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Abstract: To review the current status of the application of tissue flaps in postoperative defect repair and
reconstruction of head and neck tumors, and to look forward to the prospect of their application. We
reviewed the relevant literature at home and abroad to describe the status of tissue flaps in postoperative
defect repair and reconstruction of head and neck tumors, and reviewed the history of the development
of commonly used new and traditional tissue flaps, summarizing their anatomical bases, indications,
advantages and disadvantages, and improvement methods. New tissue flaps, such as the inferior chin
artery island flap, the facial artery buccal muscle mucosal flap, and others, showed similar or even
superior repair results to free flaps in specific patients. In addition, many improvements have been made
in the preparation of traditional pedicled tissue flaps, such as nasolabial groove flap, pectoralis major
muscle flap, latissimus dorsi muscle flap, temporalis muscle fascia flap, and temporoparietal fascia flap,
which have further broadened the indications for these flaps, especially in patients who are not in good
condition.Various tissue flaps still play an important role in the repair and reconstruction of head and
neck tumor defects, and even show the advantages of more convenient flap production, faster
postoperative recovery, less treatment cost and good repair effect in certain patients.
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1. Introduction

The face is an important anatomical unit of human appearance and function [, with its exposed
location and many important aesthetic organs, so the repair surgery of facial soft tissue defects, not only
to restore function, but also to consider the aesthetics, is still a very challenging topic in the field of
maxillofacial surgery. The common causes of facial soft tissue defects include trauma, infection, excision
of various benign and malignant masses, and second-stage reconstruction of scarring caused by burns or
scalds. Maxillofacial soft tissue defects caused by various reasons usually need to be repaired in stage 1.
Choosing the appropriate repair method is one of the keys to successful treatment. At present, there are
more means for repairing maxillofacial soft tissue defects in clinical practice, and the repair of small-
area maxillofacial soft tissue defects can be done by submerged separation and direct pulling together
and suturing, but for larger-area tissue defects, such as maxillofacial malignant tumors, which have a
high incidence of disease!?), the clinic mainly adopts the surgical treatment method, and the progression
of the tumors can be controlled by effective and standardized treatments, with a high cure rate of early
oral cancer Bl The cure rate is high, but the head, neck and maxillofacial area, due to its structural
peculiarities and the limitation of the amount of tissues, it is often difficult to directly pull together the
suture for tissue defects after tumor resection, and the defects often need tissue flap repairt), and if direct
pulling together of the suture is used, it will directly affect the patient's maxillofacial appearance and
aesthetics, functional recovery, quality of life, and it will have a great impact on the patient's psychology!!.

Head and neck cancer (HNC) is a clinically frequent malignant tumor, with sites including salivary
glands, nasal cavity, sinuses, oral cavity, oropharynx, hypopharynx, larynx, and cervical esophagus!®
Surgery is important in the resection of benign head and neck tumors or verrucous lesions, radical
treatment of early-stage NHC, and comprehensive treatment of middle- and late-stage NHC. However,
tumor resection often leads to deformity defects or dysfunction!’!, and the types of defects include soft
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tissue defects, bone defects, and organ loss, etc., which need to be repaired and reconstructed in the same
period of time by choosing the appropriate surgical procedure in order to improve the patients' quality of
life and prognosis.In clinical practice, free perforator flap and pedicled flap are the two most common
ways to repair defects after oral and maxillofacial malignant tumors ¥ Currently, the flaps applied to the
repair of oral and maxillofacial defects mainly include traditional pedicled tissue flaps including
pectoralis major muscle flap, latissimus dorsi muscle flap, glabellar sulcus flap, temporalis muscle fascia
flap, and temporoparietal fascia flap. With the development of techniques such as microvascular
anastomosis and digital surgery, free tissue flaps have become the majority of oral and maxillofacial
malignancies. The preferred means of repair for postoperative large and medium-sized defects, the
postoperative survival rate of this flap reaches more than 95%, and satisfactory results of shape
remodeling and functional reconstruction can be obtained™ . However, the free tissue flap and the derived
perforator flap still have certain limitations, such as long surgical time, high requirements for
microsurgical and postoperative monitoring techniques, frequent postoperative complications such as
vascular crises, and inapplicability to some patients (e.g., advanced age, poor nutritional status,
concomitant diseases, and multiple surgeries or after radiation therapy).With the deeper understanding
of the anatomy of some well-known vascular branches, many new types of tissue flaps have emerged,
such as the sub-chin artery island flap, supraclavicular artery flap, and facial artery buccal muscle
mucosal flap, etc. The progress of the application of new and traditional tissue flaps in the repair and
reconstruction of oral and maxillofacial tissue defects is reviewed[10].

2. Tipped tissue flap
2.1 Submental Artery Island Flap

The submental artery island flap (SMAIF) was proposed by Martin [!lin 1993, through the cadaveric
autopsy summary suggests that the submental artery is in a constant position and has a rich subdermal
anastomotic network, which provides a preliminary theoretical feasibility for it to be the donor area for
repair of oral and maxillofacial defects, and then researched by several clinicians, which lays a theoretical
anatomical foundation for the clinical application of the submental artery island flap ['?. SMAIF is a kind
of axial flap tipped by under-chin artery and vein, which is adjacent to the maxillofacial defects compared
with other flaps, and is easy to cut ['*, which can save the time of vascular anastomosis and avoid the
risk of postoperative thrombosis, etc!'4l. The under-chin insular hypertrophic muscle flap is located in the
under-chin triangle, with the under-chin artery and vein as the tip, which has a richer blood supply and a
higher graft survival rate. In addition, the under-chin insular flap is soft, easy to shape, and has a sensory
nerve branch, which is more suitable for the repair of maxillofacial defects after resection of tumors of
the tongue, floor of the mouth, and buccal region!'®). The sub-chin artery island flap has the following
characteristics in the repair of facial soft tissue defects: the color and texture are very similar to the facial
soft tissue, and the appearance is more natural; as a retrograde flap, the scope of repair is significantly
increased due to the change of the flap's vascular tip; it can provide a large amount of skin tissues; it has
a stable branch of the facial artery, sub-chin artery, which provides blood, and has a high viability; it has
a hidden scar in the donor area, which does not affect the appearance; the flap is relatively simple to
fabricate, and no special instruments and equipment are needed. The flap is relatively simple to fabricate,
does not require special instruments and equipment, has a short operation and hospitalization time, less
intraoperative bleeding, and faster postoperative recovery, which is very suitable for the repair of
medium-sized defects of the head and facel'7l. Since the application of SIF in the clinic, after years of
refinement and supplementation, it has been proved that it can be prepared as a skin flap and
musculocutaneous flap, and has been successfully applied to repair a variety of defects in the oral and
maxillofacial region ['8],

The flap is currently being used more and more in the head and neck region as people's awareness of
SIF increases, but its safety is still a matter of discussion ['*).In patients with oral cavity or oropharyngeal
cancer, the main concern is that potentially involving lymph nodes may remain in the flap or flap tip?°),
and therefore there is a concern that the application of this flap may lead to tumor recurrence as a result
of poor clearance of metastatic lymph nodes.In recent years, many authors have investigated the
relationship between the use of SIF and the rate of local tumor recurrence. Wang et al Ufurther
homogenized the study population and concluded that the use of SIF with careful neck dissection and
appropriate postoperative adjuvant therapy did not increase the risk of local recurrence in pN+T1~T2
oral cancer patients compared to pNO T1~T2 oral cancer patients. In conclusion, preoperative and
intraoperative evaluation of lymph node metastasis is necessary, and we believe that the use of the sub-
chin island flap is safe in patients with pNO, whereas this flap should be used with caution in patients
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with clinically advanced (>NO) cervical lymph node metastasis.
2.2 Pectoralis major myocutaneous flap, PMMF

In 1968, Hueston et al first reported PMMEF, and in 1979, Ariyan et al first reported the clinical
application of PMMF to repair postoperative defects of HNC. PMMF has the advantages of abundant
available tissue, accurate and reliable blood supply, simple operation, easy survival, strong anti-infection
ability, and can provide protection for the great blood vessels of the neck after radical neck dissection,
etc., and has quickly become a common skin flap for repairing the defects after head and neck malignant
tumors!??l. As it sacrifices the functions of pectoralis major muscle and ipilateral sternocleidomastoid
muscle, the function of postoperative upper limb and neck movement of patients is affected, and the
defect cannot be easily reached due to the length limitation of vascular pedicle rotation, and the
postoperative flap necrosis caused by vascular pedicle compression is its main disadvantage ). Common
complications after PMMF repair of defects are localized skin island necrosis, fistulae and splitting of
the operative area [2>27],

In recent years, scholars have made many improvements in the preparation technology of PMMF,
such as extending to the anterior axillary line 2], crossing the subclavian bone ), ligation of lateral
thoracic artery [, etc., in order to extend the radius of flap repair, skeletonizing the vascular pedicle [[4),
and preserving the position of nipple areola and breast morphology . Combined with other flaps,
including free flaps 32! and folded double splicing B%, it is used to repair large or penetrating defects,
further expanding the indications of this flap.In patients with high lesion locations, mostly located in the
zygatic region, temporal region and orbital region, sufficient vascular pedicle length is required to avoid
postoperative complications caused by large local tension. Scholars have improved PMMF, such as
vascular pedicle passing through the subclavicle 3. The vessel pedicle without muscle passes under the
clavicle without obvious pressure, and the bony structure of the clavicle protects the vessel pedicle from
pressure. This reduces the risk of donor damage and complications. Although free tissue flap has become
the most important repair method for head and neck repair, for patients with hypercoagulability,
especially patients with recurrence after postoperative radiotherapy, the blood vessels in the donor area
of the neck are invaded by tumors, or the recurrence after free flap repair surgery, the donor area is no
longer suitable for the recipient area. In patients complicated with severe hypertension and diabetes,
the intima of blood vessels is not good, and thrombosis is easy to form after microanastomosis. All the
above conditions are not suitable for free tissue flap surgery 3%, and pectoralis major myocutaneous flap
is the first choice. In addition, for medical institutions with poor microsurgical technology, PMMF is still
an irreplaceable means to repair postoperative defects after HNC 3¢,

2.3 Nasolabial flap, NLF

Nasolabial flap is one of the flaps used to repair oral and maxillofacial defects. Nasolabial groove
flap is a pedicled axial flap with a well-known vaso-facial artery inside. The incision range is Smm below
the inner canthus, down to the lower margin of the mandible, front to the outer corner of the oral Angle,
and back to the anterior masseter edge. The actual usable size is about 3x6 cm?2. Nasolabial furrows with
pedicled flaps are the best treatment for patients with nasolabial injuries. Nasolabial groove flaps are
currently widely used for the repair of small and medium defects in the nose and face (such as nasal alar,
nasal column, lower eyelid, upper and lower lip, oral Angle) and in the mouth (such as buccal mucosa,
oral floor, tongue, palate, upper and lower jaw) [371. Nasolabial groove is located at the joint of the nose
and the upper lip, curves downward and outward, and gradually vanishes in the outer and lower part of
the oral Angle. It's the natural boundary between the cheek and the nose and lips. The skin of nasolabial
sulci has an extremely rich and dense subdermal vascular network, and a number of well-known blood
vessels are out of shape, such as facial arteries and inner canthus arteries, which are the anatomical basis
for the survival of nasolabial sulci flaps *¥]. The advantage of nasolabial flap is that the flap is supplied
by well-known blood vessels and has abundant blood supply, which is easy to survive.The flap does not
need to open a second surgical field, and the color and texture of the adjacent site are similar to the skin
in the defect areal®.

With the continuous improvement of the anatomy of the blood supply in the nasolabial fold region
and the technique of flap preparation, arbitrary flaps, subcutaneous flaps, axial flaps, and even
percutaneous flaps can be prepared in different directions and at different tissue levels?l. Scholars at
home and abroad have improved the traditional flaps and have successively reported the anatomical and
clinical applications of nasolabial fold arbitrary flaps, nasolabial fold full-thickness flaps, and nasolabial
fold axial flaps (with the facial artery as the tip, the parafacial artery as the tip, the superior labial artery
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as the tip, and the infraorbital artery as the tip). Chen Jie!*! and others further widened the flap aspect
ratio by using an upper and lower biplane modified NLF with shared tips, and achieved satisfactory repair
results. For buccal cancer tumors with a diameter of 4 cm or less, the use of nasolabial groove flap to
repair postoperative tissue defects in buccal cancer is a simple surgery that can well restore the
maxillofacial shape and mouth opening with good results, but because nasolabial groove flap needs to
form a longer incision in the face and the postoperative scarring is more obvious, it is therefore more
appropriate for older people to choose this procedure 1.

3. Free tissue flap
3.1 Free forearm flap

The common free flaps used for defect repair in oral cancer patients are forearm, anterior femoral and
peroneal muscle flaps. The advantages of these three types of flaps are that they are rich in quality and
can basically satisfy the repair of large oral and maxillofacial soft and hard tissue [+*], and they are far
away from the primary foci, which can reduce the chance of recurrence of the lesion. The free forearm
flap is also known as the "Chinese flap". The main advantages of this flap are its thinness, long vessel
tip, thick diameter, and high anastomotic success rate. The forearm flap belongs to the arterial trunk mesh
flap, and the anatomy of blood vessels is constant. The forearm flap has a rich blood supply, shallow
position, constant anatomy, moderate thickness, and moderate length of the vessel tip, etc. Its plasticity
and operability are good, and it can be anastomosed to the corresponding diameter of the vessels in the
neck, with a low probability of variation and constant vessels, easy to survive [*4], and easy to anastomose,
which makes it an ideal material for repairing the maxillofacial defects after oral cancer surgery . ideal
material (] The forearm flap is thin and anatomically constant and is used to repair most of the oral
mucosa and tissue defects of the floor of the mouth and tongue, but after the forearm flap is cut, it is
necessary to cut a skin slice from the abdomen to repair it, and the healing scar of the arm incision is
obvious after the operation and easy to be hyperpigmented. Zhang's study found ¢! that patients had a
better prognosis and higher surgical accuracy after using the forearm free flap graft repair technique. The
patients' prognosis of swallowing function was improved to a greater extent, and the surgical success rate
was high, which is one of the important flaps for the repair of oral and maxillofacial defects.

3.2 Free anterolateral femoral flap

At present, there are many flap repair methods available in clinic, among which the anterolateral thigh
flap was proposed and applied in clinic by Chinese scholars in the 1980s. The descending branch of the
lateral circumflex femoral artery anastomosis free flap is the most commonly used, and the clinical effect
is ideal. The posterior medial femoral flap is a method of wound reconstruction and repair applied in
clinic in recent years, and the free flap is the perforator of the deep femoral artery 71, From an anatomical
point of view, there are many perforating branches of anterolateral femoral flaps, mainly
musculocutaneous perforating branches, and some cutaneous branches of intermuscular space, with
sufficient and constant blood supply, and two pedicles longer than 8 cm and larger in diameter than the
accompanying veins of the perforating branches of arteries, which are very conducive to the
reconstruction of blood circulation 8, The anterolateral femoral perforator flap has a large donor area
and flexible preparation, which can better meet the needs of the recipient area. Besides, no important
blood vessels or nerves pass through the flap, the flap is concealed in position, which is sufficient to
ensure functional reconstruction and repair of oral and maxillofacial tissue defects, and postoperative
scars are not exposed. Although the main blood vessels are stable, there are variations in the perforator
vessels. Preoperative color ultrasound and other auxiliary examination and positioning are required. The
flap can be sutured directly after preparation, which has little influence on the motor and sensory function
of limbs, and can achieve ideal reconstruction effect of oral and maxillofacial defects in clinical
application.

4. Conclusions

Surgical treatment is still the most important means for the treatment of oral and maxillofacial
malignant tumors, which can completely eradicate tumor lesions, but at the same time may damage the
oral soft tissues of patients. Improper treatment of facial soft tissue defects may lead to facial scar,
appearance deformity and other adverse prognosis, causing serious physical and mental trauma to
patients. Skin flap transplantation to repair facial soft tissue defects can effectively help patients recover
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facial function.

Individualized selection and design of flaps is an important part of reconstruction faced by oral and
maxillofacial surgeons after resection of oral and maxillofacial malignant tumors. The patient's
preoperative condition, the site and size of the tumor, matching flaps, postoperative results, and the
patient's subjective requirements are all factors to be considered. Free tissue flap transplantation with
anastomosis of blood vessels is the mainstream method for repair and reconstruction of large defects in
the oral and maxillofacial region, but the technical requirements are high and the operation time is long,
which limits the application to patients who cannot tolerate prolonged surger. Selection of free flaps
requires better basic surgical skills as well as microsurgical technical support to ensure the success rate
of surgery.

With the advantages of simple operation, reliable operation in the same area and reliable blood supply,
local pedicled flaps still play an important role in the reconstruction of maxillofacial defects, among
which nasolabial groove flaps are commonly used for the repair of oral and maxillofacial defects. The
local skin flap has the following advantages: the color, softness and thickness of the skin flap are almost
the same as that of normal facial skin; The local tension of the flap was small, the wound was flat, the
surrounding tissue was not easy to deform, and the postoperative healing was good. The flap
transplantation is convenient and flexible, and can directly rotate and advance the flap around the lesion,
which is conducive to the survival of the flap, high surgical safety, and fast wound healing®"..

To sum up, different flaps have their own advantages, and different flaps should be selected for repair
according to different facial soft tissue defects. Adopting the principle of proximity can improve the
survival rate of skin flap and ensure good recovery of facial function and appearance after operation. For
different facial soft tissue defects, different flaps should be used to repair them according to the facial
defect site, surrounding skin condition and anatomical structure.
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