found consistently at the middle third of the fibula. The pero-
neus brevis muscle was carefully dissected free from the peroneus longus
and then detached from its origin at the proximal fibula until the pivot
point was reached, typically about 5 to 6 cm proximal to the distal fibula.
Viability of this muscle relies on the peroneal artery being intact and can be
identified with a handheld Doppler scanner throughout the dissection.
Once the muscle was freed, it was observed for edge bleeding and then
transposed to cover the full-thickness heel defect and sutured peripherally
with absorbable suture (Figs. 2 and 3).

The addition of adjunctive therapies was systematically applied to
all selected patients to maximize healing potential in this particular
population because they had several comorbidities and were at high
risk for major amputation. Each modality has been described in the fol-
lowing referenced literature.

Integra bovine collagen Bilayer Matrix Wound Dressing (Integra
LifesSciences, Plainsboro, NJ) was applied on top of the muscle flap and

Fig. 2. Distally based peroneus brevis muscle being transposed to cover heel defect.
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Fig. 3. The distally based peroneus brevis muscle is transferred onto the heel defect and tunneled.

-

Fig. 4. Bilayer skin substitute applied on the muscle flap and stapled peripherally.

secured with staples (Fig. 4). Concentrated bone marrow aspirate
(cBMA) was injected into the implantation bed as described previously
(29,32). Negative pressure wound therapy (using a vacuum-assisted
closure [VAC] device; Kinetic Concepts, San Antonio, TX) was applied
for 7 to 10 days at 75 mm Hg of pressure (22,31). For off-loading, a
static external fixator was applied with 2 wires crossing the tibia at 60°
and 2 opposing wires in the foot to bypass the calcaneal area (Fig. 5).

The silicone layer of the bovine collagen bilayer wound matrix was
removed at 17.5 days (range 7 to 27 days), and a split-thickness skin
graft (0.018”) was applied over the bovine collagen bilayer wound
matrix graft for definitive closure. External fixation was removed when
wounds healed, averaging at 10.3 weeks (range 6 to 21 weeks) (Fig. 6).
A second case example is shown in Figs. 7—9 for covering heel ulcera-
tion in the diabetic patient.

Patients and Methods

Data were collected from January 2014 to December 2016. Seven-
teen patients were referred for a below-knee amputation owing to a
nonhealing heel ulcer and advanced peripheral vascular disease, con-
firmed by angiography and the treating vascular surgeon. Preopera-
tive Doppler scans confirmed the absence of the dorsalis pedis and
posterior tibial artery, but presence of the peroneal artery remained,
which was detected 5 c¢cm proximal and posterior to the distal fibula.
These patients were then selected for limb salvage as a last resort
if they had wounds that were relatively small to medium sized.
All patients had type 2 diabetes mellitus, 6 also had hypertension,
and 1 person admitted to smoking (Table). No patients had a contra-
lateral or ipsilateral limb amputation.

Seventeen distally based peroneus brevis muscle flaps were elevated
in 17 patients (10 males, 7 females) to cover full-thickness heel ulcers
and exposed bone. Ulcer size was 2 to 7 ¢cm in width (medial to lateral)
and 3 to 6 cm in length (proximal to distal). The average surface area
was 14.11 cm? (range 6 to 27), and time in the external fixation was
10.3 weeks (range 6 to 21). The average days to the split-thickness skin
graft was 17.5 (range 7 to 27).

Results

Seventeen patients with type 2 diabetes underwent a distally based
peroneus brevis muscle flap to cover heel defects in 17 patients
(10 males, 7 females). The mean average patient age was 52 years
(range 37 to 69). The follow-up period was 1.5 years.
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Fig. 5. Application of a static external fixator device.

Fig. 6. When the split-thickness skin graft is healed, the negative pressure wound ther-
apy and external fixator are removed.

All heel ulcers were present >12 months. The surface area of the
defect averaged 14.11 cm?. Time to removal of the external fixation was
also time of flap healing and averaged 10.3 weeks. Flap survival was
100% with 2 partial tip necroses that healed uneventfully with local
wound care. Minor complications such as pin site irritation caused by
wire loosening were easily resolved with a Russian tensioning tech-
nique in the office. No report of osteomyelitis or major amputation was
observed. The split-thickness skin graft from the donor site of the calf
healed uneventfully as well. Results were satisfactory to both patient
and surgeon with durable coverage and maintenance of limb length.

Discussion

Heel ulcers are difficult to treat because of the challenge of off-load-
ing this area. Even with total contact casts, a gold standard for plantar
neuropathic ulcers, it has not been recommended for heel ulceration

Fig. 7. Another example of a heel ulceration in a 56-year-old male with osteomyelitis in
the calcaneus, status-post sharp excisional debridement to prepare the wound bed.
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Fig. 8. Removal of a static external fixation device once the bilayer skin substitute overlying the distally based peroneus muscle transfer is integrated.

owing to the high failure rate 63.63% (1) and redistribution of pressure
added to the heel (33).

Results from this study argue against Hallock (25) that patients with
peripheral vascular insufficiency are not good candidates because of its
high complication rates. We observed 100% partial or complete flap via-
bility, and 2 patients had distal tip necrosis that healed without addi-
tional surgery time. What is different in our study is that the combined
approach to optimize flap viability with cBMA, bovine collagen bilayer
wound matrix, use of a VAC device, external fixation, and delaying time
to definitive wound closure is necessary in more high-risk patients. We
are in agreement that if the pedicle to the flap is not audible by Doppler
scanning, then another procedure should be considered.

The limitation to this study is that the patient selection for this
type of combinatorial approach is specific to a particular patient

Fig. 9. After the bilayer skin substitute promotes base granulation, a split-thickness skin
graft is applied, healing the heel wound completely.

type. For our study, patients were referred for a below-knee amputa-
tion and were evaluated for a limb salvage approach, understanding
that they might still undergo major amputation with their comorbid-
ities. Another limitation to our study is inherent in the nonrandom-
ized design, and the relative contribution of each modality remains
to be determined. Given the time-sensitive nature of amputation pre-
vention, complex wounds demand an integrative approach in ortho-
plastic techniques to limb preservation. One may need to consider
the financial burden related to limb salvage operations versus the
cost savings of amputations in the long run, including loss of income
and loss of independence. It would be worthwhile for future investi-
gations to evaluate cost-benefit analysis of each combinatorial
modality while still maintaining a relatively high success rate of limb
salvage. This study demonstrated 100% success of flap survival with
the combined approach.

Difficulties and risks involved in performing this procedure are simi-
lar to any other muscle flap harvesting. In particular, the peroneus bre-
vis muscle can easily be damaged at the origin, which is often buried
under the peroneus longus muscle. Damage while dissecting at the
muscle insertion consequently can limit the distal reach, which is most
needed for covering foot defects. Careful dissection, good hemostasis
control, and use of intraoperative Doppler scanning and vascular clips
to test viability of the muscle while perforators are sequentially
clamped ascertains the success of this muscle flap. Additionally, stan-
dard wound care principles of off-loading the pressure point must be
used to protect the flap during healing. After reconstructive surgery to
treat heel wounds, the calcaneal gait must also be managed with the
patient either using a wheelchair if they are unable to walk and only
using the limb to transfer or using a patellar tendon brace to reduce
pressure on the heel.

In conclusion, the distally based peroneus brevis muscle is reliable in
closing heel defects of up to 14.11 cm? in size for high-risk patients facing
a major amputation, including diabetic patients with advanced periph-
eral vascular disease. To heal difficult wounds, multiple strategies are
necessary to ensure limb salvage success, and this report supports the
use of cBMA, bovine collagen bilayer wound matrix, VAC therapy, static
external fixation, and delaying of split-thickness skin graft applications.
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Table

Patient demographics, wound sizes, and outcomes (N =17)

Patient No. Sex Age Comorbidities Heel Ulcer Size Surface Area Time in Ex-Fix Time to STSG Outcome

(medial->lateral, (cm?) (wk) (d)
proximal->distal) (cm)

1 F 52 DM2 3x4 12 11 22 Healed

2 F 47 DM2 45x%x6 27 17 27 Healed

3 M 64 DM2, HTN 2x3 6 21 14 Partial tip
necrosis

4 F 68 DM2, HTN 6 x4 24 10 18 Healed

5 M 44 DM2 5x3 15 13 13 Healed

6 M 46 DM2, HTN 4x4 16 8 17 Healed

7 F 53 DM2 7%x3 21 10 22 Healed

8 F 54 DM2 6x3 18 9 27 Partial tip
necrosis

9 M 67 DM2 3x4 12 6 8 Healed

10 M 60 DM2, HTN 2x3 6 12 9 Healed

11 M 39 DM2 3x3 9 7 11 Healed

12 F 49 DM2 4x4 16 6 15 Healed

13 M 37 DM2, HTN 5x3 15 7 37 Healed

14 M 53 DM2 2x3 6 7 17 Healed

15 F 34 DM2, HTN 3x3 9 11 7 Healed

16 M 45 DM2, smoker 4x4 16 9 11 Healed

17 M 69 DM2 4x3 12 11 22 Healed

Avg: 52 All full thickness to bone 14.11 10.3 17.5

Abbreviations: Avg, average; DM2, type 2 diabetes mellitus; Ex-Fix, external fixation; F, female; HTN, hypertension; M, male; STSG, split-thickness skin graft.
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