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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 th is chapter the most common tissue defects in 
the otolaryngology, neurosurgery and maxillofacial surgery are presented together 
with the possible methods of t reatment. T hese include the possible use of cartilage 
and bone tissu<' cngineeriug. 
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1. Introduction 

Otolaryngology is a spccialty 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 t reated patients have fragments of their ti:::;sue:::; 

rcmovecl. Especially in tlw c:a:::;es of neopla:::;tic disea:::;e, very often massive 
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tissue loss oc:c·urs as a result of smgcry. Thc defects haYc to be H'COIJStructecl 

sonwhow, and the function of the dissected organ should lw replaced. 

A not h<'r group of pat ienls who IH'<'d reconst rue! ive surgery arc the \'ictims 

of injuriC's, in most ca::;es of car accidents. The next group arc chilclr<'n with 

born deform it iC's. 

Surgica l techuirplC'S of rC'construclion of missing pa r ts used nowadays arc 

very imperfect. This is because they a re connected with an ext<'nd C'cl tin1e of 

the opC'rfltion a nd additional traumatization oft he patient . TI1C' la ... st thin g i.· 

due to the nC'ccssity oft ransferri ng tissues, usnally from t })(' proximal areas. 

and in other cases also from tlw distant areas (manclibk rccoustruction with 

the fil)\)lc transferred from the lo•ver leg). The other method of replacing 

the tissue· lo:::s is the appli('<ltion of <Ill artificial, lll<lnufiwtured implant. The 

first wrill<'n clcsniption of llw rC'pair of a calvarial clC'fect with a gold plate 

datC's from th(• tmn of tlw XV and t lw XVI cmtury [lj. Gnfort una!(•]~' snch 

a.pplicat ions a rc limited with serious complications, including infect ion, im

tmlllologic ovcrreact., iou and ot.hc r::;. In addition to tha t. , synthetic materials 

1 ha t do not assim ilate' with tissues cannot be used in pediatric s m gC'ry, as 

t lH'.Y do not allow for the appropriat.e growt h . 

Taking a ll this into the consideration , the icleal nlC' thod in rc•constructive 

stu·~C'ry, in the head and neck n•gion wonld be the application of biological, 

biocompatil>lc matC'rials that can fnlly assimi late' with the patiPnt's stuTonnd

ing t issnC's. wonlclnot indu<·f' t lw ov<'rreact iou oft he immune s.vs!C'm, and in 

('aS(' of pC'diat ric p<tl ienl would Pnlarge a:; child grows. 

Fundamental biomat.erials which could be used in otolar,vn?;ology are the 

OJ)('S n•placi ng t h(• cart i lagC' a nd bone. (Table 1). Cartilage' tissue eugim'Ni ng 

TA ilLE l. Pussil>le applications for cartil age and bone tbsue engineering in !wad 

and neck recon:;tructi V<' surgery 

engineered t issu e place of reconstruction reconstructed tissue 

nose na:;al sPpt urn can ilag~• 

eardrum fibrous I issue· 

cartilage 
<'ar 

auricular cartilage 

larynx laryngeal cartilages 

traeh<'a traclwal cu rti lage's 

calvarial bone dc•fe>cts 
bone cranium 

craniofacial bone d!'f'cct s 

• eardrum is not built of cartilaginous lis~;ue. Some :;u rgcon~ us<' cartil age to 

rrconstruct tympanic membrane perforation though . 
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m ight be useful in the nos<>, ear and larynx; trachca treatment. Bone tis

sue engineering on the otht'r hand could be applied in t.he procedures that 

cmnbine the fields of otolaryngology and neurosurgery (where as a result 

of smg(• ty loss in skull hone occms) , and otolaryngology and maxillofaC'ial 

su rgery (to repl ace t h<· tnii:ising parts of craniofacial bones that. mostly occur 

as an aftermath of the ttcoplast ic diseases). 

2. Cartilage Tissue Engineering 

2.1. Nose 

2.1.1. P erforation of the nasal septum. The tttosl frc•quent problem 

requiring tlw application of the autologous graft or a biomaterial in the rhi

nosurgery is nasal seplum per fora t. io n (Fig. 1). The perforation is a clef eeL 

located usually i 11 the ant cri or. carti lagiJwous part of t lw sepl um . Predated 

rltinosmgical procedure is l he main cause of perforation. The removal of the 

septal cartilage combined with sl ight b ut bilateral damage to the cont inu

ity of the septal mucosa leFLch.; to frcqucul appearance of the perforation. 

Other comlllon causes are mechanical injuries or intranasal application of 

s u bst ancc>s ind uci ug local isduwmia (especia lly cocaine). Although usually 

s uclt perforation do<'s not lead to a significant discomfort., it might cause 

periodical, lltaHsive blccclings, a nd nuslaLion whiclt gives Llw sensat ion of 

congest inn . ln cxt rcnw cases such perforation could lead to l he uFLSal frame

work damage. nasal collapse FLnd deform it y 121. 

FtG l l HE 1. Pcrl'oration ol' the nasal septum. The ~ource of li11,ht is insertPd into 

the right na»a l cavity and the perforation can be observed. 
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Research focused on the application of tissue engineering proceclmes in 

the treatment of nasa l septum perforation are sti ll in Lhe experimental phase. 

Despite this, its results both in animal models and human cartilage cnlLure 

in the athymic animals seem to be promising [3-8]. 
Considering typical extension of the perforation, required diameter of the 

implant should b0 approximately 1.5 to 2 cm, and its thickness should not 

exceed 2 mm. The most appropriate biomaterial should be maleable, easily 

tailored during t he operation (to be cut. out of the larger plate of biomaterial). 

It seems that t he 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 t hese cases it is recommended that the biomaterial used 

as a framework would have been nearly completely nonresorbable, so that 

duri11g after-surgery phase would not change its original dimensions. 

When biomaterial is applied for the perforation obliteration, the basic 

aim should be the abil ity of t he implant to make the mucosa grow onto it. 

If this assimilation fails, mucous layer would become necrotic and again the 

perforatio11 of even larger dimensions is likely to appear. Additionally, the 

developing cart ilage doesn 't have to be a pure cartilage in t he histological 

sense (as it is required in the case of joint cartilage). It lllay 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 framE~work at the same time, implant should re

sorb slowly or not resorb at all . 1\.s a consequence, during the postoperative 

period, implant would mai nta in its original dimensions. This would provide 

the preservation of the nasal shape formed cluring the operation. Also in t he 

reconstructive surgery, especially after extended oncological operations, it 

would be possible to apply biomateria ls for t.he 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 t he ancient t imes, and slightly 

modified since then 19]. The real problem in such operations is the deficit 

of the framework elements, which also are resected clming the oncological 

procedure (Fig . 2). 
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FICtrRE 2. Patient following partial nal;al resection. There is a certain problem 
\\·ith obtain ing a fmrnework for the na.~al 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 infect ion 

(Fig. 3). T he tympanic membrane injury leads to uni lateral hearing loss. Ad

ditionally l he middle car is not separated from the external environment 
then, and t herefore is much more susceptible to t he recurrent inflammation. 

Typically, l hC' 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 t issue loss would be useful. Besides 

the material that would t ransmit soundwaves with a better cha racteristics 

is preferred . Physiologically, the tympanic membrane is a 3-layer structure. 

Externally it is covered with ep ithelium, internally with mucosa. The mid

dle layer is composed of clastic 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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( n) (b) 

F'ICPJU;; 3. Tympanic nwmbran<' pNforat ion: (a) chronic otitis media. TIH' pcr

forat ion is round , with wPII dPfin<>d, !waled margin~. (b) perforation caused by an 

inju ry sharp margins of p<'rforation, whole tympanic lll(' IIII.Jran(' is hypNaPnlic. 

wave, and it t;(ops vibrating im;Lantly aftrr the sound stops. In om opinion 

a mesh of microfibers. t h11,t would only act as a scaffold for the epit hdial 

and mucosal cells to migrate on lll<' bimnaterial and rebuild f he tympanic 

rncnlbntn<' layert; would b<' most suitabk. Standard diarnetcr oft he implant 

would be 5 8 mm, and it::; thickness < 0.5mm. 
Until now another approach to the tympanoplasty has been made. A tis

sue enginecrPcl. cull urecl in vitro patch, has been presenl<'cl in the animal 

!lloclel 1101. 

2. 2. 2 . Auricular recons truction. A micular defects or congenital defor

mities arc quite rare comparing t.o tvmpanic membrane perforation. Unfor

tunately they are much mon' complicated in treatment, and up to elate can 

not be treated with a significant success. Patients who require such a pro

cedure are mainly chi ldren \V it h cong(•nital deformities. This can be a s in

g](' deformity or a part of larger syndrome, like Treacher-Collins syndrome. 

Franccschetti's syndrome, Goldcnhar 's syndrome, Gregg·s syndrome (Fig. 4) . 

Adu lLs who require a reconst ructive surgery of the auricle arc patients with 

nPoplasms in t he first p lace, rarely victims of t he accidents and other traumas 

of t h is area (Fig. 5). 
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Fl<:l'ltE I. Young pati<>nts \\' it h mino1 ia. This can bra single deformity or a part 

of a \\'holr syndronw. 

F1c t u F fi. NC'opl!lslll oft hP lPft auridP. Both photograph~ prc•spnt t hP smn<' cas<'. 

I' at iPitl rc·qnin•s n<'ar-total nuricnh•ctom.\·. l'he rr•<·on~truction might bC' possiblC' 

with t hP tissue' pngin<'<'r ing pro<·r•dnrc•s. 

owada.vs. OllC' oft he following m<'! hods of lrt>atnwnl and llH'llNinls can 

lw u sc·d : 

• autolop,ous cartilage from the pat ic nt's rib. 

• a llogc•nuus cartilage front the pat ic•nt mother's rib , 

• recou::.t ructions with the use of rt'nHti ning elements of t he auricle, 

• tissuE> expanders. 

• artificial a uric:le a lll<Ultl fact lll'<'d prosthesis. 

Exc0pt the nse of a prosth0sis, ill all of t h<' above, cartilagcnous maLNinl is 

plan•d in the s ubcutaneous t.un1wl. Therefore it becomes a framework to Uw 

c:overi ng skin of the rcconst ruct eel auricle (Fig. G) . 
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(a) (b) (c) 

(d) (e) 

F'IGl 'RE 6. Step-by-step procedure in microtia surgery. (a) cartilage harvesting 
from the rib, (b) shaping tlw implant, (c) insertion of the cartilage in t he subcu
taneous tunnel, (d, e) postoperative effect. T he cartilage acts as the framework 
for the covering sk in . 

IL cou ld be similar with the u1:1e of a biomaterial. The research conducted 

recently indicate that the ideal method is an application of a gel-like scaffold 

to suspend the chondrocyte:; 111 151. The construct of chond rocytes and 

a gelly 1:1caffold would be inserted into the prepared subcutaneous tunnel in 

the shape of an a uricle, just as it is done right now. Such construct needs to 

be nearly nonresorbable to prevent t he auricle from reducing its dimensions. 

As in other cases, the use of a prosthesis increases the risk of infection 

on the forcigu 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 consequenc<' eau~<.' breathing im

paimH'nt. \Nhik a stricture is mild, tlw inhaling disturbances arise. In severe 

cases. the disturbances b<>comr both. inhaling and exhaling. 

There arc two types of su bglot lie st c'nosis congrnital and acquired. l'vluc:h 

mor<' common arc the acquired stenoses. They account for over 90% of all la

ryngeal and tracheal strict un•s. They a rc also more problematic in treatment. 

Among many causes of acq uirc•d su bglot lie stenosis, the prolonged intubation 

is certainly in the first place. It is responsible for over 90% of acqui red stric

turf's. The other facton; include: trauma of the neck or the neck operation, 

tnassive inflammation of the respiratory tract. caustic: and thermal injurie:; , 

etc. \\'ouncl healing in these instanc<'s occurs with development of granula

tion tissue and the cleposi lion of fibrous tissue and scarring. A 11 tlwsc may 

rf'sult in clinically apparC'nt stenosi:;. 

f\ !any surgical procedures arc us<'d nowadays to treat .:mbglottic strno

sis. The met hod u:;cd in the treatment depends mainly on the grade of the 

stricture, the age of thr pat icnt, and also the method preferred in th<' depart

ment. A fom grade ~cal 0 is u:;ecl to define the scale of the stenosis Mycr and 

Cotton staging :;ytitem 11 Gj. Grade I le~ions have less than 50% obstruction, 

!!,raclc li lct>ions have 51% to 70o/c. obstruction, grade Ill lesions have 71% to 

99% obstruction, and gracl<' IV lesions give no detectable lumen or corn plctc 

stenosis. 

Tll(' mild steno:;es, which are grade I and II in the Myer-Cotton staging 

system, arc usually treated with microsurgical, endoscopic methods. Among 

them is a mechanical augmentation of the lumen , endoscopic treatment with 

t ltc use of C02 laser (Fig. 7). The use of a plasma coagulation (Erbe) is 

another fine method of treatment of grade I and Il strictures. The overall 

success rates range from 66- 80%. 
The strictures in grade Ill and lV in Myer-Cotton staging sy~tem a re 

usually treated with open surgical proceclme:;. The most common operation~ 

performed in such cases are: anterior or posterior cricoid split , and one of 

many modifications of laryngotracltcoplasty. Another method of treatment 

is an end-to-end anastomosis after partial resection of the trachea (Fig. 8). 

It is bcliC'vC'cl, that the last tihould be cho:;en especially in the case of cricoid 

cart ilage di:;order:; 

It S<'em~ very plausible to use constructs which would substitute the carti

lage to build the elements of laryngral and tracheal framework. Application of 

biomaterial rings imitating the tracheal carti lages would be a breakthrough. 
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(a) (b) 

(c) (d) 

1-'ICt ' HE 7. Step-by-step procNlur<' in the treatment of subglottic stt•nosis; (v) 

pil'luw of the subglottic stenosis, (b) widPning of the steno;;is with the u"'<' of 
a laser. (c) a pplication of th1• tcllon sheet to prevent from s!'arring and s tc•nosis. 
(d) :3 wpck:-, aftpr rPmm·ing thP slwPt: !'nlarged funwn of tlw subglottis wiH•n 

!'Olnpurt'd to photograph (a). 

(a) (b) (c) 

FlG UltE 8. End-to-end ana;;tomosi;; o f t hP trachea in the treatment of tracheal 

s tenosis. (a, b ) d issection of t he s lc>no tic region. (c) an end-to-end anastomosis of 

t lw trachea. 
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Thosr ringr; would be inserted in the place of dissected tracheal carti lages. 

'I\ m met hods of trcatnlC'nt serm tu lw possi bl<' rit her the application of the 

rings that would match CX<lCtl.Y the tracheal cartilages to simply substituLc 

one with thl' othc'r. or tlw application of tl1e hiomaLerial rings of larger di

illllC't l'l'. Lhal would snrround the t racbca. and tracheal cartilages would be 

lliOtttl\l'cl to it and expanded. 

DirTerent tissue l' ngiuPering procedures of reconstruct ion of Llw ltllncn o f 

the upper respiratory tract were studied i11 the recent years. Until today none 

of l hclll wnc applied in Lhe clinical treatment, an cl all of the research arc in 

the cxpcri!llent al phase. Few leams working on this subject worldwide elab

orated different techniques of proceeding iu the case of subglottic stenosis. 

SchcmaLically Lhl' lllethuds nul be divided into three groups: 

J. t lw use of en clot radwal stent s. prepared from bioresorbable mat crials, 

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 nse of IJiorcsorbable endoLrac:heal stents. The PG LA 

st cnts were studied I J 7l- They were used after anterior t racheoplasly wi Lh the 

tl se of fascia lat a i11 rabbits. A biodegradable tracheal stent was used inter

nail~· tu stabili;r,c' and suppurt smgica.lly reconstructed airways. By 14 weeks 

t lw s tcn! s were nearly lOO% degraded. 

A not her met hod of t reatment is to prepare l issue engineered cartilage as 

a functional tracheal replacement. After harvesting the cartilaginous tissue, 

I he cells were isolated. cultmed and Lhen seeded on to different biomaterials. 

Tissue samples were obtained from many localizations. including: larynx and 

t raclH'a, a uricle, rib , and nasal septum 118 231 C linic:ally, in the treatment 

of subglottic stenosis, the most important layer of larynx and trachea is the 

cpit helium. Most surgical procedures with the use of a non biologic material 

( eg. titanium plates) require that the implant needs to be coated with a bio

logical layer , preferably th<' epithelium, but also with the perichondrium or 

fascia. In other cases. granulat ion tissue and t he deposition of fibrous tissue 

returns, and lhe stenosis recurs in the time of weeks or months. Most so

ph ist icated tissue engineering procedures in tracheal and laryngeal stenosis 

treatwent develop llw carti lagineous framework covered with ep itheli um on 

the internal wall. Different tissues were used as a ~ource of isolated epit hel ia l 
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cells. TlH' optimal plaC<' to harvest respiratory epithelial cells together ,,·ith 

cart ilag<' c<' lls is I he nasal cavity. As the procedure of harvesting is minimally 

invasive. and easy to perform, it might become the place of tissue harwst in 

the cliuical trial::; I2.J 2GI. 

3. Bone Tissue Engineering 

Bone d<'f'C'cts in tlw craniofa('ial and calvarial area vary in shape and size. 

The majority of cases of the bone defects that make th<' bone useless in the 

n' const ruct i\'<' surgery arc the neopla:;t ic transformations with in the bone. 

Such a tissue has to be removed with a large fine margin and the missing 

part has to be replaced. In Juo;;l of other cases, t h<' bone m ight be rc'placcd 

into its original place, after ;;ome preparations. 

In bone surgery of both maxillofacial area and a skull. the biomatnial 

that could be us<'d in rcconstructive surgery must be tension- resistant. non

rcsorbable, and certainly not fragile. 

What is the most important , due to t he fact t hat in most cases t.he tissue 

engineering procedures in bone recom;t ruction in the lwad region would b0 

appli0d Lo the oncological patients, the biomaterial must be neutral I o I he 

radiotherapy, as radiotherapy or chemoracliotherapy is a standard tr<'alment 

that follows the operation. 

3.1. Calvarial Reconstruction 

Presently, when we d0al with thC' larg<' hone defect in thC' calvarial area. 

one of the avai lable a rti ficial materials is used to clo;;c t.l10 wound. The sur

geon might choose from t he t itauium 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 29j. one of t he abovC' scaffolds (except for the titanium) is sett led 

with the patient's blastic C<'lls in vivo. In the many years follow-up, after im

plantation of t he a rtificia l material, it doesn't. integrate with patient's tissues 

and is fixed only with the ;;t it ches and cicatrix that surrounds Lhe foreign 

body. In some cases t he prostheses become movable 1271 . Another problem i;; 

the infection around t he implant. 

The most commonly u;;cd bone cement is t he polymethylmethacrylate 

1301. The use of a bone cement is much easier as it can be easily formed in 

any shape dming t he surgery. Unfort unat<'ly, apart from the complications 
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(a) (b) 

(c) (d) 

F'ICURF.: 9. The u~c of Litauiurn rne~h in the ~kull surgery. (a c) subsequent ~tep~ 
of orbital floor rrconstruction, (d ) frontal bone reconstruction. 

lllentioned above, t he Uf-i C' of meLhylmet.hacrylaLe i ~ combined with one more. 

The exoLhermic reaction produced during the polymerization of the cement 

yields temperature~ ovpr 80°C, 1311. At that temperature the necrosi~ of the 

surrounding tissues occur~. Thi~ i~ not a ca~e when the biomateria l, hydrox

ypapati te cement is used 132, 33j. What is also important, hydroxyapatite 

cement promote~ osseointegraLion and vascularization [33]. 
A biomaterial t hat 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 t he construct, it~ thickness and a curvature of the skull , might be 

prepared preoperatively. The final shape of the biomaterial would be prepared 

e ither during the operation, or also preoperatively with the application of the 

compu ter tomography 30 scans 1341. 



http://rcin.org.pl

130 W. KU I<WA l':T i\L. 

3.2. Craniofacial R econstructions 

Iu the maxillo-facial area the most coum1on arc tlw ckfccLs of maxilla aud 

mandible. Bot h the nC'oplastic diseases and injuriC's indnde mainly these tvvo 

bone regions. 

Most of tl1P maxilla is bu ilt of at bin plate of bouy tissue. It surrounds 

a maxillar.v sinus. Fractures of maxil la arc treated quite efficiently with the 

use of titanium plates or me::;hes (Fig 9), aml PLA or PGLA J35. 3GJ. The 

biomatf'rials used arc applied without any seeded cells. and t.hcy arc o1lly SC't 

as a resorbablc fix at iou systC'm. Defects of maxi llarv bone can lw rest or eel 

with titanium plates or materials that are used in the calvarial region. TissuC' 

c·ngincering proccclurcs \verC' also used in the treatment of the haC'rnangioma 

oft he maxi llary 1>inu::;, J37J. 

In the reconstrnctivc surgery of mandible, tlw situ at ion is different. T hf' 

bonC' is much thicker, and th<' mechanical force!:> arc much stronger. At 

prC'senL, after par t ial mandibular resection. one of the following procedurC'::> 

is possible: end-to-end fixation, the use• of Litanium plate, or autologous rna

Lcrial ( eg. a part of fibule, transplanted logethC'r wi tl 1 vasculature from Llw 

lower leg). 

As in other hf'ad and uccl< dcfC'ct s . it seems obvious t hal t hC' optimal 

material would act as an autologous tissuC' and would be obtained without 

aclcl itional scarring of t.l1e pat ient. ThPsc rPquirC'mcnts art' fulfilled only by 

cnginccrC'd t issuC's. 

4. Conclusions 

Different defects in t lw head a nd neck region arC' quite oft en Most of 

them can be rec·onstr uct.cd smgically. t; n fort Uliat ely ::;ome of the proced nrcs 

in the bone and car ti !age defect treat mC'nt are very imperfect, and Lhe effect.::; 

of operations are unsatisfactory. 

Some of the biomaterials, like PLA or PGLA, arc already allowed in the 

clin ical u::;e. The major ity of tis::;uc engineering procedure's are st il l in the 

p re-clinical trials and wait for tlw approval, J38 40]. It is CC'rtain that with 

new t issue engineering procC'clures the rC'construcLive surgery wil l be more 

effective and much more aest hctic in t be coming years. 
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