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Reconstructive surgery in the head and neck region helps to restore the continuity
and function of the tissues. There are many different techniques available to use.
Unfortunately very often we fail to achieve good functional and cosmetic effect
because of lack of the tissues. In this chapter the most common tissue defects in
the otolaryngology, neurosurgery and maxillofacial surgery are presented together
with the possible methods of treatment. These include the possible use of cartilage
and bone tissue engineering,.
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1. Introduction

Otolaryngology is a specialty for the nose, ear, pharynx and larynx disor-

ders. Therefore it is a complex surgical discipline that refers to very diverse

organs.

Large group of surgically treated patients have fragments of their tissues

removed. Especially in the cases of neoplastic disease, very often massive
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tissue loss occurs as a result of surgery. The defects have to be reconstructed
somehow, and the function of the dissected organ should be replaced.

Another group of patients who need reconstructive surgery are the victims
of injuries, in most cases of car accidents. The next group are children with
born deformities.

Surgical techniques of reconstruction of missing parts used nowadays are
very imperfect. This is because they are connected with an extended time of
the operation and additional traumatization of the patient. The last thing is
due to the necessity of transferring tissues, usually from the proximal areas,
and in other cases also from the distant areas (mandible reconstruction with
the fibule transferred from the lower leg). The other method of replacing
the tissue loss is the application of an artificial, manufactured implant. The
first written description of the repair of a calvarial defect with a gold plate
dates from the turn of the XV and the XVI century [1]. Unfortunately such
applications are limited with serious complications, including infection, im-
munologic overreaction and others. In addition to that, synthetic materials
that do not assimilate with tissues cannot be used in pediatric surgery, as
they do not allow for the appropriate growth.

Taking all this into the consideration, the ideal method in reconstructive
surgery, in the head and neck region would be the application of biological,
biocompatible materials that can fully assimilate with the patient’s surround-
ing tissues, would not induce the overreaction of the immune system, and in
case of pediatric patient would enlarge as child grows.

Fundamental biomaterials which could be used in otolaryngology are the
ones replacing the cartilage and bone, (Table 1). Cartilage tissue engincering

TasLe 1. Possible applications for cartilage and bone tissue engineering in head
and neck reconstructive surgery

engineered tissue | place of reconstruction | reconstructed tissue

nose nasal septum cartilage
eardrum fibrous tissue”
. ear = -
cartilage auricular cartilage
larynx laryngeal cartilages
trachea tracheal cartilages
calvarial bone defects
bone cranium

craniofacial bone defects

* eardrum is not built of cartilaginous tissue. Some surgeons use cartilage to

reconstruct tympanic membrane perforation though.
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might be useful in the nose, ear and larynx/trachea treatment. Bone tis-
sue engineering on the other hand could be applied in the procedures that
combine the fields of otolaryngology and neurosurgery (where as a result
of surgery, loss in skull bone occurs), and otolaryngology and maxillofacial
surgery (to replace the missing parts of craniofacial bones that mostly occur

as an aftermath of the neoplastic diseases).

2. Cartilage Tissue Engineering
2.1. Nose

2.1.1. Perforation of the nasal septum. The most frequent problem
requiring the application of the autologous graft or a biomaterial in the rhi-
nosurgery is nasal septum perforation (Fig. 1). The perforation is a defect
located usually in the anterior, cartilagineous part of the septum. Predated
rhinosurgical procedure is the main cause of perforation. The removal of the
septal cartilage combined with slight but bilateral damage to the continu-
ity of the septal mucosa leads to frequent appearance of the perforation.
Other common causes are mechanical injuries or intranasal application of
substances inducing local ischaemia (especially cocaine). Although usually
such perforation does not lead to a significant discomfort, it might cause
periodical, massive bleedings, and crustation which gives the sensation of
congestion. In extreme cases such perforation could lead to the nasal frame-

work damage, nasal collapse and deformity [2].

Ficure 1. Perforation of the nasal septum. The source of light is inserted into

the right nasal cavity and the perforation can be observed.
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Research focused on the application of tissue engineering procedures in
the treatment of nasal septum perforation are still in the experimental phase.
Despite this, its results both in animal models and human cartilage culture
in the athymic animals seem to be promising [3-8].

Considering typical extension of the perforation, required diameter of the
implant should be approximately 1.5 to 2cm, and its thickness should not
exceed 2mm. The most appropriate biomaterial should be maleable, easily
tailored during the operation (to be cut out of the larger plate of biomaterial).

It seems that the biomaterial should be covered with chondrocytes es-
pecially when it is a part of a nasal framework, and not only the filling of
a perforation. In these cases it is recommended that the biomaterial used
as a framework would have been nearly completely nonresorbable, so that
during after-surgery phase would not change its original dimensions.

When biomaterial is applied for the perforation obliteration, the basic
aim should be the ability of the implant to make the mucosa grow onto it.
If this assimilation fails, mucous layer would become necrotic and again the
perforation of even larger dimensions is likely to appear. Additionally, the
developing cartilage doesn’t have to be a pure cartilage in the histological
sense (as it is required in the case of joint cartilage). It may be partially
a fibrous tissue. The essential property is its capacity to heal the mucosa.

In case of application of the biomaterial for the nose shape surgical cor-
rections or reaching two aims: to repair the septal perforation and to use
the biomaterial as a nose framework at the same time, implant should re-
sorb slowly or not resorb at all. As a consequence, during the postoperative
period, implant would maintain its original dimensions. This would provide
the preservation of the nasal shape formed during the operation. Also in the
reconstructive surgery, especially after extended oncological operations, it
would be possible to apply biomaterials for the nasal forming purposes. Cur-
rently obtaining skin flaps to reconstruct nose missing parts is not a problem.
The use of forehead flap is well known since the ancient times, and slightly
modified since then [9]. The real problem in such operations is the deficit
of the framework elements, which also are resected during the oncological
procedure (Fig. 2).
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Ficure 2. Patient following partial nasal resection. There is a certain problem

with obtaining a framework for the nasal reconstruction.

2.2. Ear

2.2.1. Perforation of the tympanic membrane. The tympanic mem-
brane perforation is a very common problem in otolaryngology. The most
often it is caused by a trauma and acute or chronic middle ear infection
(Fig.3). The tympanic membrane injury leads to unilateral hearing loss. Ad-
ditionally the middle ear is not separated from the external environment
then, and therefore is much more susceptible to the recurrent inflammation.

Typically, the tympanoplasty with the use of autologous tissues: peri-
chondrium, periosteum, or fascia is performed. This type of procedure re-
quires another incision, often in the other location. Nevertheless it seems that
the application of some biomaterials would be advisable. A biomaterial that
would heal much faster into the place of tissue loss would be useful. Besides
the material that would transmit soundwaves with a better characteristics
is preferred. Physiologically, the tympanic membrane is a 3-layer structure.
Externally it is covered with epithelium, internally with mucosa. The mid-
dle layer is composed of elastic fibers. Some of them are placed radially, the
other in circles. Thanks to the elastic fibers, the tympanic membrane has
two basic features: it is very susceptible to the pressure changes of the sound
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(a)

FiGure 3. Tympanic membrane perforation; (a) chronie otitis media. The per-
foration is round, with well defined, healed margins, (b) perforation caused by an

injury-—sharp margins of perforation, whole tympanic membrane is hyperaemic.

wave, and it stops vibrating instantly after the sound stops. In our opinion
a mesh of microfibers, that would only act as a scaffold for the epithelial
and mucosal cells to migrate on the biomaterial and rebuild the tympanic
membrane layers would be most suitable. Standard diameter of the implant
would be 5 8mm, and its thickness < 0.5 mm.

Until now another approach to the tympanoplasty has been made. A tis-
sue engineered, cultured in vitro patch, has been presented in the animal
model [10].

2.2.2. Auricular reconstruction. Auricular defects or congenital defor-
mities are quite rare comparing to tympanic membrane perforation. Unfor-
tunately they are much more complicated in treatment, and up to date can
not be treated with a significant success. Patients who require such a pro-
cedure are mainly children with congenital deformities. This can be a sin-
gle deformity or a part of larger syndrome, like Treacher-Collins syndrome,
Franceschetti’s syndrome, Goldenhar’s syndrome, Gregg’s syndrome (Fig. 4).
Adults who require a reconstructive surgery of the auricle are patients with
neoplasms in the first place, rarely victims of the accidents and other traumas
of this area (Fig.5).
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F1GURE 4. Young patients with microtia. This can be a single deformity or a part

of a whole syndrome.

FiGcure 5. Neoplasm of the left auricle. Both photographs present the same case.
Patient requires near-total auriculectomy. The reconstruction might be possible

with the tissue enginecring procedures.

Nowadays, one of the following methods of treatment and materials can
be used:

e autologous cartilage from the patient’s rib,

e allogenous cartilage from the patient mother’s rib,

e reconstructions with the use ol remaining elements of the auricle,

e tissue expanders,

e artificial auricle—a manufactured prosthesis.
Fxcept the use of a prosthesis, in all of the above, cartilagenous material is
placed in the subcutaneous tunnel. Therefore it becomes a framework to the

covering skin of the reconstructed auricle (Fig. 6).
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F1GURE 6. Step-by-step procedure in microtia surgery. (a) cartilage harvesting

from the rib, (b) shaping the implant, (¢) insertion of the cartilage in the subcu-
taneous tunnel, (d, e) postoperative effect. The cartilage acts as the framework
for the covering skin.

It could be similar with the use of a biomaterial. The research conducted
recently indicate that the ideal method is an application of a gel-like scaffold
to suspend the chondrocytes [11-15]. The construct of chondrocytes and
a gelly scaffold would be inserted into the prepared subcutaneous tunnel in
the shape of an auricle, just as it is done right now. Such construct needs to
be nearly nonresorbable to prevent the auricle from reducing its dimensions.

As in other cases, the use of a prosthesis increases the risk of infection
on the foreign body. In addition to this, a prosthesis used in the pediatric
surgery has to be replaced as the child grows.

2.3. Larynx and Trachea

Subglottic stenosis is a pathology of laryngeal or tracheal cartilages, or
mucosa abnormalities. All of them lead in turn to narrowing of the lumen
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of the upper respiratory tract. These as a consequence cause breathing im-
pairment. While a stricture is mild, the inhaling disturbances arise. In severe
cases, the disturbances become both, inhaling and exhaling,.

There are two types of subglottic stenosis—congenital and acquired. Much
more common are the acquired stenoses. They account for over 90% of all la-
ryngeal and tracheal strictures. They are also more problematic in treatment.
Among many causes of acquired subglottic stenosis, the prolonged intubation
is certainly in the first place. It is responsible for over 90% of acquired stric-
tures. The other factors include: trauma of the neck or the neck operation,
massive inflammation of the respiratory tract, caustic and thermal injuries,
etc. Wound healing in these instances occurs with development of granula-
tion tissue and the deposition of fibrous tissue and scarring. All these may
result in clinically apparent stenosis.

Many surgical procedures are used nowadays to treat subglottic steno-
sis. The method used in the treatment depends mainly on the grade of the
stricture, the age of the patient, and also the method preferred in the depart-
ment. A four grade scale is used to define the scale of the stenosis—Myer and
Cotton staging system [16]. Grade I lesions have less than 50% obstruction,
grade II lesions have 51% to T0% obstruction, grade III lesions have 71% to
99% obstruction, and grade IV lesions give no detectable lumen or complete
stenosis.

The mild stenoses, which are grade I and II in the Myer-Cotton staging
system, are usually treated with microsurgical, endoscopic methods. Among
them is a mechanical augmentation of the lumen, endoscopic treatment with
the use of CO, laser (Fig.7). The use of a plasma coagulation (Erbe) is
another fine method of treatment of grade I and II strictures. The overall
success rates range from 66-80%.

The strictures in grade III and IV in Myer-Cotton staging system are
usually treated with open surgical procedures. The most common operations
performed in such cases are: anterior or posterior cricoid split, and one of
many modifications of laryngotracheoplasty. Another method of treatment
is an end-to-end anastomosis after partial resection of the trachea (Fig.8).
It is believed, that the last should be chosen especially in the case of cricoid
cartilage disorders.

It seems very plausible to use constructs which would substitute the carti-
lage to build the elements of laryngeal and tracheal framework. Application of
biomaterial rings imitating the tracheal cartilages would be a breakthrough.
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Fiaure 7. Step-by-step procedure in the treatment of subglottic stenosis; (a)
picture of the subglottic stenosis, (b) widening of the stenosis with the use of
a laser, (c¢) application of the teflon sheet to prevent from scarring and stenosis,
(d) 3 weeks after removing the sheet; enlarged lumen of the subglottis when

compared to photograph (a).

FiGUurE 8. End-to-end anastomosis of the trachea in the treatment of tracheal

stenosis. (a, b) dissection of the stenotic region, (¢) an end-to-end anastomosis of

the trachea.
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Those rings would be inserted in the place of dissected tracheal cartilages.
Two methods of treatment seem to be possible—either the application of the
rings that would match exactly the tracheal cartilages to simply substitute
one with the other, or the application of the biomaterial rings of larger di-
ameter, that would surround the trachea, and tracheal cartilages would be
mounted to it and expanded.

Different tissue engineering procedures of reconstruction of the lumen of
the upper respiratory tract were studied in the recent years. Until today none
of them were applied in the clinical treatment, and all of the research are in
the experimental phase. Few teams working on this subject worldwide elab-
orated different techniques of proceeding in the case of subglottic stenosis.

Schematically the methods can be divided into three groups:
1. the use of endotracheal stents, prepared from bioresorbable materials,
2. cartilage tissue engineering,
3. attempts to epithelium tissue engineering.

The easiest way to apply tissue engineering techniques in the subglottic
stenosis treatment is the use of bioresorbable endotracheal stents. The PGLA
stents were studied [17]. They were used after anterior tracheoplasty with the
use of fascia lata in rabbits. A biodegradable tracheal stent was used inter-
nally to stabilize and support surgically reconstructed airways. By 14 weeks
the stents were nearly 100% degraded.

Another method of treatment is to prepare tissue engineered cartilage as
a functional tracheal replacement. After harvesting the cartilaginous tissue,
the cells were isolated, cultured and then seeded onto different biomaterials.
Tissue samples were obtained from many localizations, including: larynx and
trachea, auricle, rib, and nasal septum [18-23|. Clinically, in the treatment
of subglottic stenosis, the most important layer of larynx and trachea is the
epithelium. Most surgical procedures with the use of a nonbiologic material
(eg. titanium plates) require that the implant needs to be coated with a bio-
logical layer, preferably the epithelium, but also with the perichondrium or
fascia. In other cases, granulation tissue and the deposition of fibrous tissue
returns, and the stenosis recurs in the time of weeks or months. Most so-
phisticated tissue engineering procedures in tracheal and laryngeal stenosis
treatment develop the cartilagineous framework covered with epithelium on
the internal wall. Different tissues were used as a source of isolated epithelial
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cells. The optimal place to harvest respiratory epithelial cells together with
cartilage cells is the nasal cavity. As the procedure of harvesting is minimally
invasive, and easy to perform, it might become the place of tissue harvest in
the clinical trials [24-26).

3. Bone Tissue Engineering

Bone defects in the craniofacial and calvarial area vary in shape and size.
The majority of cases of the bone defects that make the bone useless in the
reconstructive surgery are the neoplastic transformations within the bone.
Such a tissue has to be removed with a large fine margin and the missing
part has to be replaced. In most of other cases, the bone might be replaced
into its original place, after some preparations.

In bone surgery of both maxillofacial area and a skull, the biomaterial
that could be used in reconstructive surgery must be tension- resistant, non-
resorbable, and certainly not fragile.

What is the most important, due to the fact that in most cases the tissue
engineering procedures in bone reconstruction in the head region would be
applied to the oncological patients, the biomaterial must be neutral to the
radiotherapy, as radiotherapy or chemoradiotherapy is a standard treatment
that follows the operation.

3.1. Calvarial Reconstruction

Presently, when we deal with the large bone defect in the calvarial area,
one of the available artificial materials is used to close the wound. The sur-
geon might choose from the titanium and other material mesh or plates, or
different bone cements (Fig.9). In Poland, except for the titanium, there is
a polypropylene- polyester knitted fabric (Codubix®) approved in clinical
use [27-29]. None of the above scaffolds (except for the titanium) is settled
with the patient’s blastic cells in vivo. In the many years follow-up, after im-
plantation of the artificial material, it doesn’t integrate with patient’s tissues
and is fixed only with the stitches and cicatrix that surrounds the foreign
body. In some cases the prostheses become movable [27|. Another problem is
the infection around the implant.

The most commonly used bone cement is the polymethylmethacrylate
[30]. The use of a bone cement is much easier as it can be easily formed in
any shape during the surgery. Unfortunately, apart from the complications
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(d)

FiGure 9. The use of titanium mesh in the skull surgery. (a-c¢) subsequent steps

of orbital floor reconstruction, (d) frontal bone reconstruction.

mentioned above, the use of methylmethacrylate is combined with one more.
The exothermic reaction produced during the polymerization of the cement
yields temperatures over 80°C, [31]. At that temperature the necrosis of the
surrounding tissues occurs. This is not a case when the biomaterial, hydrox-
ypapatite cement is used [32,33]. What is also important, hydroxyapatite
cement promotes osseointegration and vascularization [33].

A biomaterial that could integrate with the surrounding tissues would be
preferred, as the biomechanical properties would imitate the biological bone.

In case of using the elements of biomaterial rather than a cement, the basic
shape of the construct, its thickness and a curvature of the skull, might be
prepared preoperatively. The final shape of the biomaterial would be prepared
either during the operation, or also preoperatively with the application of the
computer tomography 3D scans [34].
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3.2. Craniofacial Reconstructions

In the maxillo-facial area the most common are the defects of maxilla and
mandible. Both the neoplastic diseases and injuries include mainly these two
bone regions.

Most of the maxilla is built of a thin plate of bony tissue. It surrounds
a maxillary sinus. Fractures of maxilla are treated quite efficiently with the
use of titanium plates or meshes (Fig.9), and PLA or PGLA (35, 36]. The
biomaterials used are applied without any seeded cells, and they are only set
as a resorbable fixation system. Defects of maxillary bone can be restored
with titanium plates or materials that are used in the calvarial region. Tissue
engineering procedures were also used in the treatment of the haemangioma
of the maxillary sinus, [37].

In the reconstructive surgery of mandible, the situation is different. The
bone is much thicker, and the mechanical forces are much stronger. At
present, after partial mandibular resection, one of the following procedures
is possible: end-to-end fixation, the use of titanium plate, or autologous ma-
terial (eg. a part of fibule, transplanted together with vasculature from the
lower leg).

As in other head and neck defects, it seems obvious that the optimal
material would act as an autologous tissue and would be obtained without
additional scarring of the patient. These requirements are fulfilled only by

engineered tissues.
4. Conclusions

Different defects in the head and neck region are quite often. Most of
them can be reconstructed surgically. Unfortunately some of the procedures
in the bone and cartilage defect treatment are very imperfect, and the effects
of operations are unsatisfactory.

Some of the biomaterials, like PLA or PGLA, are already allowed in the
clinical use. The majority of tissue enginecring procedures are still in the
pre-clinical trials and wait for the approval, [38-40]. It is certain that with
new tissue engineering procedures the reconstructive surgery will be more

effective and much more aesthetic in the coming years.
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