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Abstract

Introduction In this study, we present a prospective series
of medial triceps free flaps for ankle and foot complex
defects coverage and discuss its numerous advantages.
Materials and methods Between January 2011 and
December 2012, eight patients, two women and six men
underwent medial triceps brachii (MTB) free flap proce-
dure to cover defects localized at the ankle and foot in
our department. Patient mean age was 37.3 £ 15.2 years
at the time of surgery (range of 13-53 years). Mean
defect size to be covered was 21.8 £+ 9.9 cm?. The bone
was exposed at the level of the calcaneum in six cases, at
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the level of the forefoot in one case, and at the level of
the lateral malleolus in one case. Special attention was
accorded to intra-operative findings. Flap survival and
complications on both the donor and recipient site were
prospectively evaluated.

Results Mean MTB  flap raising time  was
51.3 &+ 6.0 min. All the flaps survived and there was no
partial flap necrosis. A skin graft was performed after a
mean time of 11.8 £ 2.1 days post-operative. The mean
follow-up was 18.1 £ 3.8 months. Complications at the
donor site level included one hematoma and a case of
hypertrophic scar. Complete healing of both the donor and
recipient sites was achieved in all cases.

Conclusions MTB free flap appears to be a useful option
for covering small to medium defects in lower limb
extremities. Due to the constant anatomy of the MTB
nerve, we suggest that the flap could also be used as an
innervated free flap for small or medium muscular reani-
mation such as sequelae of forearm and hand muscle
impairment, or facial palsy.

Keywords Free Flap - Ankle - Cankle - Forefoot - Free
medial triceps flap - Triceps - Flap

Introduction

Open wounds and defects in the lower extremity result
from trauma, tumor resection, and chronic diseases such as
peripheral vascular disease and diabetes [1]. The goal of
lower extremity reconstruction is the coverage of defects to
give patients a healed wound and to let them resume their
life, ambulate, and go back to work while preventing
amputation. Hence, the great importance of reconstructive
surgical techniques for covering lower extremity defect to
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Table 1 Patients’

N Sex Age Nicotine
demographics
1 M 53 +
2 F 24 —
3 F 42 —
4 M 25 +
5 M 52 +
6 M 13 -
7 M 52 +
8 M 37 —

restore the patients’ physical, social, and economical life
back to its normal limits [2—6].

Since the first work of Jacobson and Suarez, microsur-
gery has steadily developed [7-13] and microsurgical
transfer of muscle is now commonly used for the coverage
of difficult wounds at the ankle and foot level. Most
common procedures include gracilis transfer [14], latissi-
mus dorsi [15], serratus anterior, and rectus abdominis
transfer. However, the most common complication of these
procedures is the bulky aspect of the flap at long-term
follow-up.

To overcome these difficulties, other teams have pro-
posed smaller muscular flaps including pyramidalis muscle
[16], anconeus muscle [17], and iliacus muscle [18]. Since
our anatomical study [19] and first case report [20], we
have used the free medial triceps brachii (MTB) because its
smaller size and plasticity both match the surgical defect
and avoid bulky aspect at long-term follow-up.

In this article, we present a prospective series of MTB
free flaps for ankle and foot complex defects coverage and
discuss its numerous advantages. We reviewed the final
aspects of the lower extremities and the complications. Our
results are discussed and compared to the current literature.

Table 2 Origin and size of the defects covered in our series

Materials and methods
Patients

This prospective clinical study protocol was performed
following the ethical guidelines of the University of Bor-
deaux and conducted on eight patients. Inclusion criteria
were: patients of all ages, of both sexes, operated on
between January 2011 and December 2012, who under-
went MTB free flap procedure to cover defect with oste-
omyelitis localized at the ankle and foot level in our
department. The eight patients, two women and six men,
had a mean age of 37.3 & 15.2 years at the time of surgery
(range of 13-53 years) (Table 1).

Etiologies

Etiologies of the defect was traumatic in three patients,
pressure shore in one case, gun shot in two patients, dia-
betes in one case, and iatrogenic in one patient (Table 2).
Mean defect size was 21.8 +£9.9 cm”® (range of
9-37.5 cm?). The bone was exposed at the level of the
calcaneum in six cases, at the level of the forefoot in one
case, and at the level of the lateral malleolus in one case.
The defects were chronic in four cases, and acute in the
remaining four cases. The involved lower extremity was
right in four cases, and the left in four cases.

Surgical technique

The MTB flap was always raised on the non-dominant side
of the patient [20]. The operative field was prepared with
drapes around the shoulder. This was anteriorly flexed,
with the elbow at a right angle, using a simple armrest. The
depression between the lateral and long head of the triceps

N Type Origin Delay Localization Size  Bacteriology
before (sz)
surgery
1 Chronic Gun shot 21 months Calcaneum 17.5  Sphingobacterium spiritivorum, Pseudomonas aeruginosa, Serratia
marcescens, Enterococcus faecium, Methicillin-resistant staphylococcus
epidermidis, Escherichia coli, Candida parapsilosis
2 Chronic Pressure shore 10 years Calcaneum 24 Methicillin-resistant staphylococcus epidermidis, Proteus mirabilis
3 Acute latrogenic 26 days Calcaneum 9 Methicillin-sensitive staphylococcus aureus, Streptococcus agalactiae
4 Acute Open fracture 75 days Calcaneum  15.75 Methicillin-sensitive staphylococcus aureus
car accident
S Acute Open fracture 75 days Ankle 37.5  Proteus, Escherichia coli
boat accident
6 Acute Gun shot 5 months Forefoot 31.5  Pseudomonas lugdunensis, Bacillus cereus
Chronic  Diabetic 3 years Calcaneum 12 Methicillin-sensitive staphylococcus aureus
8 Chronic Car accident 14 years Calcaneum 27 Methicillin-sensitive staphylococcus aureus
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Fig. 1 a Installation: shoulder anteriorly flexed, elbow at a right
angle; b The tendinous part of the triceps is exposed and incised along
its medial border; ¢ The long and lateral heads are both retracted,
showing the MTB and its pedicle; a The posterior RCA is left

(posterior to the deltoid tuberosity) was found by palpation.
A vertical line was drawn from this point to the olecranon
fossa (Fig. 1). Skin and subcutaneous tissue were then
incised along this line. This incision was stopped proxi-
mally to the olecranon fossa. The tendinous part of the
triceps muscle was directly exposed and incised along its
medial border, separating the long and lateral heads. A
cleavage plane was found, superficially separating the lat-
eral and long heads from the medial head. Using retractors
placed on the lateral and the long heads, the medial head
was exposed. Distal to the radial groove, the medial head
was separated from the lateral border of the humerus,
following the lateral intermuscular septum, laterally leav-
ing in place the posterior radial collateral (RC) vessels.
One or two collateral branches to the lateral head were
ligated. Just proximal to the olecranon fossa, the flap was
harvested transversally from the humerus with electrocau-
tery, coagulating anastomotic branches of the MCA for the
vascular circle of the elbow. The flap was then dissected
from the long head and the posterior aspect of the humerus
using rugine and bipolar electrocautery. This dissection

e

laterally. The flap is dissected from the posterior aspect of the
humerus with a rugine; e Medially, the flap is harvested along the
medial border of the humerus. The MTB is isolated on its pedicle

should be limited to the medial border of the humerus; the
ulnar nerve was not visualized during the dissection. One
or two small collateral branches from medial collateral
(MC) vessels for the long head were carefully ligated.
Proximally, retractors were placed on the bellies of the
lateral and long heads, allowing vessels and nerves to be
exposed for dissection until the radial nerve groove. The
MC pedicle was dissected and separated from the radial
nerve and its sensitive branches, following it to its origin at
the deep brachii artery (DBA). A few proximal muscle
fibers were sectioned between the MC pedicle and the
humerus allowing for full flap mobilization. To lengthen
the pedicle, RC vessels were ligated at their origin from the
deep brachii (DB) vessels, including those as the main
pedicle.

The flap isolated on its pedicle was then harvested
(Fig. 2). Interrupted, absorbable sutures were used between
the lateral and long bellies, as well as an overlapping,
continuous suture to restore the triceps muscle and tendon
continuity. Primary skin closure of the cutaneous incision
was performed by intra-dermic absorbable suture.
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Fig. 2 The MTB flap and its pedicle (black arrow)

Post-operative care

At the donor site, a compressive dressing was placed for
48 h and the arm was kept in an elevated position on a
pillow. Assessment of the flap was performed every hour
using the following criteria: color, temperature, and tur-
gor. Post-operative anticoagulation included 4,000 UI
Anti-Xa/0.4 mL for the first two weeks post-procedure
and Aspirin (Aspégic 250 mg PO) for the first three
months post-procedure. Post-operative treatment included
two weeks of intra-venous antibiotics, followed by four
weeks of oral antibiotics. The patients were allowed
partial weight bearing and rehabilitation of the lower limb
according to the progression of bone healing. Rehabili-
tation of the upper limb started one week after the
procedure.

Intra-operative assessment

Mean time necessary to raise the MTB flap was recorded
each time. Intra-operative complications were systemati-
cally registered. Length, width, thickness, and total surface
of the medial head of the MTB were registered precisely.
Pedicle length and diameters of the vessels were also
precisely measured at 40x magnification.

Outcomes assessment

For each follow-up, complications were carefully recorded
both at the donor and recipient site levels. At the donor site
level, special attention was paid to post-operative neuro-
logic evaluation of the upper limb. Mean time between the
free flap procedure and the definitive coverage with mesh
graft was registered in each case.

@ Springer

Measured parameters

In this study, eight patients with defects at the ankles and
foot levels underwent coverage with medial brachii free
flap. Data analysis was performed using SPSS program
(SPSS v. 22.0). Data are presented as mean =+ standard
error of the mean.

Results
Intra-operative findings

Mean flap raising time was 51.3 + 6.0 min. There were no
intra-operative complications. Intra-operative findings are
reported in Table 3: The mean length of the medial head of
the triceps brachii was 11.2 £ 1.7 cm (range 9-14 cm).
Mean width of the flap was 3.6 £ 0.5 cm (range 3.0-4.5).
Mean flap thickness was 2.1 + 0.2 cm (range 1.8-2.4 cm).
Total flap surface was 41.1 + 12.7 cm®  (range
27-63 cm?). The mean pedicle length was 1.9 & 1.1 cm.
The mean artery and vein diameters were, respectively,
1.1 £0.1 and 1.2 £ 0.1 mm.

Complications at the donor site

One hematoma occurred at the donor site on day two post-
surgery, requiring a tight dressing. Three months after
surgery, one case of hypertrophic scar occurred at the
donor site. A compressive silicon garment was used for
this. An extension range of 0° was measured for all
patients. No complaints about strength loss and no neuro-
logic deficits were reported.

Flap outcomes (Figs. 3, 4)

All the flaps survived and there was no flap partial necrosis.
A skin graft was performed after a mean time of
11.8 &£ 2.1 days (range 8-15 days) post-operative. The
mean follow-up was 18.1 & 3.8 months. Complete healing
of recipient sites was achieved in all cases.

Discussion

In this study, eight patients with defects at the ankle and
foot level underwent coverage with MTB free flap. All the
flaps survived and a complete healing of both the donor and
recipient sites was achieved in all cases. Complications at
the donor site level included one hematoma and a case of
hypertrophic scar.

A number of surgical options have been described that
treat traumatic loss of substance, or chronically infected
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Table 3 Dimensions and N Flap Flap Flap Flap Pedicle  Vessels Flap Flap Complications
outcomes of the medial triceps length  width thickness surface size diameter ~ raising  survival

brachn.free flap procedures in (cm) (cm)  (cm) (cm?) (cm) (AIV) time (1/0)

our series (mm) (mln)

1 11 35 22 385 1.5 1.1/1.4 52 1 -

2 10 35 1.9 35 1.5 1.0/1.1 55 1 Hypertrophic
scar at the
donor site

3 10 3 1.9 30 1 1.0/1.2 44 1 -

4 105 35 1.8 36.6 1.5 1.3/1.1 56 1 -

5 12 35 2.1 42 2 1.2/1.4 44 1 -

6 13 4 2.1 52 2 1.1/1.2 61 1 -

7 9 3 2 27 45 1.0/1.1 47 1 -

8 14 45 2.4 63 1 1.1/1.2 51 1 Hematoma at
the donor
site

Fig. 3 a, b A 52-year-old man presented a diabetic chronic wound
involving the left calcaneal bone (Patient 7 of the series). The patient
was referred to plastic surgery for soft tissue coverage and treatment
of chronic osteomyelitis. After soft tissue and bone debridement, he
presented a 4 x 3 cm soft tissue defect; ¢ The MTB flap was

designed and transferred microsurgically as well. The MC vessels
were anastomosed to the posterior tibial vessels while a meshed skin
graft was applied to the flap; d Four months later, the patient was
walking almost normally and demonstrated a well-healed wound with
only a mild contour deformity. e The donor site healed uneventfully
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Fig. 4 a A 42-year-old woman underwent orthopedic surgery for a
calcaneal tumor (Patient 3 of the series). At two weeks follow-up, the
wound broke down and exposed the bony structures. The patient was
referred to plastic surgery to treat osteomyelitis. After debridement,
she presented a 3.5 x 3.5 cm soft tissue defect; b A medial triceps

wounds of the foot and ankle, including pedicled or free
muscle and fasciocutaneous flaps [21]. In cases of severe
trauma injury to the lower leg and foot, pedicled flaps
should be considered, because the vascular axes are inter-
rupted in most patients. However, if no local flap is suitable
due to poor quality of the surrounding tissue, and the main
arteries have been preserved, a free flap would be indi-
cated. In particular, fasciocutaneous and muscular free
flaps have been used to fill defects with well-vascularized
tissue [22, 23]. Muscular flaps have better blood flow,
expediting bone healing in early phases of repair [22-25].
In a recent review of the literature, Chan et al. concluded
that in open fractures of the lower limb, where the bone is
exposed, the muscle conforms better to complex defects
and its plasticity helps to obliterate the dead space [21].
All of our patients had deep defects of the ankle and
foot, with bone exposure and positive bacteriological
examination, requiring that they be obliterated with well-
vascularized tissue; therefore, a muscular free flap seemed
to be the best option. As detailed in the introduction sec-
tion, different surgical options do exist in the use of free
muscle flap, but most of them have drawbacks, including a

@ Springer

muscle flap was designed and transferred microsurgically. The MCA
was anastomosed to the dorsalis pedis artery and the flap was covered
by a split-thickness skin graft; ¢, d Five months later, she demon-
strated a completely healed wound with no contour abnormality

flap that is too bulky and functional deficit of the donor
site. Instead of using part of a large muscle (e.g., gracilis
[14], latissimus dorsi [15], serratus anterior, and rectus
abdominis) and affecting its function, smaller muscular
flaps including pyramidalis [16], anconeus [17], or iliacus
[18] have been proposed.

Following our previous anatomical studies as well as our
previous clinical experience with the pedicled flap [19] and
first case report [19], we considered several options and
then decided to use the medial head of triceps free flap in
patients of the present study. Its pedicle (middle collateral
vessels) has been shown to be constant. The flap widens
from its pedicle to its distal part. Its average size was
41 cm? and 2 cm in thickness: it fitted well in the recipient
defects, on average 22 cm2, but 4-5 cm in depth. Due to
plasticity of the muscle, the flap was easy to model and
then fill the wound defect. In addition, we observed no
necrosis of the flap, so that the overlying graft was
accepted each time. Concerning the donor site, the medial
head of the triceps muscle does not exceed 25 % of the
total mass of the muscle [19] and its precise role in overall
muscular function is unclear: there was no complaint about
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forearm extension impairment in treated patients; never-
theless, the flap was harvested on the non-dominant arm.
Both the long and lateral muscle (and their portion of the
common tendon) can be easily closed. The ulnar nerve,
which is medially located, was never exposed in our dis-
section, minimizing the risk of nerve injury. The radial
nerve was clearly seen and easily preserved during pedicle
dissection. No sensory loss was reported at the donor site.
Drawbacks of the MTB free flap include (1) its small size
and short pedicle, making it suitable exclusively for limited
defects; (2) the anatomy of the region, requiring an expe-
rienced surgeon; and (3) the visibility of the scar of the
donor site, especially in female patients.

Due to the constant anatomy of the MTB nerve, we
suggest that the flap could also be used as an innervated
free flap for small or medium muscular reanimation such as
sequelae of forearm and hand muscle impairment, or facial
palsy. Moreover, the medial head of the triceps muscle has
a strong tendon, which could be partially harvested for this
purpose. It would represent an alternative option to using
parts of larger muscles (e.g., latissimus dorsi [26], rectus
femoris [27] or gracilis [28]) or similar small muscle flaps
(e.g., pectoralis minor [29], serratus anterior [30], coraco-
brachialis muscle [31].

Despite the innovative aspect and the relative long fol-
low-up of our series, three methodological limitations
remain. Firstly, this study was limited by its nature as a
non-controlled analysis. It would be of interest to compare
precisely the MTB flap with similar small muscle flaps.
Moreover, the number of patients was small. However, at
the beginning of our clinical experience, we have decided
to limit the use of the MTB flap to precise defect locali-
zation and defect sizes. Actually as discussed above, we
have decided to extend the indications of this flap. Finally,
this study did not focus on the donor site morbidity, e.g.,
the post-operative strength of the triceps in comparison to
the healthy side. This will be reported in another study
focusing on the donor site [32].

Conclusion

The MTB free flap appears to be a useful option in cov-
ering small to medium defects in lower limb extremities.
Due to the constant anatomy of the MTB nerve, we suggest
that the flap could also be used as an innervated free flap
for small or medium muscular reanimation such as
sequelae of forearm and hand muscle impairment, or facial

palsy.

Conflict of interest The authors declare that there is no conflict of
interest.
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