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Abstract

Introduction: Reconstruction of the surgically created defects in the head and neck regions is a crucial step in the patients’ treat-
ment plan. Regarding the involved tissues, various flaps and grafts have been introduced in the literature. The pectoralis major
myocutaneous flap (PMMF) is one of the most versatile flaps with many variations for providing more advantages. Also, when bone
tissue is needed, it can be reconstructed via an osteomyocutaneous flap including rib, sternum, or clavicle.
Case Presentation: In this article, a case of oral squamous cell carcinoma with the extension to facial structures and, then, recon-
structed with PMMF was presented, in which a medial half of clavicle bone was resected and employed as a free bone graft.
Conclusions: Sectioning clavicle not only increases the arc of rotation and mobility of the PMMF but also provides a new source of
bone graft in the vicinity. Besides, the survival of the graft and integration with the native bone is noteworthy.

Keywords: Squamous Cell Carcinoma, Clavicle, Bone Transplantation

1. Introduction

Since Ariyan’s description in 1979, the pectoralis ma-
jor myocutaneous flap (PMMF) has been the mainstay of
reconstructive techniques for large soft tissue defects in
the head and neck areas after ablative cancer surgery (1,
2). Also, its easy access to the flap, reliable vascular sup-
ply, technical simplicity, coverage of the exposed vessels
by muscle after neck dissection, and the ability to provide
bulk for obtaining better cosmetic results made it a popu-
lar option among the onco-reconstructive surgeons (3, 4).
Since the PMMF inception, many variations to increase its
benefits for the patients’ needs have been proposed. Some
of these variations modified the flap to include a bony part
and, then, changed it to an osteomyocutaneous flap (5). In
this article, a full paddle PMMF was applied to cover a large
surgical defect in a case with oral squamous cell carcinoma
(SCC) spread to the facial structures. The medial portion of
clavicular bone was also removed (6, 7) and was, then, em-
ployed as a free bone graft to reconstruct the mandibular
segmental defect. Accordingly, this method can be consid-
ered an innovative choice for bone graft in such cases.

2. Case Presentation

A 67-year-old Afghan male patient with a chief com-
plaint of a large ulcer on his face was referred to the Oral
and Maxillofacial Department of Taleghani Hospital. The
patient stated that there was a painful swelling on his
right mandibular region, which made him seeking proper
medical care in Kabul, Afghanistan since 5 months ago.
Two months later, he underwent segmental resection of
the right mandibular body. Also, there were no docu-
ments for the pathologic diagnosis of the lesion and pre-
vious interventions performed in Afghanistan. Also, habit-
ual and medical histories were clear. Extraoral examina-
tion revealed a large lobulated cauliflower-like mass with
caseous necrosis, ulceration, and pus formation (Figure
1A). Tumor size was approximately 9 × 8 × 7.5 cm. More-
over, two ipsilateral submandibular lymph nodes were pal-
pated, which were reactive to previous surgical interven-
tion. On intraoral examination, he was edentulous and
a white keratotic patch was also seen on his right retro-
molar region. The scar of previous surgery was also re-
markable on his right mandibular ridge. His panoramic ra-
diograph demonstrated a segmental resection of the right
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mandibular body and a poor reconstruction of the de-
fect with a mini plate. According to the lack of a docu-
mented pathologic report, the patient was scheduled for
an incisional biopsy that established the diagnosis of well-
differentiated, keratinizing SCC. Giving the grading system
and due to the size and depth of the lesion, the fourth
stage was confirmed for tumor. Besides, a whole workup
for metastasis was clear; therefore, he was a candidate for
the resection of the tumor and the first-stage reconstruc-
tion. Informed consent was taken from the patient based
on hospital policy.

2.1. Surgical Procedure

On the theatre, after inducing general anesthesia and
prepping, a margin of 1.5 cm to 2 cm was marked. Con-
cerning the size of the defect, a full paddle PMMF (bear-
ing nipple) was designed for the coverage of the defect. Af-
terward, the lesion was excised in a full-thickness fashion
including skin, muscle, and oral mucosa. All the tumor
margins were free according to the frozen section testing.
Then, the right selective neck dissection (supraomohyoid)
was implemented. In the next step, approximately 1 cm of
the mandibular bone adjacent to the defect was resected
and, then, bridged with a new reconstruction plate. Subse-
quently, after the completion of the flap harvesting proce-
dure, the mid part of the right clavicle was resected to omit
the pressure from the bone during the rotation of the full
paddle pectoralis major flap. This maneuver also helped
to raise the flap more cephalic with minimal tension (6, 7).
The resected clavicular bone was split and, then, applied as
a free bone graft, which was secured to the reconstruction
plate by screws (Figure 1B). The donor site was comprehen-
sively undermined primarily and sutured in 3 layers. The
flap was rotated tension-free and, then, precisely sutured
to the recipient bed in 2 to 3 layers. Eventually, bolster pack-
ing was applied for dead space reduction and molding of
the flap in place (Figure 1C).

After the surgery, the patient was transferred to the in-
tensive care unit for 1 day and was discharged from the hos-
pital after 7 days. The healing period was uneventful. Also,
the final pathologic report confirmed the diagnosis of the
incisional biopsy and reported that all the margins were
free of tumor. After 4 months, he underwent nipple resec-
tion from the flap under local anesthesia.

The clavicle, as a free bone graft, was not only sur-
vived, but it has also reached the adjacent margins of the
mandibular body (Figure 2). There was no sign or symp-
tom for recurrency or any problem related to the bone
graft after a 24-month follow-up. Since there were not any

signs and symptoms associated with recurrence or other
concomitant problems, we used a panoramic image as the
only diagnostic test during the follow-up period.

3. Discussion

Following a radical surgery for cancer treatment, the
first-stage reconstructive phase is almost necessary all the
time. In head and neck regions, there are tremendous
options available, which should be used based on the pa-
tient’s condition (8). Considering that microvascular spe-
cialist and armamentarium is not available in all the op-
erating rooms and because of the well-established advan-
tages of the PMMF, this flap still is the most versatile in
reconstructive surgery (9, 10). For all the authors, who
have introduced the special modifications for PMMF, a
search was performed to find all the variations of PMMF
using neighboring bones. The results of this review are
presented in Table 1. In 1986, Lee and Lore (7) proposed
the resection of the medial half of clavicle bone to ob-
tain an extra length of PMMF and improve the venous re-
turn of the flap by eluding pressure on the clavicle, with
minimal functional deformity. In this case, as the mar-
gins of the tumor were free and it was a well-differentiated
SCC, the patient was not considered a candidate for post-
operative chemoradiotherapy; therefore, the simultane-
ous bone grating was performed for him. Regarding Lore
and Lee modification (7), clavicle bone was resected and,
then, applied as a bone graft without adding another
donor site. So, the segmental defect was grafted to regain
the integrity of the mandible. Interestingly, despite the
gap between the graft and native bone, the clavicle bone
graft has survived and integrated with mandibular mar-
gins. Since no bone material or autogenous bone particles
were used, the gap has been filled spontaneously. The spon-
taneous bone formation has been reported in the litera-
ture with an unknown exact mechanism (11).

In this method, the application of the clavicle as a free
bone graft was performed independent of the PMMF de-
sign. So, it did not limit the utilization of any required
modification needed for the patient’s condition. In os-
teomyocutaneous modifications of this flap, the partici-
pant’s bone limited the inherent potency of the flap such
as a large paddle or special designs (16, 17). Thus, if indi-
cated, this technique can be added to all the other varia-
tions of PMMF, which are needed to reconstruct a bony seg-
ment concurrently.

The limitations of this procedure are the nearby sub-
clavian vessels, which can be considered the source of mas-
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Figure 1. A, Extraoral view of the facial squamous cell carcinoma; B, Post-operative panoramic view shows the reconstructed mandible with plate and clavicle bone graft; C,
The last photo of the patient in the operating room, with bolster packs for dead space reduction.

sive bleeding in case of any careless manipulation; how-
ever, with a precise subperiosteal approach, this problem
can be prevented. After resecting the clavicle, leaving these
vessels with no support of the overlying bone may also en-

counter the patient to a probable fatal hemorrhage in case
of any accidental neck trauma. Accordingly, this problem
should also be explained to the patient.

Long term follow-up is required to see how this graft
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Table 1. Review of the Modifications of Pectoralis Major Myocutaneous Flap (PMMF) Relating to Adjacent Bones

Author Modification Advantages Disadvantages

Green et al. (12) 1981; Robertson (13)
1986; Selber and Ghali (14) 2012

Split sternum pectoralis major
osteo-myocutaneous flap for
mandibular reconstruction

High survival rate due to the excellent
vascularity. Does not require special
facilities for microvascular surgery.

Require another surgery to create an
alveolar ridge

Pearlman et al. (15) 1983 Pectoralis major-fifth rib flap:
osteomyocutaneous flap

Can be used in conjunction with a
neck dissection. Do not require the
patient’s repositioning.

Chest complication such as the risk of
pneumothorax

Lee and Lore (7) 1986 Resection of the medial half of the
clavicle.

Provide an additional length of this
flap by 2 cm to 2.5 cm. Minimal
functional deformity.

Lack of bony protection afforded by
the clavicle for the subclavian and
axillary vessels.

Freeman et al. (6) 1989 Clavicular division and replacing
technique

Decrease the random portion of the
PMMF. No shoulder dysfunction was
noted. A stable clavicle will cause less
shoulder dysfunction than a
free-floating Clavicle. Gain extra
length may decrease the rate of suture
line separation and orocutaneous
fistulas. Bony protection afforded by
the clavicle for the subclavian and
axillary vessels is maintained.

May compromise vascular pedicle of
the flap. Pressure on flap pedicle after
replacement of clavicle.

Seikaly et al. (16, 17) 1997 and 2007 Clavipectoral osteomyocutaneous free
flap

Functional and cosmetic donor site
morbidity is minimal even with the
clavicular harvest. The shoulder
morbidity was minimal. Transferred
clavicles demonstrated good
vascularity.

Relatively short pedicle. It should be
used as a second-line flap owing to the
short pedicle.

Kerawala et al. (18) 2001; Hoffmann
et al. (19) 2006

Subclavicular route Increase the arc of rotation of PMMF
without significantly compromising
its vascular supply. This concept
decreases the bulk of the PMMF
pedicle, which is functionally and
cosmetically favorable.

The bulkiness of the flap makes it
difficult for passing deep to the
clavicle. Fracture of the clavicle

Current technique Division of clavicle and applying it as a
free bone graft

The extra length of the flap can be
obtained. Flap manipulation and
application are independent of the
clavicle bone. A bone graft source
without another donor site. Omitting
pressure from overlying bone to the
flap pedicle.

Lack of bony protection afforded by
the clavicle for the subclavian and
axillary vessels. Regional deformity.

Figure 2. Panoramic view of the patient after 6 months; the clavicle bone has
reached the mandibular body margins and underwent some resorption.

continues to exist. Implant rehabilitation also seems to be
questionable in such a graft by considering its cortical na-
ture and morphology.

3.1. Conclusions

The first-stage reconstruction of ablative surgery is
very important for the patient’s future rehabilitation and
life quality. The reconstructive surgeon should be aware
of all the possibilities to increase the benefit to her/his pa-
tients. Anyway, the application, advantages, and disadvan-
tages of this method should be evaluated in large case se-
ries and clinical trials to consider it a conventional surgical
approach.
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