B.T. ManbuyH, A.N. KploKoB,
M.M. MaromepnoB

OTOPUHONAPUHIONOT A

4-e n3paHve,
nepepaboTaHHOE M AONONMHEHHOE

MuHNCTEpPCTBO HayKu 1 Bbicwwero o6pasosanus PO

PekomeH0BaHO KOOpAMHALMOHHbBIM COBETOM N0 061acTH 06pa3oBaHus
«3[paBOOXpAHEHINE U MEANLMHCKIE HAYKMY B KauecTBe yuebHuKa Ans
NCNoNb30BaHUs B 06pa30BaTENbHbIX YUPEXAEHMUAX, PEANU3YIOLNX OCHOBHbIE
npodeccnoHanbHble 06pa3oBaTe/bHble MPOrpamMmbl BbICLIEro 06Pa30BaHNA YPOBHS
CcneynanuTeTa no HanpaeneHuio NoaAroToBKM 31.05.01 «/leuebHoe fenox»

PerncTpaunoHHbIi Homep peLieH3un 680 oT 21 mapTa 2019 roga



TEXTBOOK

V.T. Palchun, A.l. Kryukov,
M.M. Magomedov

OTORHINOLARYNGOLOGY

Moscow
)»_) «GEOTAR-Media»

PUBLISHING GROUP
2020




CONTENTS

Foreword . ........... .. . . . . .
Introduction . ......... ... . .. . . . .
List of Abbreviations and Designations. . . ............................

Chapter 1. Brief History of Otorhinolaryngology . .....................
I.1. Subjectof study . .. ... .. i
1.2. Emergence of the Specialty as an Standalone
Medical Discipline . . . ...t e

Chapter 2. ENT Examination Methods .. ...........................
2.1. Nose and Paranasal Sinuses Examination .. ...................
Stage One. Visual Inspection and Palpation .................
Stage Two. Anterior Rhinoscopy .. ........................
Stage Three. Olfactory and airflow measurement .............
Stage Four. Radiography ............. ... ... ... .......

Stage Five. Endomicroscopy of the
Nose and Paranasal Sinuses . .............................
2.2. Pharynx Examination Methods . ............................
Stage One. Visual Inspection and Palpation .................
Stage Two. Endoscopy of the Pharynx. . ....................
2.3. Larynx Examination Methods . .............................
Stage One. Visual Inspection and Palpation .................
Stage Two. Indirect Laryngoscopy (hypopharyngoscopy) ... ...
2.4. Ear Examination Methods . ......... ... ... ... ... .. .. ....
Stage One. Visual Inspection and Palpation .................
Stage TWO. OtOSCOPY. « « v vttt e e e
Stage Three. Imaging Methods. . ....................... ...
Audiologic Examination. . ........... .. ... . ...
Complaintsand History ............ ... ... ... . ...,
Speech Testsof Hearing .. .......... ... ... ... iiiiin..
Tuning Fork Test. . ... e
Hearing Examination Using Electronic Acoustic Equipment . . .



6 Contents

Vestibular Analyzer Function Examination.................... 56
Spontaneous Nystagmus. . . ......otit it 57
Coordination Tests . ... ..ottt 58
Straight and Flank Gait Test. . ............................ 60
Vestibular Tests .. ..ottt e 60

2.5. ESOPhagosCopY . . ..ot 65
2.6. TracheobronchoSCopy. .. ..o oo v e 65
Test questionsandtasks ........... ... ..., 66

Chapter 3. Nose and Paranasal Sinuses Diseases . .. ................... 67
3.1. Nose and Paranasal Sinuses Clinical Anatomy . ................ 67

External Nose Clinical Anatomy . ...............coviunon... 67

Nasal Cavity Clinical Anatomy .............. ..., 70
Nasal Cavity Blood Supply . . ........ ... ... 79
Nasal Cavity Innervation .............. ... ... ... ......... 80

Paranasal Sinuses Clinical Anatomy . ........................ 81

3.2. Nose and Paranasal Sinuses Clinical Physiology................ 85
Respiratory Function ............ ... .. ... ... ... ......... 85
Protective Function. .. ....... ... .. ... .. .. .. ... ... ... .... 86
Olfactory Function .. ......... ... ... .. ... ... . . ... 87

3.3. External Nose Diseases. . .. ....covveee e 88

Abnormal Nose Development .. ............................ 88

Nasal Furuncle ......... ... . .. . .. .. 90

Erysipelas. .. ... 93

Rosacea and Rhinophyma . ................................ 94

Nasal Vestibule SyCOSIS. . ..o oot 95

Nose Eczema. .. ... 96

Thermal Injuries of the External Nose. .. ..................... 97
Burn. ... ... 97
Frostbite. . ... ... .. . 98

3.4. Nasal Cavity DiSeases . . . .. oo vttt et e 99

Nasal Septum Deviation. .. ......... ... ... ... ... ... 100
Test Questionsand Tasks . ........... ... ... ... .. ... ..... 102

Synechiae and Atresiae of the Nasal Cavity................... 103

Nasal Septal Hematoma and Nasal Septal Abscess. . ........... 104
Nasal Septum perforation. . ............ ... ... ... 105
Test Questionsand Tasks . ........... ... ... ... .. ... ..... 106

Nosebleed . .........o . 106

Acute RhinitiS . . ... oot 114



Contents 7
Specific Rhinitis ......... ... ... .. ... .. . 118
Chronic Rhinitis . ......... ... 119
Chronic Catarrhal Rhinitis. ............. ... ... .......... 120
Chronic Hypertrophic Rhinitis. .. ........................ 121
Atrophic Rhinitis. . ......... ... ... . ... . . 125
OZACNA. . .ottt 126
Allergic Rhinitis. .. ... .. . 128
Vasomotor Rhinitis................. ... ... ... ... ..... 132
Test Questionsand Tasks . ........... ... ... ... .. ... ..... 134
3.5. Inflammatory Diseases of the Paranasal Sinuses............... 134
Acute Maxillary Sinus Inflammation........................ 138
Chronic Maxillary Sinus Inflammation...................... 143
Acute Frontal Sinus Inflammation. . ........................ 147
Chronic Frontal Sinus Inflammation. ....................... 150
Acute Ethmoid Sinusitis .. ........... ... ... ... ... 152
Chronic Ethmoid Sinusitis . .. ......... ... ... ... ... ... .... 153
Acute and Chronic Inflammation of the Sphenoid Sinus........ 155
Rhinodacryocystitis. . .. ... 158
Test Questionsand Tasks . .............. ... ... ... ..... 159
3.6. Injuries and Foreign Bodies of the Nose and Paranasal Sinuses. . . 160
Foreign Bodies in the Nose and Paranasal Sinuses .. ........... 166
3.7. Rhinogenous Orbital and Intracranial Complications .......... 167
Rhinogenous Orbital Complications . ....................... 168
Rhinogenous Purulent Meningitis . . ........................ 170
Extradural AbSCess. . .. ..o oot e 171
Rhinogenous Brain Abscess .............. ... ... .. ... 171
Cavernous Sinus Thrombosis . ............................. 174
Sepsis: Rhinogenous, Tonsillogenous, and Otogenous. ......... 174
3.8. Modern Methods of Endoscopic Endonasal Surgery ........... 176
Indications for Diagnostic Endoscopy of the Nasal Cavity and

Paranasal Sinuses and Endoscopy Techniques ................ 177

Indications for Endoscopic Endonasal Surgery

and Surgery Technique in the Nasal Cavity and
Paranasal Sinuses with the Endoscopes . . .................... 180
Test Questionsand Tasks . .............. ... ... ... ..... 181
Chapter 4. Pharynx Diseases . .. ..., 183
4.1. Pharynx Clinical Anatomy . . . ......... ..., 183

NasopharynxX . . ... 184



8 Contents
OrOpharynX . ..o 185
HypopharynX. .. ... .. . 189

4.2. Pharynx Clinical Physiology.............. ... ... .. ....... 194
4.3. Pharyngeal Lymphoid Ring Physiology...................... 197
4.4, Acute Inflammatory Diseases of the Pharynx . ................ 199
Acute Pharyngitis . ........ ... ... . 200
Tonsillitis. ... oot 203
Infectious Diseases-asscociated Tonsillitis ................. 209

Blood Diseases-accociated Pharyngeal Pathology ........... 214
Atypical Forms of Tonsillitis. . ........................... 218
Quinsy (Intratonsillar Abscess). ... ..., 220
Tonsillopharyngitis (Adenoiditis). .. ...................... 221

4.5. Tonsillitis Complications . .............. ..., 222
Peritonsillitis . . ........ ... 222
Peripharyngeal Abscess. .. ... 226
Retropharyngeal AbSCess. . . ... 227

4.6. Chronic Inflammatory Diseases of the Pharynx ............... 229
Chronic Pharyngitis ......... ... ... .. . i 229
Chronic Tonsillitis. . .. ... e 232

4.7. Palatine Tonsils Hypertrophy............ ... ... ... ......... 244
4.8. Hypertrophy of Pharyngeal Tonsil (Adenoids) ................ 246
Adenoidectomy Complications ............................ 249

4.9. Pharynx Foreign Bodies .. .............. ... ... ........... 250
4.10. Wounds and Injuries of the Pharynx. .. ..................... 251
4.11. Pharynx and Esophagus Burns . ........................... 253
Test Questionsand Tasks ............ ... ... ... ... ... 256
Chapter 5. Larynx, Trachea and Esophagus Diseases ................. 258
5.1. Larynx ClinicaL Anatomy .. .............. i, 258
Laryngeal Cartilages ... ... .. 258
Laryngeal Joints. . .. ... ... i 261
Laryngeal Ligaments. . .. ........... .. 261
Laryngeal Muscles. . . ...ttt 263
Larynx Topographic Anatomy .. .............co i, 266
Larynx Blood Supply. . ....... ... 267
Larynx Nerve Supply. . ... oot 268

5.2. Trachea and Esophagus Clinical Anatomy ................... 269
Trachea .. ... . 269

Esophagus .. ... 272



Contents 9

5.3. Larynx, Trachea and Esophagus Clinical Physiology ........... 273
Respiratory Function ........... ... . ... ... ... ... ........ 273

5.4. Acute Inflammatory Diseases of the Larynx and Trachea. . ...... 276
Acute Catarrhal Laryngitis .. ........... ... ... ... .. ..... 277
Edematous Laryngitis . .. ......... ... . i 279
Infiltrative Laryngitis. . .. ......... ... . 281
Subglottic Laryngitis (False Croup) .. ....................... 282
Acute Epiglottitis. . .. ...... ... . 283
Laryngeal Chondro-perichondritis. . ........................ 285

5.5. Chronic Inflammatory Diseases of the Larynx ................ 287
Chronic Catarrhal Laryngitis . ............. ... .. ... ....... 287
Chronic Hyperplastic Laryngitis. . .......................... 288
Chronic Atrophic Laryngitis. . ............. ... ... .......... 290

5.6. Acute and Chronic Stenosis of the Larynx and Trachea......... 291
Acute Stenosis of the Larynx and Trachea.................... 291
Surgical Technique (Superior Tracheotomy) ............... 295
Chronic Stenosis of the Larynx and Trachea. ................. 297

5.7. Larynx Innervation Disorders. .. ........................... 298
Sensory Disorders . . ... 298
Motor Disorders . ..........o i 299
Central Laryngeal Paralysis. .. ........... ... ..., 299
Peripheral Laryngeal Paralysis . .......................... 300
Myopathic Paralysis ......... ... ... ... ... .. . .. ... 301
Laryngospasm . .......... 302

5.8. Larynx and Trachea Injuries. ... ........... ... ... ... ....... 303
Gunshot Wounds of the Larynx and Trachea ................. 304
Closed Wounds of the Larynx and Trachea . .................. 305

5.9. Foreign Bodies of the Larynx, Trachea and Bronchi ........... 306
5.10. Larynx and TracheaBurns . ........... ... ... ... ... ....... 308
5.11. Esophagus Foreign Bodies . ........... ... ... ... ... ....... 310
Test Questionsand Tasks . ........... ... ... ... ... ....... 311
Chapter 6. Ear Disorders. . ...........co i, 312
6.1. Ear Clinical Anatomy and Physiology ....................... 312
External Ear Clinical Anatomy. . ............coiiiinenen... 313
Middle Ear Clinical Anatomy. .. ......... ..., 319
Tympaniccavity ........... i 319
Auditory tube. ... ..o 326

Mastoid Process. . ... 327



10 Contents
Middle Ear Clinical Anatomy. . ........... ... ..., 329
Inner Ear Innervation.............. ... ... ... ... ........ 338
6.2. Ear Clinical Physiology. ... ... 341
Function of the AuditoryOrgan. . .......................... 341
Basic concepts of physical acoustic ....................... 342
Functions of the External, Middle and Inner Ear............ 346
Function of the Vestibular System .......................... 352
6.3. The ExternalL Ear Disorders. . ............... ..., 357
External Ear Deformities . ............ ... ... ... ........... 358
External Ear Inflammatory Diseases . ....................... 359
External Auditory Meatus Furuncle (Otitis Externa
CirCuUmSCIipta). . . oot e e e e 359
Acute Otitis Externa . ............ ... i, 360
Erysipelas. .. ... 362
OtOMYCOSIS &« oot v et ettt e e e e 363
EarEczema ......... .. ... i 365
Auricle Perichondritis. . ........... ... .. ... . ... 367
Cerumen Plug . ....... .. 368
Foreign Bodies in the External Auditory Canal (Meatus)........ 371
Exostoses of the External Auditory Canal (Meatus) ............ 373
6.4. Middle Ear Disorders . .. ...t 374
Acute and Chronic Eustachitis. . ........................... 374
Otitis Media With Effusion. .. ............................. 377
Acute Suppurative OtitisMedia . ........................... 382
Adhesive OtitisMedia. . ............. ... .. 393
Mastoiditis. . .. .o 395
Features of Pediatric Mastoiditis (Antritis) ................. 401
Chronic Suppurative OtitisMedia . ......................... 402
Chronic Tubotympanic Suppurative Otitis Media
(Mesotympanitis) .. .........ouitiniiri i, 404
Chronic Atticoantral Suppurative Otitis Media
(AttiC DiSease) . . . oo oo e e e 407
6.5. Inner Ear Diseases. . . .......oiiiiii i 416
Labyrinthitis . .......... .. ... 416
Sensorineural Hearing Loss . ............ ... ... ... ......... 424
Meniere’s DiSease . . .. .o vt 429
Benign Paroxysmal Positional Vertigo....................... 435
OtOSCIETOSIS .« . v vt ettt e 437
6.6. Hearing Aids and Cochlear implantats. . ..................... 444



Contents 1

6.7. Otogenic Intracranial Complications and Otogenic Sepsis. . . . . .. 447
Otogenic Meningitis . .. ..., 450
Otogenic Brain Abscesses . . ..., 456

Epidural Abscess . . ...t 457
Subdural Abscess. .. ...vii i 458
Temporal Lobe Abscess and Cerebellar Abscess . .............. 459
Cerebral Venous Sinus Thrombosis (Sigmoid Sinus
Thrombosis) and Otogenic Sepsis . ...............cooin. .. 465
Otogenic Inflammation and Facial Nerve Trauma............. 468

6.8. EarTraumas .. ..........uiiniiiee i, 472

External Ear Traumas. .. ........... ... i, 473
Damage ofthe Auricle. . ......... ... ... ... ... ... ... ..., 473
Injuries to the External Auditory Canal . ................... 474
Othematoma ............... ittt 474

Tympanic Membrane Injuries ............................. 475

Traumatic Otitis Media and Mastoiditis ..................... 477

Inner EarInjuries ........ ... ... .. .. ... ... . . .. . ... 478

Thermal and Chemical Ear Traumas........................ 480

AcousticTrauma. . .......... i 482
Vibration Trauma . ......... ... ... ...t .. 483
Barotrauma ........... ... .. 484
Test Questionsand Tasks . .............. ... ... .. ... ..... 485

Chapter 7. Specific ENT Organs Diseases .. ........................ 487

7.1. ENT Manifestations of Tuberculosis .. ...................... 487

Upper Respiratory Tract Tuberculosis. . ..................... 487
Nose TuberculosiS. . . ..ot e 487
Laryngeal Tuberculosis. ... ......... ... ... .o . 488
Ear Tuberculosis . . ..ot 490

7.2. Upper Respiratory Tract and Ear Syphilis. ................... 492
Nose SyphiliS. . ..ot 492
Pharynx and Larynx Syphilis . ......... ... ... ... ... .. ..... 493
Ear Syphilis . .. ... .. 495

7.3. Scleroma of the Upper Respiratory Tract .................... 496
Wegener’s Granulomatosis (Granulomatosis with polyangiitis). . . 499

7.4. HIV-Associated Lesionsof ENT Organs. . ................... 502

Test Questionsand Tasks . ............ ... .. ... ... .. ..... 506
Chapter 8. Upper Respiratory Tract and Ear Neoplasms .............. 508

8.1. Nose and Paranasal Sinuses Neoplasms. .. ................... 508



12 Contents
Tumor-like Lesions of the Nose and Paranasal Sinuses ......... 509
Nose and Paranasal Sinuses Benign Tumors. ................. 509

Papilloma. . ...... ... . . 509

Nasal Cavity Vascular Tumors .. ......................... 510
OStEOMA. .« v vttt e e 510

Nose and Paranasal Sinuses Malignant Tumors . .............. 511

8.2. Pharynx Neoplasms. . . .. ..ottt e 514
Tumor-like Lesions of the Pharynx ......................... 514
Pharynx Benign Tumors. . ............ ... ... ... ... ... ... 514
Papilloma. . ... ... . . 514
Juvenile Angiofibroma ......... ... ... ... . ... .. .. 515
Pharynx Malignant Tumors ............................... 518
Nasopharynx Tumors . ...t 518
Middle Part of the Pharynx Tumors. . ..................... 519
Laryngopharynx Tumors. .. ......... ... .. i, 519

8.3. Larynx Neoplasms. . . ... .ottt e 520
Tumor-like Lesionsofthe Larynx . ......................... 520
Vocal Fold Polyps and Diffuse Polyps .. ................... 520

Vocal fold nodules (Singers’ nodules) ..................... 521
Laryngeal Cysts . . ..ot e 522
Larynx Benign Tumors. ........... ... ... ... ... 523
Papilloma. . ........ .. . 524
ANGIOMA. . ... e 525
Larynx Malignant Tumors . ..., .. 526

8.4. Ear Neoplasms . .......... i 535
Tumor-like Lesionsofthe Ear .. ........................... 536

Ear Benign TUMOTS . . .. oottt e 536

Ear Malignant Tumors . ............ . i, 539
Acoustic Neuroma (Vestibular Schwannoma). .. .............. 541
Test Questionsand Tasks ............ ... ... ... ... ... 543

Chapter 9. Essential Drugs in Otorhinolaryngology................... 544
Natural penicillins. . . ... .. i 544
Semisynthetic penicillins . ........... ... ... ... ... ... .. .... 544

CephaloSporings . . ...t e 544
Fluoroquinolones . ...............c. i iiinnnon.. 545
Macrolides. .. ... 545
Carbapenems (Tienamicins). .. ...............cccviuon.... 546

TetracyClines . .. ..o vt 546



Contents 13

Imidazoles . .......... o i 546
Topical Antibacterial Drugs . .. ........... ... ... ... ...... 546
Antifungal Drugs. . ... ... . 546
Glucocorticoids. . .. .o vt 546

Systemic Glucocorticoids. . ....... ... 546

Topical Glucocorticoids . . ............ ... ... 547
Antihistamine Drugs. . ........ ... .. . 547

Systemic Antihistamine Drugs .. ......................... 547

Topical Antihistamine Drugs . ........................... 547
Immunomodulating Drugs, Vaccines ....................... 548
Homeopathic Drugs . ............. i 548
Mucolytic Drugs . ... ... 548
Topical Vasoconstrictor Drugs. . ........... ..., 548
Enzymatic Drugs. ........ ... ... . . 548
Ear Drops. . ..o 549
Combined Systemic Drugs for Treatment of
Various Forms of Rhinitis and Sinusitis...................... 549
Combined Topical Drugs for Treatment of
Various Forms of Rhinitis and Sinusitis...................... 549
Topical Anesthetics. . ... 549

AppendixX . ... 550
List OF Questions for Examination and Test Preparation........... 550
General Specialty Questions. . . .............. it ... 550

Ear .. 550

Nose and Paranasal Sinuses . ............................ 551

Pharynx ... ... . 551

LarynX ... 552



Chapter 3

NOSE AND PARANASAL SINUSES
DISEASES

A bunch of dry steppe grass...

I feel its fragrance, although it is dry!
For it reveals a full smell

Of steppe at once...

A. Maykov

3.1. NOSE AND PARANASAL SINUSES CLINICAL ANATOMY

The upper respiratory tract includes the nose, paranasal sinuses, phar-
ynx, and larynx. The nose (nasus) is the initial part of the respiratory tract;
the peripheral part of olfactory system is located in the nasal cavity. Inclinical
anatomy, nose is separated into the external and internal nose (or nasal cavity).

External Nose Clinical Anatomy

The external nose (nasus externus) consists of an osteocartilaginous structure
covered with skin and has a shape of a triangular pyramid its base directed down-
ward (fig. 3.1, a—c). The upper part of the external nose, which joins thefrontal
bone, is called the root of the nose (radix nasi); it continues into the nasal dorsum
(dorsum nasi) and finishes on the tip of the nose (apex nasi). The lateral surfaces
of the nose, flexible in the tip area, represent the wings of the nose (alae nasi), and
their free edges form the entrance of the nose, or nostrils (nares), separated one
form another by a moving part of the nasal septum (septum mobile nasi).

The bony part of the nose frame consists of a pair of flat nasal bones (ossa na-
salia) making the nasal dorsum. Frontal process of the maxilla (processus fron-
talis maxillae) is placed laterally to the nasal bones on the both sides together
with cartilaginous part of the external nose forming the lateral nasal walls and
nasal crest. In the anterior part, these bones, together with the anterior nasal
spine, form a pyriform aperture (apertura piriformis) of the facial skeleton.
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Fig. 3.1. External nose: a— frontal view; b — lateral view; ¢ — nasal vestibule; 1 — nasal bones;
2 — frontal process of the maxilla; 3 — lateral processes of the septal nasal cartilage; 4 — major
alar cartilage; 5 — medial crus; 6 — lateral crus; 7 — septum cartilage

The cartilaginous part of the external nose is tightly connected to the nose
bones; it includes a pair of the upper lateral cartilages, i.e. the lateral process
of septal nasal cartilage (cartilago nasi lateralis) and a pair of the lower lateral
cartilages (major alar cartilages: cartilago alaris major). The major alar cartilage
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forms the medial and lateral crus (crus mediale et laterale). Normally, between
the lateral and major alar cartilages, there are non-constant minor alar carti-
lages of various sizes — the sesamoid cartilages (cartilagines alares minores).

The skin cover of the external nose has a lot of sebaceous glands, especially
in the lower third. The skin also covers the walls of the vestibule of the nose
(vestibulum nasi) for 4—5 mm. Here it has a big number of hairs which can be
possible case of pyoderma, furuncles, and sycosis in that area.

Humans external nose muscles are rudimentary and do not have a big prac-
tical importance. They play a certain role in the expansion and contraction of
the nasalcavity opening.

As all other soft tissues of the face, the external nose is abundantly supplied
with blood (fig. 3.2), mainly from the exfernal carotid artery system by the an-
gular artery (a. angularis) from the anterior facial artery (a. faciales anterior),
as well as from the internal carotid artery system by the dorsal artery of the nose
(a. dorsalis nasi) which is formed by the terminal branch of the ophthalmic
artery (a. ophthalmica). Coming together to the area of the root of the external
nose, the angular artery and dorsal artery of the nose form a anastomosis bet-
ween the internal and external carotid arteries (fig. 3.3).

Blood outflow from the external nose tissues goes to the facial vein (v. fa-
cialis) which is formed by the following veins:

» angular vein (v. angularis);

» external nasal veins (vv. nasales externae);

Fig. 3.2. Blood supply to the external nose: 1 — angular artery; 2 — facial artery; 3 — dorsal
artery of the nose



70 Chapter 3

Fig. 3.3. Veins of the external nose: 1 — facial vein; 2 — angular vein; 3 — superior ophthalmic
vein; 4 — cavernous sinus; 5 — internal jugular vein; 6 — pterygoid plexus

» superior and inferior labial veins (vv. labiales superior et inferior);

» deep facial vein (v. facialis profunda).

Then the facial vein enters the internal jugular vein (v. jugularis interna).
From the clinical perspective it is important to note a connection between the an-
gular vein and superior ophthalmic vein (v. ophthalmica superior) entering the
cavernous sinus (sinus cavernosus). Due to that fact, infection can spread from
an inflammatory focus of the external nose to the cavernous sinus and develop-
ment of severe orbital and intracranial complications are possible.

From the external nose the lymph efflux goes to the submandibular and
parotid lymph nodes.

Motor innervation of the external nose is provided by the facial nerve (n. fa-
ciales); sensitive innervation is provided by the first and second branches of
the trigeminal nerve (n. trigeminus): the supraorbital and infraorbital nerves
(nn. supraorbitalis et infraorbitalis).

Nasal Cavity Clinical Anatomy

The nasal cavity (cavum nasi) is located between the oral cavity (below), anteri-
or cranial fossa (on top), and orbits (laterally). It is divided by the nasal septum into
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two halves; in the anterior it is connected to the external environment by means of
nostrils; in the rear part it is connected to the nasopharynx by means of choanae.
Each half of the nose is surrounded by the four paranasal sinuses (fig. 3.4):

» maxillary (antrum of Highmore);

» ethmoid;

» frontal;

» sphenoid.

The nasal cavity is limited by the four walls: inferior, superior, medial, and
lateral (fig. 3.5). In front, the inferior wall (the nasal cavity floor) is formed by
two palatine process of maxilla, at the back it is formed by the horizontal plates
of the palatine bone. Along the middle line these bones are connected by a su-
ture. Congenital abnormalities of this connection cause various defects (such
as cleft palate or cleft lip). In the anterior, at the nasal cavity bottom, there
is an incisive canal (canalis incisivus) through which the nasopalatine nerve
(n. nasopalatinus) and nasopalatine artery (a. nasopalatina) enter the mouth
cavity. This should be taken into consideration at the moment of submucous
resection of the nasal septum and other surgical interventions on this area in
order to avoid serious bleeding. Newborns have the nasal cavity floor which
touches dental buds located in the body of the maxilla.

Fig. 3.4. Paranasal sinuses: a — frontal view: 1 — frontal sinus; 2 — maxillary sinus; 3 —
ethmoid air cells; b — lateral view: 1 — sphenoid sinus; 2 — superior nasal concha; 3 — middle
nasal concha; 4 — inferior nasal concha
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Fig. 3.5. Walls of the nasal cavity: 1 — superior; 2 — lateral; 3 — medial; 4 — inferior

The nasal cavity upper wall, or roof, is formed by the nasal bones in the
anterior; its middle parts are formed by a perforated (cribriform) plate of the
ethmoid bone (lamina cribrosa ossis ethmoidalis); its posterior part is formed by
the anterior wall of the sphenoid sinus. Through the foramina of the cribriform
plate of the ethmoid bone (25—30 foramina) olfactory filaments, anterior eth-
moid artery, and vein enter the nasal cavity.

The newborns have the cribriform plate (lamina cribrosa) consisting of fi-
brous tissue ossifies by age 3.

In the medial wall, or the nasal septum (septum nasi) consists of the anterior
cartilage part and posterior bony part (fig. 3.6). The cartilage part is formed by
the septal nasal cartilage — the quadrangular cartilage (carfilago septi nasi) —
the superior margin of which forms the anterior part of the nasal dorsum,
whereas the anteroinferior margin is involved in the formation of the mobile
part of the nasal septum (pars mobilis septi nasi). The rear superior and middle
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areas of the bony part are formed by a perpendicular plate of the ethmoid bone
(lamina perpendicularis) and the rear inferior area of the bony part is repre-
sented by a separate bone of the nasal septum, i.e. the vomer (vomer).

Fig. 3.6. Medial wall of the nasal cavity: 1 — nasal septum; 2 — mobile part of the nasal septum;
3 — perpendicular plate of the ethmoid bone; 4 — vomer

The newborns have a perpendicular plate of the ethmoid bone as a mem-
branous structure. Between the perpendicular plate and vomer, as well as be-
tween the nasal septum cartilage and vomer there is a cartilage strip, i.e. the
growth zone, thanks to which the nasal septum calcification occurs after the
age of 10. Damage to the growth zone (for instance, during surgical inter-
ventions) can cause deformation of the nasal septum and external nose. As a
result of different development speed of the bony and cartilage tissues, spikes
and crests may form in the growth zone, thus causing nasal breathing impair-
ment.

The lateral (side, external) wall of the nasal cavity is formed by several bones
and has a more complex structure. Its anterior and central areas are formed by
the frontal process of the maxilla, medial wall of the maxilla, lacrimal bone,
and ethmoid bone cells. The posterior parts of the lateral wall are formed by
the perpendicular plate of the palatine bone and medial plate of the ptery-
goid process of the sphenoid bone which form the choanae edges. Medially
the choanae are limited by the posterior border of the vomer; laterally they are
limited by the medial plate of the pterygoid process of the sphenoid bone; on
top they are limited by the body of that bone, at the bottom they are limited by
the posterior border of the horizontal plate of the palatine bone.
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On the lateral wall there are the three nasal conchae (conchae nasales): inferior,
middle, and superior (conchae nasalis inferior, media et superior). The inferior nasal
concha is the biggest one; it is represented by its own bone, whereas the middle and
superior conchae are formed by the ethmoid bone. All nasal conchae, being fixed
to the lateral wall of the nasal cavity as horizontal plates, form under

Themselves the inferior, middle, and superior nasal meatuses. Between the
nasal septum and nasal conchae, a cleft-like free area is formed; it expands
from the nasal cavity floor to the nasal roof; this area is also called the common
nasal meatus.

Children have narrower nasal meatuses, and their inferior nasal concha
reaches the nasal cavity floor. This is why nasal breathing impairment in chil-
dren happen more quickly even if the mucous membrane is slightly swollen
in case of catarrhal inflammation. This fact impedes breast feeding because
babies cannot suck without nasal breathing. Moreover, young children have a
short and wide auditory tube located horizontally; this can provoke penetra-
tion of infected mucus from the nasopharynx through the auditory tube to the
middle ear and development of acute otitis media.

The inferior nasal meatus (meatus nasi inferior) is located between the
inferior nasal concha and the maxillary sinus wall. In the area of its arch,
approximately one centimeter from the anterior border of the concha, there
is a nasolacrimal duct (ductus nasolacrimalis) opening. This opening ap-
pears after the birth; delay of its opening impedes outflow of tears and leads
to cystic expansion of the duct and narrowing of the nasal meatuses. The
lateral wall of the inferior nasal meatus is thick (spongy) in the inferior
parts, but closer to the place where the inferior nasal concha ends it be-
comes significantly thinner, that is why it is easier to perform maxillary
sinus paracentesis exactly here at a distance of 1.5 cm from the anterior
border of the concha.

The middle nasal meatus (meatus nasi medius) is located between the infe-
rior and middle nasal concha. In this area, the lateral wall is complex and is
represented by bony tissue, as well as by the mucous membrane reduplication,
also called the fontanel. On the lateral wall of the middle nasal meatus under
the nasal concha, there is a semilunar hiatus (hiatus semilunaris) the posterior
part of which forms a small ethmoidal infundibulum (infundibulum ethmoidale;
fig. 3.7). An outlet opening of the frontal sinus opens into the ethmoidal in-
fundibulum in front and on the top, whereas a connection of the maxillary
sinus opens at the rear and bottom part. The anterior ethmoidal air cells open
into the semilunar hiatus. The connection of the maxillary sinus in the infun-
dibulum is covered with the uncinate process (processus uncinatus) that limits
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Fig. 3.7. Structure of the lateral wall of the nasal cavity: a — skeleton of the lateral wall of the
nasal cavity after removal of soft tissues: 1 — frontal process of maxilla; 2 — nasal bone; 3 —
superior nasal concha; 4 — middle nasal concha; 5 — inferior nasal concha; 6 — perpendicular
plate of palatine bone; 7 — internal plate of pterygoid process of sphenoid bone; 8 — lacrimal
bone; 9 — sphenopalatine foramen; 10 — horizontal plate of palatine bone; b — lateral wall
of the nasal cavity after removal of nasal conchae: 1 — semilunar hiatus; 2 — ethmoidal
infundibulum; 3 — opening of the frontal sinus duct; 4 — openings of the sphenoid sinus and
posterior ethmoidal air cells; 5 — superior nasal concha; 6 — middle nasal concha; 7 — inferior
nasal concha; 8 — agger nasi; 9 — anterior nasal valve; 10 — openings of the maxillary sinus
and anterior ethmoidal air cells

the semilunar hiatus in the anterior; that is why usually outlet openings of the
sinuses are not visible at the moment of rhinoscopy.

On the lateral wall of the nasal cavity in the area of the middle nasal concha
border there is the agger nasi which represents a small ridge located parallel
to the nasal dorsum. Sometimes its air cells significantly increase in size and
block the entrance to the middle nasal meatus. From the bottom, the agger
nasi borders with the surface of the uncinate process.

Pneumatized type of the anterior border of the middle nasal concha is
common. It is referred to as a bulla (concha bullosa ethmoidale) formed by one
of the ethmoidal air cells.

A bulla of the middle nasal concha may provoke disturbances of aeration of
paranasal sinuses and their subsequent inflammation.

The system of anatomic structures in the anterior area of the middle nasal
concha is called “the osteomeatal complex”. It includes the following:

» uncinate process;
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» anterior ethmoidal air cells;

» infundibulum;

» opening of the maxillary sinus;

» lateral surface of the middle nasal concha.

The uncinate process (semilunar bony plate) forms the infundibulum medi-
al wall. In front of the uncinate process, at the level where the superior border
of the middle nasal concha ends, there are agger nasi cells. These cells may be
represented by a single cavity, but more frequently this is a system of separate
cells which open into the ethmoidal infundibulum. At the back of the uncinate
process, under the anterior border of the middle nasal concha, there is a big
block of the anterior ethmoidal cells — the ethmoid bulla (bulla ethmoidalis).
And, finally, the opposite part of the nasal septum is also included in the os-
teomeatal complex (fig. 3.8).

Fig. 3.8. The osteomeatal complex (endoscopic view): 1 — uncinate process; 2 — cells of the
agger nasi; 3 — big ethmoidal bulla; 4 — nasal septum; 5 — base of the middle nasal concha;
6 — anterior part of the middle nasal concha; 7 — common nasal meatus

The superior nasal meatus (meatus nasi superior) extends from the middle
nasal concha to the roof of the nose. At the level of the posterior border of
the superior nasal concha, in the superior nasal meatus, there is a spheno-
ethmoidal recess (sphenoethmoidal space), where the sphenoid sinus (ostium
sphenoidale) and posterior ethmoidal air cells open.
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The nasal cavity and paranasal sinuses are covered with the mucous mem-
brane except for the nasal vestibule which is covered with the skin containing
hairs and sebaceous glands.

In the nasal cavity, depending on the mucous membrane structure and
function, the following two regions identified: respiratory (breathing) and ol-
factory.

The respiratory region of the nose (regio respiratoria) takes the area from the
nasal cavity floor to the level of the inferior border of the middle nasal concha.
In this area, the mucous membrane is covered with multi-layered columnar
ciliated epithelium (fig. 3.9). The apical surface of ciliated cells has about 200
thin 3—5 wm long cilia formingcovering almost all surface. Cilia motion are di-
rected towards the nasopharynx, and, in the anterior part, they are in directed
motion towards the vestibule. The vibration frequency of cilia is about 6—8 per
second. Moreover, the mucous membrane contains a lot of goblet cells, which
produce mucus, and branched serous and seromucous tubular alveolar glands.
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Fig. 3.9. Ciliated epithelium (photomicrography, x2600)

The substance produced by glands goes to the surface through excretory
ducts of the mucous membrane of the nose. Cilia are immersed in tubular al-
veolar glands substance; the normal mucus acidity (pH) ranges from 7.35 to
7.45. Alterations in the nasal mucus acidity towards more alkaline or more
acidic slow down movements of cilia up to their complete stop and disappear-
ance from the cells surface. Once pH is normalized, the function of cilia and
mucociliary clearance can be restored. Long instillation of any medications into
the nose will disturb the ciliated epithelium function; therefore, this should be
taken into account during treatment of any nasal disease. Along its entire length
the mucous membrane is tightly adherent to the perichondrium and perios-
teum; that is why during surgical interventions they are separated together.

On the medial surface of the inferior nasal concha and in the anterior pats
of the middle nasal concha, the mucous membrane of the nasal cavity is thi-
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ckened due to cavernous (spongy) tissue consisting of venous sinuses the walls
of which have a lot of smooth muscles. Under the influence of certain stimu-
lus (such as cold air or muscular exercise) the mucous membrane contain-
ing cavernous tissue may instantly swell up or contract causing constriction
or expansion of the nasal meatuses and regulating the respiratory function.
Normally throughout 24 hours patency of both halves of the nose is not simi-
lar: they experience alternating partial congestion and decongestion. Such al-
ternating change is called the nasal cycle.

The cavernous tissue of the nasal conchae in children becomes fully de-
veloped by the age of 6. In the mucous membrane of the nasal septum, at a
distance of 2.5—3 c¢m from its anterior margin, younger children may have a
rudimentary olfactory organ — the vomeronasal organ (Jacobson’s organ),
where cysts and inflammations may develop.

The olfactory region (regio olfactoria) is located in the superior parts of the nasal
cavity: from the inferior margin of the middle nasal concha up to the nasal roof
(fig. 3.10). The area between the medial surface of the middle nasal concha and
the opposite part of the nasal septum is called the olfactory cleft. In that region,
the olfactory epithelium of the mucous membrane consists of three types of cells:
olfactory bipolar neurons, basal cells, and supporting cells. Aslo ciliated epithe-
lium cells can be found there which perform cleaning function. The surface of the
olfactory epithelium is covered with mucus, which represents specific substance
produced by tubular alveolar glands (olfactory, or Bowman glands). The olfac-
tory receptor cells are of spindle shape; their round nucleus is displaced towards
the basal pole. The apical part of the olfactory neuron (dendrites) has 10—20 long
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Fig. 3.10. The olfactory region of the nasal cavity: 1 — olfactory filaments; 2 — cribriform plate
of the ethmoid bone; 3 — olfactory tract
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fixed olfactory cilia coming out from the epithelium into the layer of olfactory mu-
cus: they increase the receptor surface of the plasmalemma and contain chemo-
receptor proteins, as well as G-proteins activating the second messengers. First,
odorous substances are absorbed on olfactory mucus produced by Bowman glands
and transported to the receptors by non-specific carrier proteins. Disturbance in-
odorous substances transport to the receptors may occur as a result of swelling of
the mucous membrane and change in the secretion of olfactory mucus in case of
inflammation or allergic reaction in the nasal cavity. Odorant molecules contact
with chemoreceptor proteins launches a cascade of biochemical reactions leading
to generation of receptor cell action potentials. Axons of olfactory neurons form
around 20—25 thin filaments (filae olfactoriae) which, through the cribriform plate
of the ethmoid bone, enter the olfactory bulb (bulbus olfactorius), and then enter
the olfactory tract (#. olfactorius). The olfactory system of humans can distinguish
over two hundred natural and artificial smells.

Nasal Cavity Blood Supply

The biggest artery of the nasal cavity — the sphenopalatine artery (a. sphe-
nopalatina) — is a branch of the maxillary artery arisingfrom the system of
the external carotid artery (fig. 3.11). Passing through the sphenopalatine fora-
men (foramen sphenopalatina), next to the posterior border of the middle nasal
concha, it supplies blood to the posterior parts of the nasal cavity, paranasal
sinuses, and nasal septum.

The following arteries arise from it to the nasal cavity:

» posterior nasal lateral arteries (aa. nasales posteriores laterales);

» septal arteries (a. nasalis septi).

Fig. 3.11. Blood supply of the nasal cavity: 1 — sphenopalatine artery; 2 — ethmoid arteries
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The anterosuperior regions of the nasal cavity and the ethmoidal labyrinth
region are supplied by the ophthalmic artery (a. ophthalmica) from the sys-
tem of the internal carotid artery. The following arteries arise from it and pass
through the cribriform plate to the nasal cavity:

» anterior ethmoid artery (a. ethmoidalis anterior);

» posterior ethmoid artery (a. ethmoidalis posterior).

Nasal cavity blood supply has a dense arterial tree in the first third of the
mucous membrane. In this part, referred to as Kiesselbach’s area (locus Kissel-
bachii), the mucous membrane is very thin, and nosebleed frequently arise from
there. This is why Kiesselbach’s area is called the bleeding zone of the nose.

Venous vessels. Nasal cavity venous system is connected to veins of the
pterygoid plexus (plexus pterygoideus) and cavernous sinus (sinus cavernosus).
Due to this, spread of infection and beginning of rhinogenous and orbital in-
tracranial complications are possible.

Lymph flow. From the anterior parts of the nose lymph outflows to the sub-
mandibular lymph nodes and from the middle and posterior parts lymph outflows
to the postpharyngeal lymph nodes and deep cervical lymph nodes. Tonsillitis,
arising after a surgical intervention on the nasal cavity, can be explained by involve-
ment of the deep cervical lymph nodes into inflammation leading to congestion of
lymph in tonsils. Moreover, the lymphatic vessels of the nasal cavity are connected
to the subdural and subarachnoid space; therefore, there is a risk of meningitis as a
result of surgical interventions or inflammation in the nasal cavity.

Nasal Cavity Innervation

Following innervations types in nasal cavity are distinguished: olfactory,
sensory, and vegetative. The olfactory innervation is provided by the olfactory
nerve (n. olfactorius). Olfactory filaments, arising from sensory cells of the ol-
factory region (the first neuron) penetrate into the cranial cavity through the
cribriform plate where they form the olfactory bulb (bulbus olfactorius). Here,
the second neuron starts; its axons go together with the olfactory tract, pass
through the parahippocampal gyrus (gyrus parahippocampalis) and end in the
hippocampus (hippocampus) cortex, the olfactory centre of the cortex.

Sensory innervation of the nasal cavity is provided by the first and the sec-
ond branches of the trigeminal nerve(the ophthalmic nerve (n. ophthalmicus)
and maxillary nerve (n. maxillaris) respectively). The sympathetic and para-
sympathetic (vegetative) innervation of the nose and paranasal sinuses is rep-
resented by the nerve of the pterygoid canal (vidian nerve) which starts from
the junction on the internal carotid artery (upper cervical sympathetic node)
and from the geniculate ganglion of the facial nerve.
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Paranasal Sinuses Clinical Anatomy

The paranasal sinuses (sinus paranasalis) are the air cells that surround the
nasal cavity and have connections to it by having openings (foramina). The
paranasal sinuses are represented by the following four pairs of sinuses:

» maxillary;

» frontal;

» ethmoidalair cells;

» sphenoid.

In clinical practice the sinuses distinguished as follows:

» anterior paranasal sinuses:

» maxillary;
« frontal;
« anterior ethmoidal air cells;

» posterior paranasal sinuses:

« sphenoid;
« posterior ethmoidal air cells.

Such subdivision is convenient due to some difference in pathologies of the
anterior and posterior sinuses. For instance, the anterior sinuses open into the
nasal cavity through the middle nasal meatus, whereas the posterior sinuses
open into the superior nasal meatus; this is important for diagnosis. Diseases
of the posterior sinuses (especially the sphenoid sinuses) are less frequent than
diseases of the anterior sinuses.

The pair of maxillary sinuses (sinus maxillaris) located in the body of the
maxilla are the biggest ones: the volume of each is about 10.5—17.7 cm?. The
internal surface of the sinuses is covered with 0.1 mm thick mucous mem-
brane, the upper layer of which is represented by multi-layered columnar ci-
liated epithelium. Cilia move the mucus spirally to the top, to the medial angle
of the sinus, where the anastomosis with the middle nasal meatus is located. In
the maxillary sinus following walls are distinguished: anterior, posterior, infe-
rior, and medial.

Clinically, the medial (nasal) wall of the sinus, which corresponds to the
large part of the inferior and middle nasal meatuses, is the most important.
The medial wall is formed by a bony plate which, gradually becoming thinner,
may transfer into the duplication of the mucous membrane in the area of the
middle nasal meatus. In the anterior part of the middle meatus, in the semilu-
nar hiatus, the duplication of the mucous membrane forms an infundibulum,
at the bottom of which there is a opening (ostium maxillare) connecting the
sinus to the nasal cavity.
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The opening from the maxillary sinus (ostium maxillare) is located in the
superior part of its medial wall, and, due to this, the outflow from this sinus is
difficult. Sometimes during endoscopic examinations in the posterior parts of
the semilunar hiatus an additional outlet foramen (foramen accesorius) in the
maxillary sinus is found through which the mucous membrane with polyps can
bulge into the nasopharynx forming a choanal polyp.

The anterior (facial) wall of the maxillary sinus extends from the inferior
margin of the orbit to the alveolar process of the maxilla. This densest wall of
the maxillary sinus is covered with the cheek soft tissues and can be palpated.
The flat bone recession on the anterior surface of the facial wall, called canine
fossa (fossa canina), is the thinnest part of the anterior wall. The depth of the
canine fossa is about 4—7 mm on average. In case of enlarged fossa canina, the
anterior and superior walls of the maxillary sinus are located in the immediate
vicinity of its medial wall. This should be taken into consideration at the mo-
ment of the sinus paracentesissinus, as in such cases there is a risk that a para-
centesis needle can penetrate into soft tissues of the cheek or into the orbit and
that, sometimes, may lead to suppurative complications. Next to the superior
border of the fossa canina there is the infraorbital foramen, through which the
infraorbital nerve (n. infraorbitalis) goes out.

The superior (orbital) wall is the thinnest one, especially in the posteri-
or part; dehiscence is frequent there. Canal of the infraorbital nerve passes
through this wall. Sometimes the nerve and blood vessels immediately adjacent
to to the mucous membrane covering the superior wall of the maxillary sinus;
this should be taken into account at the moment of curettage of the mucous
membrane during a surgical operation. The posterosuperior (medial) parts of
the sinus adjancet with a group of posterior cells of the ethmoidal labyrinth and
with the sphenoid sinus, so surgical access to them is convenient through the
maxillary sinus as well. The venous plexus, connected to the orbit by means of
the cavernous sinus of the dura mater facilitates spreading of a process to these
regions and development of such dangerous complications as thrombosis of
the cavernous sinus and orbital cellulitis.

The thick posterior wall of the sinus is adjacent to the pterygopalatine fossa
where the maxillary nerve, pterygopalatine ganglion, maxillary artery, and
pterygopalatine venous plexus are located.

The inferior wall (or the sinus floor) is formed by the alveolar process of the
maxilla. As a rule, in case of medium-sized maxillary sinus, its floor is located
approximately at the level of the nasal cavity floor, but often it can be located
slightly below. If the maxillary sinus volume is increased, protrusion of tooth
roots in the sinus is possible; this can be seen during X-ray examination or dur-
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ing maxillary sinus surgery. Such anatomic feature increases the risk of odon-
togenic maxillary sinusitis (fig. 3.12). Sometimes are bone crests and bridges
on the walls of the maxillary sinus dividing the sinus into bays and (very rarely)
into separate cavities. Sinus size variation is common.

Fig. 3.12. Anatomical position of the maxillary sinus and tooth roots

FEthmoid sinuses (sinus ethmoidalis) consist of interconnected cells separated
from each other by thin bony plates. The amount, volume, and location of
ethmoidal air cells significantly vary, but their average number on each side
amounts to 8—10. The ethmoidal labyrinth is represented by a single ethmoid
bone bordering with the following sinuses: frontal (on the superior margin),
sphenoid (on the posterior margin), and maxillary (on the lateral margin).
Laterally the air cells of the ethmoidal labyrinth are adjacent to the lamina
papyracea (or orbital lamina). If ethmoidal air cells are present in the orbit
(it happens rather frequently), they border with the anterior cranial fossa. In
such case the cribriform plate (lamina cribrosa) lies below the arch of the eth-
moidal air cells, so at the moment the cells dissection one should keep the
lateral direction in order to avoid penetration into the cranial cavity through
the cribriform plate. Above the inferior nasal concha, the medial wall of the
ethmoidal labyrinth is the lateral wall of the nasal cavity.

Depending on the location, the anterior and posterior air cells in the
ethmoidal labyrinth are distinguished. The anterior air cells open into the
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middle nasal meatus, whereas the posterior air cells open into the superior
nasal meatus. The ophthalmic nerve passage is close to the ethmoid sinus-
es. The topographic anatomy of the ethmoidal labyrinth facilitates involve-
ment of the orbit, cranial cavity, and ophthalmic nerve into a pathologic
process.

The frontal sinuses (sinus frontalis) are paired and located in the squamous
part of the frontal bone. Their configuration and size may vary; on average,
the volume of each sinus is 4.7 cm?; its triangular shape is seen on the sagittal
section of the skull. The sinus is limited by four walls. The major part of the
inferior (orbital) wall is represented by the superior wall of the orbit; on a small
Iength it borders with the air cells of the ethmoidal labyrinth and with the nasal
cavity. The anterior (facial) wall is the thickest (up to 5—8 mm). The posterior
(cerebral) wall adjacent to the cranial fossa is thin, but relatively solid, and it
consists of a compact bone. In the inferior part, the medial wall (septum of the
frontal sinuses) is usually located on the center line and in the superior part it
may decline to sides. The anterior and posterior walls join at an acute angle in
the superior part. On the inferior wall of the sinus, in front of the septum, there
is a foramen of the frontal sinus duct which connects the sinus to the nasal
cavity. The length of the duct is about 10—15 and the width is 1—4 mm. It ter-
minates in the anterior part of the semilunar hiatus in the middle nasal meatus.
Sometimes the sinuses go laterally creating bays and bridges; sometimes large
(over 10 cm?), but can be absent at all; this shall be taken into consideration
when a diagnosis is made.

The sphenoid sinuses (sinus sphenoidalis) are paired and located in the body
of the sphenoid bone. The size of the sinuses may vary significantly; their vol-
ume amounts to 3—4 cm?®. Each sinus is limited by four walls. A septum bet-
ween the sinuses divides the sinuses into two separate cavities each of which
has its own opening leading to the common nasal meatus (sphenoethmoidal
pocket). Such location of the connection of the sinus favors the outflow of its
secretion to the nasopharynx. The inferior wall of the sinus partly constitutes
the nasopharynx arch and partly constitutes the nasal cavity roof. Normally
this wall consists of spongy tissue and is rather thick. The superior wall is rep-
resented by the inferior surface of the sella turcica; the hypophysis and a part
of the frontal lobe of the brain with olfactory gyri are adjacent to it on the top.
The posterior wall is the thickest and transfers into the basilar part of the oc-
cipital bone. The lateral wall is often thin (1—2 mm), the internal carotid artery
and cavernous sinus are adjacent to it; the oculomotor nerve, the first branch
of the trigeminal nerve, the fourth cranial nerve, and the sixth cranial nerve
pass here.
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Blood supply. The paranasal sinuses, as well as the nasal cavity, are supplied
with blood from the maxillary artery (branch of the external carotid artery)
and ophthalmic artery (branch of the internal carotid artery). The maxillary
artery delivers blood mainly to the maxillary sinuses. The frontal sinus is sup-
plied by the maxillary and ophthalmic arteries; the sphenoid sinus is supplied
by the pterygopalatine artery and from branches of meningeal arteries. The
ethmoidal air cellsare supplied by the lacrimal artery and ethmoidal artery.

The venous system of the sinuses consists of a wide-loop network, espe-
cially well developed in the anastomosis area. Venous blood outflows through
the nasal cavity veins, but branches of the sinus veins have connections with
the orbital veins and cranial cavity veins.

Lymph outflows from the paranasal sinuses mainly through the lymphatic
system of the nasal cavity and is directed towards the submandibular and deep
cervical lymph nodes.

The paranasal sinuses are innervated by the first and second branches of the
trigeminal nerve, as well as from the pterygoid node. From the first branch —
the ophthalmic nerve (n. ophthalmicus) — the anterior and posterior ethmoidal
nerves (n. ethmoidales anterior et posterior) arise which innervate the superior
levels of the nasal cavity and paranasal sinuses. From the second branch — the
maxillary nerve (n. maxillaris) — the infraorbital nerve (n. infraorbitalis) arise
which innervates the middle and inferior levels of the nasal cavity and parana-
sal sinuses.

3.2. NOSE AND PARANASAL SINUSES CLINICAL PHYSIOLOGY

The nose performs the following physiologic functions:
» respiration;

» olfaction;

» protection;

» speech formation.

Respiratory Function

The respiratory function is the main function of the nose. Normally, all in-
haled and exhaled air passes through the nose. At the moment of breathing in,
caused by the negative pressure in the thoracic cavity, the air goes to the both
halves of the nose. The main air stream goes from bottom to top arch-wise in
the common nasal meatus along the middle nasal concha, turns backwards
and downwards, and goes to the direction of the choanae. At the moment of
breathing in some air goes out from the paranasal sinuses and this helps to
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warm up and humidify the inhaled air, as well as favors its partial diffusion
into the olfactory region. At the moment of breathing out, the main amount
of the air passes at the level of the inferior nasal concha; some air goes to the
paranasal sinuses. Arch-shaped path, complex shape, and narrowness of the
intranasal passages significantly impede passing of the air stream, and this has
physiological importance: the air stream pressure on the mucous membrane
participates in the respiratory reflex excitation. In case of mouth breathing,
breathing in becomes less deep, which decreases the amount of oxygen enter-
ing the human body. In such case the negative pressure in the breast becomes
also lowers, which, in its turn, leads to decrease in excursion of the Iungs and
subsequent hypoxia of the body. In addition to that, the outflow of venous
blood from the cranial cavity decreases causing development of multiple path-
ological processes in brain, nervous system, vascular system, hematopoietic
system, and other systems. This is especially dangerous for children.

Protective Function

At the moment of passing through the nose the inhaled air is cleaned,
warmed up, and humidified. Moreover, the protective mechanisms include
sneezing and discharge of mucus.

As a result of irritation caused by cold air entering the nose, the cavernous
vascular spaces experience reflexive expansion and become filled with blood.
The volume of the conchae increases, and the nasal passages, respectively, be-
come narrower. In such conditions, the air stream that passes through the na-
sal cavity becomes finer and touches bigger surface of the mucous membrane,
thus warming up more quickly. The lower the temperature of the ambient air
is, the more evident the warming effect.

In the nasal cavity, the air is humidified by substance which is produced,
as a result of reflex, by mucous glands and goblet cells, made up from lymph
and lacrimal fluid. In 24 hours, about 300 ml of water in the form of vapor is
exhaled from the nasal cavity of an adult; however, this volume depends on the
humidity and temperature of the ambient air, condition of the nose and other
factors.

The air is cleaned in the nose in several ways. Big dust particles are me-
chanically stopped by thick hair in the vestibule of the nose. Smaller particles of
dust, which have passed through the first filter, together with microorganisms,
deposit on the mucous membrane covered with mucous secretion. The mucus
contains lysozyme, lactoferrin, and immunoglobulins, which exhibit antibac-
terial activity. The narrowness of passages favors precipitation of dust. About
40—60% of dust particles and microorganisms of the inhaled air is stopped in
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the nasal mucus and neutralized or removed together with it. Self-cleaning of
the respiratory tract, referred to as mucociliary clearance, is performed by ci-
liated epithelium. The surface of ciliated epithelium cells is covered with mul-
tiple cilia performing oscillatory motion.

Each ciliated cell has from fifty to two hundred 5—8 um long cilia which have
a diameter of 0.15—0.30 um. Each such cilium has its own motion part: the axo-
neme. The cilia beat at a frequency of 6—8 times per second. The motion activity
of the ciliated epithelium cilia provides movement of the nasal secretion includ-
ing dust particles and microorganisms deposited on it towards the nasopharynx.
Extraneous particles, bacteria, and chemical substances, entering the nasal ca-
vity together with the inhaled air stream, stick to the mucus, get broken down
by ferments, and absorbed. Only in the very anterior parts of the nose, at the
anterior borders of the inferior nasal conchae, the mucus flow is directed toward
the entrance of the nose. The total time of the mucus passage from the ante-
rior parts of the nasal cavity to the nasopharynx is 10—20 min. The cilia motion
is influenced by such factors as: temperature, exposure to chemical substances,
change in acidity (pH), contact between the opposite surfaces of the mucous
membrane, pathological processes in the nasal cavity. It is necessary to take into
consideration the fact that any instillation of vasoconstrictors or any other nasal
drops for a long period of time (over 2 weeks) can, along with curative effect,
have negative consequences for the ciliated epithelium function.

Olfactory Function

The olfactory system is a chemical sense organ for which odorous molecules
(odorivectors) represent an adequate stimulus. Odorous substances reach the
olfactory region together with the air at the moment of breathing in through
the nose. The olfactory region (regio olfactorius) begins with a 3—4 mm wide
olfactory cleft (rima olfactorius), which is located between the inferior border
of the middle nasal concha and nasal septum and continues upwards up to the
roof of the nasal cavity. Diffusion of the air into the olfactory region is needed
for odor perception. There are different olfactory theories.

» Chemical theory (Zvaardemaker’s theory). Odorous molecules (odori-
vectors) are absorbed by the liquid that covers cilia of olfactory cells, and,
coming into contact with cilia of these cells, they dissolve in the lipoid
substance. The excitation arisen is transferred along the neuron chain to
the cortical nucleus of the olfactory system.

» Physical theory (Henning’s theory). Various groups of olfactory cells are
excited in response to oscillations of a particular frequency common to a
particular odorivector.
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» Physical-and-chemical theory (Muller’s theory). The olfactory organ

becomes excited thanks to electrochemical energy of odorous substances.

The initial olfactory disturbance can occur when it is associated with da-
mage to receptor cells, pathways, or central parts of the olfactory system; the
secondary olfactory disturbance can occur due to any abnormality of the air
inflow to the olfactory region. In case of inflammations, polyps on the mucous
membrane, and atrophic processes in the nasal cavity, the olfaction suddenly
decreases (hyposmia) and, sometimes absolutely disappears (anosmia). In ad-
dition, perverted sense of smell (cacosmia) can be encountered.

The paranasal sinuses mainly perform speech foramtion and protective
function. Air cells are taking part in Nose and paranasal sinuses formation , so
they — together with the pharynx, larynx, and oral cavity — participate in the
generation of a personal voice tone, performing the resonance function. Small
cavities (ethmoidal air cells, sphenoid sinuses) resonate high pitched sounds,
whereas bigger cavities (maxillary and frontal sinuses) resonate low pitched
sounds. To a certain extent, the location of the soft palate regulates the reso-
nance through separation of the nasopharynx and, therefore, the nasal cavity,
from the middle part of the pharynx and larynx from where the sound goes.
Paralysis or absence of the soft palate is accompanied with rhinolalia aperta;
obturation of the nasopharynx, choanae, or nasal cavity is accompanied with
rhinolalia clausa.

3.3. EXTERNAL NOSE DISEASES

A good surgeon must have an eagle’s eye,
alion’s heart, and a lady’s hand.
Avicenna

Clinical presentation of diseases of the external nose is much similar to pre-
sentation of skin diseases of any other location. The most frequent diseases of
the external nose are presented below including furuncle, erysipelas, sycosis,
and thermal injuries, particular aspects of their clinical presentation, diagnos-
tic methods, and treatment.

Abnormal Nose Development

Abnormalities include the organ development defects associated with the
presence of pathologic mutant gene in the genotype resulting in embryogenesis
disorder.
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