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Abstract

Background. The sternocleidomastoid can be used as a pedicled flap in head and neck recon-
struction. It has previously been associated with high complication rates, likely due in part to
the variable nature of its blood supply.
Objective. To provide clinicians with an up-to-date review of clinical outcomes of
sternocleidomastoid flap surgery in head and neck reconstruction, integrated with a review
of vascular anatomical studies of the sternocleidomastoid.
Methods. A literature search of the Medline and Web of Science databases was conducted.
Complications were analysed for each study. The trend in success rates was analysed by date
of the study.
Results. Reported complication rates have improved over time. The preservation of two
vascular pedicles rather than one may have contributed to improved outcomes.
Conclusion. The sternocleidomastoid flap is a versatile option for patients where prolonged
free flap surgery is inappropriate. Modern vascular imaging techniques could optimise
pre-operative planning.

Introduction

The sternocleidomastoid regional pedicled flap can be used as a myocutaneous, myofas-
cial, myoperiosteal or osteomuscular flap.1,2 The first sternocleidomastoid flap operation
was reported in 1908. Surgical outcomes have been variable, largely a result of the variable
blood supply to the muscle.1,3–5 The main advantages are that it requires a shorter oper-
ating time compared to free flaps,6 it has reduced muscle bulk, it is associated with
reduced morbidity, and it is a convenient, versatile and hairless tissue.4,7

Free flaps are increasingly used, as a result of advances in microvascular surgery.
However, they are unsuitable when prolonged general anaesthetic cannot be tolerated
or when no microvascular team is available.8,9 It also exposes an additional donor site
to the risk of post-operative complications.8

Regional pedicled flaps avoid the need for microvascular anastomosis. The pectoralis
major is a commonly used reconstructive flap, but often requires incisions outside of
the primary operating field.10,11 It can be too voluminous for some reconstructions,
and there can be excessive adipose tissue, especially in females.8,12 Therefore, a sterno-
cleidomastoid flap may be preferable for some patients.

There is great variety in usage of the sternocleidomastoid flap in the literature, and
there have been many new reports since the most recent general review in 2001.1 As
the use of free flaps is not without flaws, and a pectoralis major flap is not always an
option,8 a reliable alternative for reconstruction needs to be explored. Use of the sterno-
cleidomastoid reconstructive flap should therefore be reviewed, taking into account the
literature from the past 15 years.

Methods

A literature search of the Medline and Web of Science databases was conducted to identify
all articles, published from 1946 to 2016, that reported the use of sternocleidomastoid
flaps. The keywords used were as follows: ‘sterno*mastoid’, ‘flap’, ‘limitation*’, ‘blood sup-
ply’, ‘vascula*’, ‘vessel*’, ‘repair’ and ‘reconstruct*’ (where the asterisk represented a wild-
card symbol). The search was conducted in March 2016 and updated in August 2018.
Exclusion criteria included case series with a small number of flaps used (less than 12)
and studies that were not performed on humans.

The articles were split into case series, anatomical or radiological studies, and surgical
methodology studies. Articles were then sorted by date to ensure the latest surgical tech-
niques were well represented in the literature review.

The analysis of success and complication rates only included studies published from 1980
onwards. Complications were split into five categories based on the complications reported
in the literature, and rates were analysed for each study. The trend in success rates was ana-
lysed by date of the study.
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Arterial supply of sternocleidomastoid

Superior pedicle

The superior pedicle is the sternocleidomastoid branch of the
occipital artery (Figure 1a and b). This is the major blood sup-
ply to the superior third of the sternocleidomastoid, if not the
entire muscle,10,13 and is the pedicle on which the flap has
been based most frequently.1 Fróes et al.14 studied 30 cadaveric
specimens, and found that the thin sternocleidomastoid
branch of the occipital artery entered at the base of the mus-
cle’s superior third, along with the accessory nerve. From
here it supplies the superior third consistently, and can branch
longitudinally below this level or form one main branch.5,14–16

As the superior pedicle almost never reaches the inferior
pole of sternocleidomastoid, a flap based on this alone is
unlikely to be well vascularised at its distal end, which could
lead to ischaemic complications.16 This may have caused
necrosis and flap failure in previous studies that utilised the
superior pedicle only.13,17

Middle pedicle

The middle pedicle of the sternocleidomastoid is either a
branch of the superior thyroid artery (80 per cent), a branch
directly from the external carotid artery (20 per cent)18,19 or
it branches from both.5 These branches can display variety
in origin, and travel superficially to the carotid sheath en
route to the sternocleidomastoid.19

Yugueros and Woods13 suggested that the superior thyroid
artery most likely supplies the entire muscle, though they
based their flaps on only the superior pedicle. Wei et al.20 pro-
posed that the branch from the superior thyroid artery is the
main blood supply to the sternocleidomastoid. Their view
was supported by Khazaeni and colleagues’ successful results,21

basing their flaps on only the middle pedicle. Other reports sug-
gest that the branch from the superior thyroid artery splits to
supply the sternal and clavicular heads separately, thus allowing
the muscle to be divided and one head to be taken as a flap.22

The area supplied by the superior thyroid artery branch
remains controversial, and there is a need for robust anatomical
studies to confirm the area this vessel supplies.

Inferior pedicle

The inferior pedicle is the most disputed.5 It is now thought to
originate from a branch of the suprascapular artery
(Figure 2).5,16 More rarely, the inferior pedicle is a branch of
the superior thyroid artery or transverse cervical artery.5

These variations are important in surgery, as branches from
the transverse cervical artery will appear more cranially than
the usual inferior pedicle.5 The inferior pedicle cannot be
relied on to perfuse the entire muscle, as demonstrated with
the injection of neoprene-latex, which only reached the super-
ior third in 13 per cent of 15 specimens.16

Venous drainage

Venous drainage usually reflects the arterial supply.13 In the
published literature, it is mentioned considerably less than
arterial supply, although its importance is well-
recognised.4,8,17,23 Chen and Chang8 quantified veins left to
drain each flap, which other studies invariably failed to do.
They concluded that the maximum number of veins should
be left, to aid venous drainage. They also suggested conserving

the superior part of the external jugular vein for another chan-
nel of venous flow.

Other studies proposed venous insufficiency as a major rea-
son for flap failure.17,23 Veins are particularly susceptible to
intra-operative injury, so care must be taken not to exert exces-
sive tension.17

Summary of reported complications

Necrosis of the sternocleidomastoid flap is relatively high,
although this is mainly accounted for by partial epithelial
necrosis of the myocutaneous flap (Table 1).3,6,8–10,20,24–26

Partial epithelial necrosis is difficult to prevent, with no con-
clusive evidence that preserving two or more pedicles to the
flap prevents this.4,9,17 Nor does the technique of suturing
the skin to underlying muscle, to decrease the shearing of
skin perforators, seem to prevent partial epithelial necro-
sis.7,13,20 However, as partial epithelial necrosis can nearly
always be relied upon to heal with conservative management
alone, many authors discount the importance of partial epithe-
lial necrosis.1,8,10 Disregarding partial epithelial necrosis would
decrease the complication rate of the sternocleidomastoid flap
to a more acceptable figure.

Interestingly, all of the studies that reported fistula develop-
ment have based the sternocleidomastoid flap upon one ped-
icle.2,3,6,13,24 Authors who have preserved two vascular
pedicles have not reported fistulae. Basing the sternocleido-
mastoid on only one vascular pedicle may lead to greater
risk of fistulae.

Fig. 1. (a & b) Cadaveric dissection images demonstrating the blood supply to
the superior pedicle of the sternocleidomastoid (the red coloured branch is
the sternocleidomastoid branch of the occipital artery). OA = occipital artery; ECA =
external carotid artery; CNXII = 12th cranial (hypoglossal) nerve; OMH = omohyoid;
SCM = sternocleidomastoid; CC = common carotid
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Muscle necrosis has been reported, although very rarely.1

Cho et al.,23 Gołcabek and Kondratowicz,17 and Marx and
Mcdonald,4 all experienced muscle necrosis in their studies.
The number of pedicles does not seem to impact muscle
necrosis, as Marx and Mcdonald4 preserved two, whilst
Gołcabek and Kondratowicz,17 and Cho et al.,23 only preserved
one pedicle.

Overall failure rate, comparison of techniques and
other flaps

The overall complication rate of the sternocleidomastoid flap
varies significantly between studies (Table 1). The majority
of studies, especially more recent ones, have complication
rates between 10 and 30 per cent. As shown in Figure 3,
there is a general trend of decreasing complication rates with
the more recent studies.2–4,6,8–10,13,17,20,23–29 The complication
rates reported in Table 1 were calculated per complication
reported, and so may differ from studies that calculated it
per flap (there were multiple complications per flap).9,23

The flap failure rate concerns those flaps that did not
recover with conservative management.1 The overall failure
rate of the myocutaneous sternocleidomastoid flap, as reported
in Kierner and colleagues’ 2001 meta-analysis,1 was 7 per cent,

Fig. 2. Cadaveric dissection images demonstrating (a) the blood supply to the inferior
pedicle of the sternocleidomastoid (the red coloured branch is the sternocleidomas-
toid branch of the suprascapular artery), and (b) the anatomical relationship of
the sternocleidomastoid to the nerves and vessels of the neck. Yellow = nerves,
red = arteries and blue = veins. SCM = sternocleidomastoid; C = clavicle; CC = common
carotid; ITA = inferior thyroid artery; SCA = superficial cervical artery; SSA = suprascap-
ular artery; LON = lesser occipital nerve; GAN = great auricular nerve; CNXII = 12th
cranial (hypoglossal) nerve; TCN = transverse cervical nerve; SRAS = superior
root ansa cervicalis; STA = superior thyroid artery; STV = superior thyroid vein;
CNXI = 11th cranial (accessory) nerve; SH = sternal head; CH = clavicular head;
SCN = supraclavicular nerves
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whereas the overall complication rate was 21 per cent. This
indicates that many complications were minor and healed
without surgical intervention, as supported by the litera-
ture.10,30 Of the post-2001 studies, only 4 total myocutaneous
flap losses were reported out of 215 in total, giving a failure
rate of 1.9 per cent (Table 1).

This decrease in failure rate may be a result of improve-
ments in the technique of raising the sternocleidomastoid
flap. Many recent studies described preventing excessive ten-
sion on the sternocleidomastoid flap by suturing the skin to
the muscle before rotation of the flap, to prevent the loss of
the delicate perforators to the skin.9,10,20,25 Wei et al.20 imple-
mented checking for a good blood supply to the skin by rub-
bing the skin to see the refill rate. Preservation of the
sternocleidomastoid branch of the superior thyroid artery
may also play a role in the decreased failure rates. More recent
studies have documented this alteration8,9,20 since the anatom-
ical investigations by Kierner et al.5 It is difficult to identify
which of these techniques, if any, are useful given the differ-
ences between the study and flap designs.

Free flaps have a much greater success rate than sterno-
cleidomastoid flaps, cited in the literature as over 95 per
cent.31 Compared to other regional flaps, the sternocleidomas-
toid flap also has a lower success rate. Cho et al.23 experienced a
60 per cent failure rate of sternocleidomastoid flaps, whereas
pectoralis flaps had a lower rate of 21 per cent. However, a
higher number of pectoralis flaps were tested. Zhao et al.25

also found that the sternocleidomastoid flap had a lower success
rate (around 90 per cent) compared to other regional flaps. The
difference was much smaller between the different types, at
about 2 per cent. Nevertheless, many authors still advocate
the use of the sternocleidomastoid flap, especially in circum-
stances where the use of other flaps is not practicable.1,2,8

Discussion

The controversy regarding the use of the sternocleidomastoid
flap has centred on the high rate of ischaemic complications.1

Complication rates vary considerably, although they have
apparently decreased in recent years (Figure 3). As it is diffi-
cult to compare studies, because of the differing techniques,
flap types and defects described, the techniques that decrease
complications are hard to elucidate. More studies that are simi-
larly matched in terms of area and flap type need to be carried

out, to examine the different techniques used and their success
rates.

Preserving both the occipital artery and superior thyroid
artery branches may ensure that blood supply reaches the
entirety of the muscle.20 Attempts to preserve the venous net-
work of the sternocleidomastoid should also be made, so as to
avoid excessive venous congestion.8

Knowledge of the blood supply is essential in flap plan-
ning.16 If pre-operative computed tomography angiograms
were performed to identify arterial variations, the sternocleido-
mastoid flap could be based on the appropriate pedicle for
each patient, as has been successful for free flaps.32 Increased
knowledge of the blood supply has led to technique alteration,
most notably the preservation of two or more pedicles.9,20

Although the sternocleidomastoid flap has a higher failure
rate compared to other regional flaps,9 studies that preserved
two or more pedicles to supply the sternocleidomastoid have
reported greater success.4,20,27 Although two pedicles can
limit flap rotation,18 Khazaeni et al.21 overcame this by dissect-
ing the middle pedicle to its maximal length. Noland et al.7

reported that the sternocleidomastoid can be strongly
depended upon as a flap if two or more pedicles are preserved.

Conclusion

The studies analysed in this review demonstrate the great var-
iety of reconstructive options provided by a sternocleidomas-
toid flap. These include: complex osteomuscular flaps taken
with partial thickness clavicular bone for mandibular recon-
struction; myocutaneous flaps for oral defects; split flaps that
take only the sternal or clavicular head to avoid excess bulk;
and conventional myofascial flaps to reinforce jejunal free
flap anastomoses following laryngectomy, or cover the carotid
in malnourished patients undergoing modified radical neck
dissection.7,8,10,17,20,33,34

The sternocleidomastoid remains an easy-to-use flap, in a
convenient location, with a shorter operating time required.3,9

The sternocleidomastoid should be considered as an alterna-
tive when: the patient cannot tolerate a long operating period,
other flap sites are unsuitable or there is a lack of microvascu-
lar facilities.8,9 Under certain conditions, the sternocleidomas-
toid flap could provide an option for those patients with very
few other options for reconstruction available to them.
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