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PREFACTE

A bré@f period of but 50 years, an interval
within the memory of living men, covers our knowledge
of the paranasal sinuses. ihere is still much to be
learned and gained in a study of the sinuses.

Infection and gross disease in one part of the
body is just as important as in another. Pathogenic
bacteria draw no distinctions. 4nd yet, even today,
physicians not only fail to treat s1nusitls, but what
is more devastating, they fail to diagnose it.

The preparatory scientific era has Jjust been
entered in rhinology, and the uncontrolled swing of
blind work, early exaggeration, and clinical devestat-
ion has passed unchecked.
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abolism in the sinus mucous membreanes.
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This mdnuscript is the fruit of two years of
research. Five previcus clinical reports have been
made in colleboretion w1tn Drs F.B.Xigtner and Hoble
Wiley Jones.

Tor more than two years we have observed the
oatholonlcal in all of its verious aspects. 4 wealth
of histcloglcal informstion has acc unulﬁtpa.

Thus little by 1ittle we have stored & fund
of knowledze concerning the basie principles of the
héalthyr reactions and pathological deviations in
the course of sinus inflammations.

Qoncerning sinusitis a mass of opinions has been
accunulating for years Tvery day the problem instead
of becoming simpler bPCOheS more GOmp lexe.

Careful work is found in the German and Italien
Literature, but nowhere in the American Literature 1s
there an account of the histology and pathology of thes
important mucous membranes.

30-874



It seemed to us that the time has arrived to
look at the essential facts in great detail. The
confusions of terpinology and disputes of observers
have lead us to ifflduce photogrephs -- because these
speak a universal language. A

Certain individuals will perhaps think thet it
would have been preferable to have been more analytical
and less documentary, to have confined ourselves to
one phase of the problem, thus arriving &t one con-
clusion or another. :

We are frankly uncertain about many miceroscopic
changes. Having tried to penetrate the meeaning in
thousands of mieroscopic slides, we have observed a
multitude of veriations and a contradiction to any
absolute conclusions.

We marvel in our curiosdéty, how a film of tissue,
of cigarette-paper thinness, holds in its delicate
meshes life and health, struggling to protect the
organism in a multitude of ways-- and finally over-
whelmed by 1ts physical weaknesses, it falls under
the onslaughts of pathogenic bacteria.
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OBSERVATIONS ON THE NORMAL HISTOLOGY OF THE MUCOUS
MEMBRANE LINING THE VARIOUS PARANASAL
SINUSES OF MAN

INTRODUCTION

The recent recognition of chronic simusitis
as e possible foocus of infection has gtimlated ine
terest in the pathology of sinus disease. Questions
now arise concerning the normal histologioal appear-
ance of the musous membrane iining the m‘:.}.;‘-.ary v
frontal, othmoidal, and sphenoidal sinuces. In the
past thg more minute anatomic structure of the mucous
membrane lining these verious paranssal air cavities

of man has received scant attention,.

It has been established that the mucous momb=
rane of the nasal oavity extends into the peranasal
ascessory sinuses, but there is every reason to bee
1%% that it is greatly modified in these rudimentary
u;vitiaa. Zuckerkandl (1) remarked that the muscous
membrene becomes thimnmer as soon a8 it enters the sinus.
Schiefferdecker (2) observed that there are many square
centimeters of sinus mugous membrane that are dévam
of glands. Schaeffer (3), comparing the nagsal res-

piratory with the sinus mucous membrane, states that
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the mucous membrane lining the paranasal sinuses is
muach thinner, contains fewer glands, and does not
sssume the characteristies of an erectile tissue.

Rugani (4) eonsidered the maxillary sinus
mucous membrane more fully developed than either the
frontal, ethmoidal, or sphenoidal mucous membranes.
He observed that the blood vessels and glands are

relatively small and scarse in the latter sinuses.

Cutore (5) in a ocareful study of the mucous
membranes from the mexillary sinuses of man and
domestic animals, observed that the lining from the
antrum of man has a characteristic structure, He
oonsidered the conflicting observations of all the
previous writers and concluded from his studies of
human materkal that glands are present on the medlal
wall where the submucosa is slightly thiecker and
that they become progressively fewer as one proceeds
in any direction from the vicinity of the ostium.

He stained fat and mitachondria in the epithelial
eslls and noted e special broad colummar cell in the
epithelium,

In the dog he found an sxcessive number of
glands and a greater thiclmess of the entire mnéoug
membrane. While human sinus linings are only 0.1
to 0.80 mm, in thickness, those of the dog are from
0.45 to 1,54 mm. Bast (6) presented a valuble
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desoription of the so-galled maxillery sinus of the
dog ahd demonstrated nerves going to the glaends and
epithelium. In the latter he demongtrated special
aehuorr cells. That conclusions drawn from thh moous
membranes in dogs may not apply to human sinuses is &
conceded fact among investigators. The maxillary
mucous membyane in the dog is probably a part of the

respiratory nasal mucoga.

INCIDENCE OF SINUSITIS «-- At the very outset,
we desire to oall attention to the vulnerable character
of the human peranssel sinuses. These rudimentary
strustures appended to the reaﬁ&rutory tract bear a
aloaé'biolagiaal resemblance to the vermiform appendix,
the rudimentary structure of the gastrouinteatinnl
tract. Both the mucosa of the appendix and that of
the perenasal sinus are susceptible to infection.
Appendicitis reflects itself! in gastro-intestinal
disturbances while sinusitis manifests iteelf in
rhinitis and bronehitis.

v Inflammation is axéaedingly common in the
various paranasal sinuses. Carmody (7) states that
there is hardly en infant who has reached the age of
one year without an acute infection in the sinuses.
Persistent infection is favored by the adverse gitunte
ion of the ostla augmented by edematous obstrustion.
Proets (8) atates that once infection sets in and
exude tion occurs, c¢illery action becomes ineffective
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and evacuation beocomes ¢ physicel problem.

The comnon oolds and warious upper respirstory inflom
mtions associsted with noute infectious disenses slweys invelve the
paranusal sinmses end frequently terminete in chronio degeneraxive
chunges so that routine autopsies disclose meuy oases of gross sinuge
itin,.

Pigease of the paremassl muoous membrancs 14 found in eps
progzimmtely fifty n«‘m qf individuels coming to neoropay. In o
series of A0 post mortem exemipations, Fraenkel (B) found only 73 with
negative simunes. Oppikofer {10) found 94 out of 200 cases to have

sinveltis, and Tumis {11) desaribed 47 sasss of sinus desenss (n a zare
fes ¢f 100 neoropsies.

Besause sinus inflemmation is so common nnd subsequent
norphologieal alteration 1s so apt to follew, it is not nccurste 4o
deseribe sinus muoous membrance without o previcus thorcugh elinioal
record. 7This imowledge wen availeble in the study herewith presented,
and our anctomic and histo-pathologie doductions were considered in the
light of & preceeding siiniocsl history snd prolonged pericd of cbser~
wtion.

Ve hwu. srrived at n concept of the normal appearandte of
the sinus muoocus membyanme by the study of, (A} the healthy and,(B) the
pmﬁ disonsed, teking into consideration: (1) the Provious listory
of health or dleeases, {2) the funetional eapacity of the tissue under
obserwmtio, (5) the complete resolutdon of moute inflemmtions, (4)
‘th- olinieal course of inflammatory proceeses, and (6) the subsequent
mroimpioal and Mumueapimx sppoarence of the mucous membrone.

The following demomstrations of the normal histologisal struotures and
in %) X o : , By the
ﬁm&grgrmt n the paramasal sinus smeous mevbranss say meke )



MAPRRIALS AND METEODS

NATERIAL BTUDIED

The present study ia #Huﬂy beced on en extensive sole
leotion of surgiosl spocimens * , wugmented by necropey specimens
ohisled from the akulls of newsborn infents snd healthy adults who
had met sudden death. In this mterisl -'urr possible aspect of
the mnoous membrens in the verious paramess] siouses was cbeorved.
The collection consiste of the complete amucous membrenes of 20 frone
tal, 76 sphenoidal, 68 etimoldsl, snf 612 mixillevy sinuses., There
ave 42 pleces from the nasal wall of the antrmm and 53 speoimens from
the mueous membrane liniag the nesnl cavity and its turbinstes, The
coligotion was starbed in 1984 by Professor R L. Penson of the De=
partmont of Pathology amd F. B. Kiectner, Cliniecal Professor of Olow
laryagology of the Univeraity of (regon Medionl Sohool.
3%16&& TECHNIC EMPLOYED 1K C(ROURIRG SPsCIMERs

The wricus parenasal oavitios were entered in o number
of ways and in general (iehner's approcch was similar to that oute
lined by Sewall {12,13). The sntre were opened through the canime
fosss of the maxille socording to the CeldwelleLue prineiple. (Pig.
1}« The fromtal simuses weve opened by the oxternal operetion. The

¢ The majority of our speoimens ure from patients who heve

been under obssrwation at The Portland Clinie for meny yoars. Some
signiflionnt clinionl feetures were presented in previcus reports, Kiste
ner (14), Kiotner and fememov (15), Somenov and Kistner (16), Jones
and Kfetner (17), and Kistner and Semenov (168). Sech patient wae
thoroughly stadied by rhinoacopia, mediographic, and lsbormtory poee
ceduros prior %o surgical intervention. At the time of opevation, the
exsot status and duration of disemse was kmown. During the operetion,
cultures wore sade from the mmeous mendranes; end baoterin, puthogenis

for experimentel animnle, were freguently foumd in the pathelogle
tisewes,
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The sphencidal and putérior othmolidal sinuses wore usually exposed
through the antrum by the so-called "“trunsantral-sthmosphenoldecbony®s
but when the frontal sinuses were opened, the ethmoidel snd asphene
oidal ouvities were spproached by the so-onlled "frontal egthmosphen=
oiﬁeatn}mut&n s

When the bone 1s removed end the periosteal aspect of
the -xﬁim mucous membrene is exposed, ono may see, assooisted
with respimtion, tembour«like pulsetiona of *he sinus mesbrene ap
it respende o paaiﬁﬁ and negative fluetuations of air pressure
in the entrum,

The surgionl methods of obtaining end menipulsting the
simus specimens merit speciel desoription., Host operators sorape
the mucous membrenes from the bony walls by surettenent, this fore
bids esreful histolegleal study and ie in reality more diffiocult
than sub=periosteal exenteration agcording to Kistnor'e method. The
entive tima membrans 1s removed in one whole plece (Pig, 1), The
mgous membrane of all the sinuses is loosely sttached te the bone
by meana of a few blood vessels, serves, and mmmll strande of cone
nective tissue. The mediel wall of the mexillary sinus e Pused with
the nasal mcosn at one point, the membraneous wall, snd the portion,
inoluding the cstium i¢ sut ocut by a virenlar disspotion, In this
mnner oontact with the infected surfuses of the mmnosa is minisdesed
and en untroumatised, complete speoimen is sesured, An ineisien is
somatines mnde intﬁ the sntrum lining %?or purposer of inspeotion,
This is always on the anterior aspeet. This wns the method emplpyed
in uwﬁng most of the specimens for this study, Oosessionally am
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unepened, wnmnoumted specinon was preserved and seotioned en masse,
LIBORATORY TLOENIC

The lininge were immedistely moumted on cardboard (Fig. B8)
or evarted ocn & ball of cotten (Pig. 8) and then quiekly imeersed in
fixing {iuid, The paper or cottom support preserved the characteristio
fostures of the mucous mesbrane and expedisted the pemetration of the
fixing fluid inte the epithellium,

{Iz orfenting uixnlarzr sinus epesimeny, £t {8 merely
nogsssary to indionte the side from which it wes taken. The central
portion of the flat mount or dome of the cotton mount (Fige. 2 B 8)
is of necossity the posterior wall as oxposed by the anterior ine

oisione Tho medial wall combeins the ostiumy henoe the antero-medial
and antero-latersl quadrnt are recognised. The poriphery of the
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With an extensive sories of ppeoimens, o number of
lsboratory proosdures may be tried, snd in this study we have eme
ployed various methods of seetioning and staining.

ORGEE STUDY == £ mmmber of specimens weyw studied
while still wama, Cillary sotion wees demonstrated by ismersing the
mambrane in normel smline soluticn,

The m jority of gross specimens, howewer, were studw
1od aftor fimation snd hardening. Formelin fixation {10f) retains
the sharaoteristic fors and consistency of » specimen. Cystis cone
teuts are preserved snd the whole is handled with greater ease.

In 100 instances Zenker's {imntion wes used whore Letter micoroscope
10 detail was desived. .

Eagh muonus membrane was mengured and onrefully dese
eribed as it appesred after fixmetion in formmliin. Typiesl avess
wore out from suwoh spetimensg. Thoee membrenss that merited special
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oonsideration were cut into nerrow seriel ribboms 3«4 mm, in width,
and each segment carefully blosked and ocut in werinl sections.

Tissuss were routinely dehydrated in slechol,, sloared
in xylel, or ceder oil, and evbedded in hard pavaffin, The wmpld
esetonesxyiens method we tried and found to give good preparabicas
for pavaffin secticns, FROLEN SECTIONE for fut stains were readily
. made on pethologicelly thickened specimens but proved 4iffisult
with sormally thin membranes. »

HETHODS OF ERAIRING, =~ Jtalining with hemstoxylin and
sogin (lmrrie) geve oxcsliant results for gonerel struactures., lale
1aryts Bosin Methylme=blus was only good for leussaytie infiltwm.
tions, Van Gileson's stnin zeve beautiful results and d¢iffereniinted
the lLmportant commective tissue structures Letter Vhan hemmtozlyn
goain., Yaligert's olasgtiv tissue stain guve good remilis on the sinus
moous membranes. Phosphotungstio scid brought out no notewsrthy
detnil, Eoherlach R wes used to demomatrats iipeid in the spithew
lun, Tre Golgl technic on formslinm meterial, mentioned by Tast,

*

wna tried without aucosun.

QERERAL CUMIENTS

It s beyond the soope of this investigstion o comsider
the anatomio looation end configuration of the werious poranagel
oavities. Sohmeffor (3) hus almeady presented u comprehensive monow
graph goncoming the embryclegy end groas enatomy of the nose and
ite nﬁulww oavities. In this paper we are required to eall attenw
tion to & amlt relaticaship between the peme]l wall eand the perie
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pheral walle of the sinuses.

1 one looks into the warious paranesal cuvities, he
ie impressed by the fast that the wells sre asymmotrical and waris
oble. Generslly ome can recognise a nasal =2ll, (in the aatrum
the medial) and geversl peripheral welle, the posterior, anterior,
superior, inferior, and laternl. Por ell practical purposes we
may oconsider all the walls except the nusal well as being peripherl

innmmuch se they sre distal, 1.0., boyond the namsl wall, In the
mxiliery sinus we shall epeai of thess as the latemal welilsp this
is powsible Deosuse the antrum is of pyramidal shaps with ite base
as the medial walls

Cur cbssrwations lead us t0 dolieve that the maxillavy
ginug maocous mexbrans emiodied 21l the oharsateristiss of the vare
fous other poyanasal sinuses. This cavity differed from the ethe
moddel, sphonoidal, snd frombtail siouses omly om its medisl well,
where it waos more complex owing to ite greater proximity to tho anw
costrl respimtery pssal wuoosss The leternl walls were prograge
sively less developed the farther cme moved from the medinl (nasal)
walle 7The aplienl portion, under the sygomm, was fourd least dovelw
oped end here resanbled the fromtal sinus in many respests. The
frontel sinus muccus membrenes were the most rudimentery of nll the
perenase]) sinuses. Thus 1t rosembled the mest distel portion of
the maxilleory mmecus menbrang.

In order ¢o aveld comfusion in the mind of the reader,
e uﬁm speak of the mexillary first, and only refer to the frontel,
sthuoldnl, and sphensidel mewbrenec ss they differ Trom that of the

maxillary (‘ntrum of Highmore).



HORPHOIOOY OF THE PARANAZAL

WUCUUE MEMBRANEE

« 10

Gtudy of the waricus speciwens listed sbove, led to the

following cbeervations snd comolusions sonserning ¢he proes and mie

evoscople sppedrance of sinws ilnings in health snd disetse: =w

MECROECOFIC OEBERVATIVNSS

Then peeled from the bone, tho normal sinmus membrene ¢
6 thin fllm of pale pinkishegroy muocosa. It resssbies s layor of

noist leng paper in sppesrmnse and reminds cne of e delionte web,

Avound the ostium it appesrs slightly nore robust,

leasurament of seversl hundred specimens gives the fole

lowing informmtiont ==

AREA OF MICRIE HMTMBRANES
Sphamodd cacsevs £ » B8 BGs OB crcsstsansy

romtel cessunes £ » 32 fie QllBle woonprrtnpa
Hl:iiinry ceanse 5 = B2 Ble MMMBe weenrsrese

&  THICKHEES OF MUQOUS EEMBRANEE

Bormel Uaunl
Vardations Mo nurepent
B 1.

Waxillery finue

ivarage 14 53. oms.
. 13 »q. ome.
. S8 8. mDG.

Lommsn
hypearbrophic Ability
Line

Hedinl Well Cel » 1ol vaneor Qof  suvesnsssscnsnses B0
laters) "all Qel = 0sB sosnnn Ol sonssriitssrsnsens B
Frontal S1nus a6 2007 = 0.8 suvaes Da} ssssnanssusevesos Lol
Ethmoldnl ’ e 0.08 = ad LTy 3 3*1 Bavoerenvavesnsen el
Sphonoidsl ® sses D07 » 0,8 essese Lal sesvsessssensesss Sald

¢ felative norml thisckmesses, compuritive tendenoy and degroe
ol pathalogiesl hypertraphy inherant in ssck mnecus mevdhrans, The
entram snecus mewbrane is more likely to wndergo marked thickening.
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From these measurements wo mey conclude that the MANYLLARY
muoous menbrena has the groctest aron end generally is twice 2s
extansive as the sphenolidal muoous membrane. Jt varies e great deel
in sise and Shicknoss. The nasal (medisl) end posterolaters) walle
are oovered by a thicker mucous menbrane then the erbital, alwevlar,
and antoroelsteral idlm This merhrene wey undrvze extrome hyperte
rophy, usually teiple thet found in the stlawidel end sphenoidalis.

The SPRIBCINAL mucous weabrene is less warisbdle then the
frootal wimue in vepesd o area, It i¢ larger than the fromtal, but
usuelly balf the sise of the mexillary mucous merbrave. It 1s slss
thiocker than the frontsl snd ethmoidel cell menbranes, snd stends
seecnd to the maxillasy in el reepects. |

~ The Frontal muooug merbrane is exceedingly verisble in
aren and unusnelly thin, Tven NMypertrophy is less pronoumwed in
this membrene, "o heve ohsorved less pothologic depeneration in
the froantml sinuses and beloive thet resolution takes nlecs with
greater faellity. bBdeme is alweyo pronounceds the membrane shrinks
very rapidly after removal from fta bed,

The ETEHOINAL membrenss ave extremsly variable and may
resemble the frontal, ephencidal or maxi)lary linings. They are
usuelly smaller &n sise,

The EPITHELYAL BURPACE of the normal musons mwsbrane is
enoodh and a,luplsya. no folds, nodulog, nanillae or irregularities
exoopt thoee sgeccleted with undulations of the wdoerlving done.
The PHEIOSTAL SUVPACE il wmoeven and in the sntmum dieplars on the
posterior wall branches of a nerve and artery which enter through
the alveolar canal in the infretemporal (posterior) boney wall,
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EPITHELIUM .

& layer of peovdoestratiled Mliatﬂ! columnny epithe=
ijum covers the muoous mmbranes of all the parenssel cevities.
(Figs, 4,0,% 6). Threo types of cells eppenr in the epitheliums
{1} Baaal i’;oi_ln (2) cilleted soluwmar aelle; (3) Goblet cells. v
By far the most ooneplenous is the oiliated solumer, The bae
s:1l colls are prominent o uscm% of the orderly srrengesent of
their nuolels goblet oells are Mare under normal sonditions and
apperently are nuous ehsnges in the cclumnar cells,
¥ The epithelium wries frem 25 to 60 miora in thickness,
but usuaily &% 1s sbout 36 mlore in height, When it exoeede §O
sdora there 1o every mason to believe that hyperplasia is pres
emnt, The frontal, ethuoldel, and sphenoldel sinuses are lined
by 2 relatively low lying epithelium, In these vavities it pp=
prosches the oilisted cuboidel form and meapures from 26 %o 40
vlers 1n holght, The maxillery sinus epithelium is tsller end
vuries from 50 to 6O miom. By contrast the splthelium of the
respiretory masal muccus membrane i sbout 70 siomm in height,
The height of ginue muoous meabrune eplthelfium rarely exeeeds 100
oiora, Noatumlly, the thicker epithelia hawe a streatiffed cherw
soter with five or six layers of nuolel (Fig. EB),

Under mmx -ndiﬁm ell of the cells ecuposing the
epithelium are atteched to the Desement membrune end the colume
nar eolls extend from their attachment through the entire thicke
noss %0 the surfece of the epithelium: Two or thres rows of nue
elet eppear under normal conditioms (Figs 5)« The Lasal sells
form & deop row of round nuolel arranged in linear order near the
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tesement membrene. /m irregular leyer of oval nuolel situnted
above the bassl eells cometlitutes th- micled of the solumear cells.
Peyond the nuolesr region of the epithelium is the eytoplasnis
border, (Figs, 4 & B). The free oytoplesmic sone terminates in
eiita. This porticm of the epithelivm contains considerable 1ipe
old when stulned by Bchurlech Re The cyteplasm takes u pale hemae
toxylin stain snd during eatarrhel sinusitls chows mucold degenere
ation, The cilie ware frequently destroyed.

QILIATED COLUMNAR CBLLE

%hen fresh surgiea. specimens are immersed in normal
saline tinged with methylens bius, silis ssn be seen repidly bests
ing and sgltsting the fluid. They mesasuve from B to 12 miere in
length ond ariee from the outer thickened subioular horders of the
colummer oslls. According to Chembers and Hemyl (19) 4% ie emly
at this cutfoulsy border that oilisted colls have en nttaciment
with ench other, The injury of one oell osuses swelling and cow
sgulstion of thet oell but doos not extend to the adjoiming sells.

The prozimel portion of the cllisted colummar cell is
parrower than the free end. It is ntteched to the bLessl menibrene
by s tapering extremity or a number of forked tontacles that pass
beteeon the basanl cells.

The bulky end of the cilinted columnar sell ecntains &
considerable quantity of oytoplems ond 46 is in this free oytoe
plasmis border thet mueoid degemeration begine as s oleer pale -
staining mass (Vig.s 57 & 88). The nucleus is owel in form and
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olongetes or widens in aswoeiotion with the changes of the eell.
turing inflassmtion, the auocled of the columay cells arve Mate
tened ond compressed into s« thin epindle form by the swelling and
parenciymtous degeneration of the oells (Fig. 9). Under norml}
conditions the ofllated columnnr cells adhore to the bLesement
mpmbrane but during soute and chronle inflermstions thore is conw
sidorable exfoliation. The colummar cells are the first to aope
arate and brekk awey from the epithelium (Mg, 8}, During puras
lont sinusitis they are replaced by an unciliated cuboidel cell.
Yetoroplesia is prominemt in sinueitis (Pig, 0).
BASAL ¢

The base) {ptellete) celle are low lying irregular ocue
boidal eells, frequently of » pyranidel form, found close to the
bagement membrene (Figs. 4 & 8}, They are firmly attached by e
broad bape end sro seldom dislodged in the desquemations of chroas
1o sinusitis. The pointed free end of the cell lles vedged in be-
tween the colwmar oells end does not reach te the surfece of the
onSthelivm, The eytoplasm is dense end relstively seent, The
nucleus is round, somparatively lerge, and surrounded by s pale
rim of oytoplaem {FPigs. 5§ & 7). Considereble ohromtin {e pree
gent in the mueleus. The basal eells give rise %o intermediate
solly which later a:nlhp- into colummur and gotlet sells,

The Intermediate Celle ere fusiforam and have an owval
nuclens with a spindlewshaped oell body, The eytoplasm eonteine
oonsiderable musinogen secording to Echafer (20) and gives »ige
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to the wuous of goblet eells, From our ocbeserwtions in paranmpal
sinueitie, it would seem “Imt basel oells proliferste repidly and
have oll the potentinlitfes ¢f o prinitive epithelisl oell. Divie
sion oan oeeur in susch & mamer that an srea of total desgusmstion
is repidly regemerated (Fig. 14). GScomobimes cells ore seen sude
dividing so thet they ocome to lie ome nbove the other (Pigs. 12 &
18), Drmech {21) has cheerved this process in the trachesl epie
thelium, Chronte frritetion frequently crentes netaplreie of the
epitheliem in the parenesal sinuses, ;

BORL 1T ORILE
Goblet eslls are distingulshed from the neighboring cells

by the fact that their free onds are olesrer and wore vesigular,
vhile their baenl portions, ocondaining the muslel, are narrow and
~ polnted,

mxes oells indieste pathologic sotivity in the sinng
epithelium, They seldom are sesn under novmal sonditlons, tut foe
arease in direct proportion to the pathologioel notivity. Gobled
oolls ars most abundant in chrenie eatarrhal sinusitis with musold
dizcharge. In the slilergic simusitis of 'ay fever, the entire
spltheliom sun be spon undergoing mucold degensretion into goblat
oells, (Tigs. 7 & 58). Thoss discharge massive gquantitics of mue
eons and gelluler debsdis. Yuooild degeneration of the epithelium
usunlly leswes 8 single layer of Dasal selle cowering the tunies
propric,

Those mmeous seoreting oelle often have an cutline whish
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may be oompared to that of « goblet or chalies (Pig. 7)s but their
mrﬁmxagy sen vary encrmously in different funetiomal stutos se
i result ¢f pressurs from surrounding n}.h {Pig. 21)_. The typie
ui goblet oell is veuslly surroumded by o number of firm coluwmnar
sells that maintain its form, but whon an exbensive ares of epi
thelium is involved, the cytoplagm degenerate into = Mnu mRE,
{rig. 88},

Goblet cells are attaghed %o the Besenmont nanbrane at
their lower and and wxtend through the entire maim;u of the
opithelial layer, The nuclei are aimm st the seme level as
theso of the nelghboring ciliated columnar oells, but s the amount
-~ of m inerenses in the oell, they beocoms distorted and flatbened,

EPITHELIUN OF IHG BIRUCES *BD VAIE BRONCHI

In goneral, it might be seid that the eplthelium of the
:pamail sinuzes huin o sloss resemblance o that of the trashes
snd main bronchd,
IWPERPLASTA ARD WEFAPLALIA

The formation of stratified epithelium 1s olarecteristie
of chronio simusitis (¥ige 12} Young (22) has shown thas hypere
piasis §s the result of epithelirl trausm, &ix or seven layers of
poorly outlined ouboidal vells oan often be seen in ehronic hyper-
pl&stia sinusitis. letaplusis 88 & result of shronio irritation
is obteorved $n the treaches and main bromobi {(Millew-23). mm&x»
tion of oiliated soclusmer cells witbh proliferation ef the ouboidal

oells is due o persietent infestion with vepested eilfsry injury,
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agommlated debris, and inflammtory secretions. Epithelisl hypere
plasie i5 also presant .«:{n vitemin defieiencios ax shom by Dr.
Manville ér the Department of Physivlogy (Mge. 15 & 18), Here
the meohanism is obesoure.

GLARDE
In gemeral, the glends of the sinus momé mexbrane ro«
gomble theso of the respirstory nessl mucous membtrane. They wary,
however, & great deel in appearance and quantity, The glends of
the &imm macous menbrene me relstively few snd their distribue

tion iz lirmdted to certain regions of the sinus (Figs. 20 & 26),
DISTRIRUDIONwwTn the entrom tha slands sre mask shune

¢ uk airmmd the ostium which lies on the medial (nnsel) wall (Fig. €6).

The prosence of the glands in the muoous membrene of the nediel

wnll is constant. By comparison, the glands are more complex in

this region. ‘round the ostium are small cempound tuboealweclar

glends (Pig. 28)., 44 the radiel distance from the ostium is ine

¢ eased, the glands bLeoomme thinner, more sosttered, and simpler

{(Vig. 27)e They are Tound slong the medial margine of the warious

wmlls but never sre as large or numerous as those aromd the oy~

tium, Alveoll are prectiscally ebsemt from the antercwlsterasl,

postero-luternl end lower portions of the musous membranes (Fig. 20).

Those glands ﬂm on the periphery of the gland bearing eres are

usually simple tnbuiu glonde as opposed to the compound glends

of the area around the ostium, In the region opposite the catium,

glands are absent cliugethar.
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In the etimoidal sinuses a fow bLrenched tubulasr glande
ceour (Fig. 10). Glends in the fromtel sinus, however, are ex=
tromely rare and simple. The same ie trus for the ephencidal simus.
slthough our specimens would seem 0 indicote thet glonds are usu-
tlly more numercus in the ethmoide) sinuses, nevertheless, they
ore so inconstant,end simpleythat no definite conolusions cen be
resched. In gemeral, 'Mmm}& b:iwxe tubular glands loscated near
the ostls of the wrious cinuses.

PUSTTICHewThe positicm of the glends in the submueous
stonneetive tlasue is v ristle snd worthy of consideretion, 7he
peind sre uswally doposited in the deeper portion ef the locse
lever of comnectlve thasue (Fig. 28). Olend clucters can frequente
iy be seem lying below the pericsteal leyer of ocompaot comnsotive
tigsue, betweeon the mucous membrene snd the bome (Pig. BE). The
dsep tlvesli nre often harbored in small boney lseunsce or cspecus
deprossions. A large cluster is somotines found to be sprecd une
dar the micous membyane =nd portions of gland alweeli ocen oling
] tt_m bome when the cembrene i¢ peelsd awny from its abtsehnents.
The bulk of the glends, however, lle in the intermediate zone of
sonnenative tissue between the looss and vompret layare. Cystio
dtintation of the giands le ocoman due ©0 the poor mechanieal supw
port afforded by the perinoimer comnsetive tissue (Figs, 1 & 32)
The individual glsad soini are surrounded by ¢ dellioate weab of
gormective tigsue Pibreils and lorge tissue sproes. The complete
glend lobule is usually buried $n the spongy tiesue of the mcous



m},ﬁn

noubrane and ag & mwlﬁ ie fnwolved in the wariety of edentons
and inflammetory dogenerative proscsases that destroy ite walla.
Periglandulsr infiltrative of lewcosytes is evidense of infection
in the glends (Fig. Bd). ,

HORPROLOTY we “mall exoretory dusts arise {rom the gland
alveoli and cpen on the fres surfuoe (Flz. 38) of the esithellum,
The predominating gland seini ers lined by the sercur Gype of sse
ereting cells. Muecous glands, howewsr, are frequmtly sssountered
ond some of the mueous tubules have d-Pinite oresente of Glanussi
or danilunes of Hefdenteln (Pig. 26}, Muoous glands are soneple
cucus in the sllegle membrunes {Pig. 20}, ‘he distance between
the gland elusters and individwml s¢ini wrles in different indie
vidmis. Thewrs are meny simple tubulayr glande und thore is e great
anount of loose connective tissue hetween the tubules of the sinug
EMOOBE

The noini sre relatively fur apart snd are not sz closely
peoked as those of the respiretory nesel mnuooes. The lumem of the
acind 1o quite large. The cells sre pyresidel in shepe. The nue
glel of the serous colls sare round snd placed near the bage of the
soll. Those of the mucous cells are owsl and are compressod
sgainet the Desoment mexbrone of the soinus. The nuolei ere rish
in ochromtin sad take a honvy stein with hemtoxylin, The aytoe
plasm of the serous oelle is gronular and of & uniform density,
Yitechondrie are soon in the glanduler evioplagm, Tho nermnl gee
evetion of the sinus glends iz a thin serous fluid, The oytoplemm



of the muscus vells i» shundent and takes a pale stain, 1% ene
croaches on the lumen of the scinus. "hem a demilime is present,
the seini have an ovold form. | |

The ducts are usmlly short and mum through the meui
meubrane &% an inclined sngle to reash the surface. “omotimes s
long exgoretory duet can be traced for severnl millimebers us it
rang toward the regiom of the ostium. Usually several alveold
lined by seoretory epithelium onn be seen opening Into a vommon
lumen, This empties into an interenlcery duot with low flattensd
euboidal epithelium,. <he intereallsry dusts open inte the main
duet wrioh 4s lined with tall euboldal sells of n pyramidal
shape, Tho cubolidel cells are mollinted ob firet Dut ne they
spproach the surface of the spithelium, they sequire ollis and
| become taller. The terminal portion of the emoretory duct i
lined by oilisted columer epithelium snd sppesrs 42 ba part of
the mrface epithelium. Decp tumnels and submicous pockets of
surface epithelims appoar Lo be related to the glend ducte {rigs.
28 & 29).

CYSTIV DILATAZION == (ystio dilatation of the gubmsaong
glands 2 wery gommon in ohrenic sinusitis, %The presence of cysts
is chersroteristie of previous inflammtory processss. {Vig. ¥4).
Yeore obatrustion of the exorobory dust 4s not sufficient %o csuse
eystie distengion of the glunds: The weak suppert of the perie
glandulay steoma and the pull of the sdemstons distension,sugnsn=
tod by ifnoronmed plandulesr prﬂﬂura)&wr: the foremtion of oysts
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The locse layer of superficial spongy conneotive tigsue ummlly
harbore many cyste (Fig. 69). Those ssind buried in the pompuot
connective tissue seldom booome cystic. Molregor (24) considers
the inflmamtory pamilyeis of the exerwtory duet c¢ilie so sn dme
rortant factor in the formation of ayste. Aa Kistnor and Fomenov
(18} hawve shown, the oyets mey stéaln & large sieejand over 60X
of sinus cysts sre infected,

As each aginus becomes cystie, 4% enoromches on the ade
jecsnt solnd and -mmny the individual aih-teé tubules rupe
ture inte oaoh other (Figs 33). The opithaliel lindng of o ayed
is varfadle. Usually there ure srees devoid of epithelium bore
doring em sreas of flattoned cells whiak greduslly pess over imto
columnar calls and finally one may find muous or goblet cells.

Tt i# probable that the epithelial varistions represent steges in
the oystio evelution. 'ﬁw eonbests of the eysts may contain a
thiek granular Mé nWinl nixed with osnoentrie deposits

of apithelisl debrls and lousooybos.

HIMBANG A PROPEIA

The epithelim {5 separated from the looss ocomnentive
tiseus by & thin nesbrane which iy ususlly continuvous, emmetimes
interrupted, and which has langitudinal nuslel sesttersd here and
there upon 1t (Fig, 4). Inptimtely joined with the underlying
omnective tissune , the Dasement membrone {tself takes the cone

" neetive tissue stains nnd is found %o ccnshat of delicetes bundles

of white Piders intersingled with numerous slestio fibrils, Une
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dor normel conditions (¢ 1s extremwly thin and veb-like, liypere
trophy and byalinisetion, hewewer, in Provently present aud is

a sign of pre-existing inflememmtion (Fig. 20). Byalin hyperirow
phy of the basement membrane is charuoterited by thw appesrence

of & olear howmogensous subepitheiial layer from 1 to 10 miom in
thiokness.(*ig. 22). The elastic fibrile 1ie wder the Mpulinired
gone and apparently do pot partele in the NWypertrophic cshanges.
{(Figs 3¢}y In ehronio hyperplastie sinvaitis, hynlinization iw
proncunced and the basel mexbrane may exoesd 20 sdors in thiolke
nesa; bteing greatest whera repestsd enitholial desguammtion and
inflamention 1o woet prolonged (Fig. 22). Small shennels penee
trate the Myalinlzed neabronss and pass by o devious eourse from
the underlving tlssue spess to the overlying spithelium, Blood
eells and leusooybes in wmrlous processes of dispedesis oan de
soen in these chsanels. In genemal, the besal membdrens of the
purapnssl sinuses resembles that of the naszel snd brepehis]l muweous
menranoy

FONISA PROPRIA

Borphologionlly the tumies propris constitutes the
bulk ond framework of the sinus muoous mebrane, The entire sube
muoouss is made wp of two layers of comnsotive Liwmsue, 2 lovse
subspithelin} and & compuet periostes) (Mg, 38),

it wnries in thiclmess and struoture with snch pereon
tut tends to be oonstant in cheruoter iIn ell the paranessl sinuses
of the same individunl. The locse leyer plays a signifiosnt perd
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in the mesenohymel reactions %o siune Infeotions and sg » rowult
1a profoundly sltered by chronie sinusitis (Pige. 53 %o &7},
PHICENRESE «w Hommlly the entive thiokness of submuocus

sonnective tissue i less than 0.8 »m, in thickness, and often is
less than 0,2 me, on &ll but the medisl ssneot of the antrum, I%
zuy show oonsidereble wurintion in werlous ports of the sawe cave
ity. The lining of the mexillery simuz varies from G,1 wm. %o
1.0 mm., being thinnest on the latersl walls and thick on the mee
dial wall, {Plg, 23). The sphencidal end ebhmoldsl wembranes are
2lightly thinner than the maxillisry and contaln less connective
tissues The frontal te waiformly thin and ity delicete strasturve
resonbles the lsteral wall of the antrum, The normel thioimoas
in these savities wwries fros D.07 may o 0.5 mm, und szeldon le
over 0.8 mm, |

. Bypertrophy of ¢he sutmucous comneoctive tleswe 1l ohaye
seteoriatio of ahronic sinusitis. IMyperbtrophy of the mexillery
muicous membrane commonly attains 5 thistmess uf § willimeters or
more. Hypertrophy of the frontal, sphensidal, and ebhmoldal mme
pous mesbranes tarely exceeds 1.0 mwm,

LOOEE SUPERFICIAL SPOBOT LAYER

yerphologionlly, the subepithelial luyer of sonnaetive
tigsue iz o delionte web-like structure, composed of thin lsmina
whioh joia with eaoh other leaving smell Interetices or spengy
spuges, These areclae intersamunicets throughout the extent of

the mieous meabrang and henoe 4t happens that edematous infilévae
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tion by tlssue filuld or serum mey spread from cwe space Lo another
end invelve s oconsidorstle mese of tissus (Figs 684

In sows individuels the laxines are less tensoecus snd
softer {Fig. 356) so that » seni«fiuid or jeliy~like tissue is prese
oat, i others s more flbrous ~ad herder strusturs is present
(Vige 19). Unis differsnoe is Gue to the faot that there ia o
groster developamant of ground substance in ohe and o better doe
veloponont of {ibers in the other. Gonerally the softer tissues
degenorate into polypi (Fig. 68) when inflameced and the Mirm tlee
sus heoomes more Iibrous (Figs ¢)s  The latter is loea apt to ubw
8«?55 degenaretion. The former is more comron snd is espesially
congpiouous in sllerglie individusla.

The nreclae cre larger sné the tlesue 1o lovsar ae one
paiges desper inte the suwbwmugcusy, but,oventuelly, they Lesome
rgre compast a3 one epprosshes the psrisgteum, Thoy are smll
snd the tissue mors firn lust below the p.ruhauma. The aubepie
thelial condensstion af tiaswe i¢ largsly due to the presence of
plagbio Shesus at this point. {¥g. S?)..‘ The dunger variety, deep
in the :uoous wenbrens,prases by gredus] trensition into the parle
ostenl isyer of comneetive tissue which le more fibrecue (Pig. 39).

The fmetion of the lense areolar luyer of comnective
L8asue Lo intimmtely llinled with looal jm=mmity and is en JmpOre

tant defengive prodess.

PERIOSIEBAL CUMP AT LJAYER

This leyer 48 not & typlosl pericstoun but i: aslled
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the pericstesl luyer because this term dest desorides the geners
al eharaoter and location of the deep oompaat layer af ccmnective
tlssuss 411 the sinus smoous mecbremes have « feirly thiock oot
densation of firm connective tissue neer the bone. Thia leyer is
fused with the overlylag locse tissuo ond oonasists of & demser
nepbrane of white fMbrous tissue as rewealod by the Yen Ulesom
end Weigert preparations, Ihe inner, boney aspect, sometimgs cotie
taine s fer elastio fibrils ond 16 cometimes covered by cubleel
or flattensd oella (Flg. &)« Ossrvionnlly a oluster of giands
can be seem below the perlosteal somnestive tiseue Interposed bee
tween the bene and connedtive tlssue.

The deep layer of oconnootive tissue is passive in its
rospemses %o infootion whorese the upper ivose layer plays on aoe
tiwve part, Ve have seldom seen the degonerative processes ine
volve this deep tlesun.

PATHOLOOZE CHAROES IR LOUGE SCPIRPICYAL SPOBOY LAYER

. The primary claresteristic of the upper loves layer of
connsctive tissue is 1ts tendency to Seccme sxtremely edemutous.
Shere are vast pockots of tissue fluld in chromie inflemsatory
enses. The essentisl dogenerative changee associnted with edems
in connective tissue are sll seen. Degenaration is eommonly due
to inflammetory edoma, sseoolated with subsequent hydrolie offeats
on the conneotive tiseue.

houte edems of the muocus membrane is & spectacular
phenomencn snd is frequently semn. Recently Prosts {25) reported
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the i-ray study of such = proceds assoolated with an allergie
attnok. ¥ithin s few hours the sensitised maxillsry mmoous
mombrene wus cbeerved to inorease in thickness from its usun)
mengurenent (0.1 ma,) to an edematous distension more than &
contimeter in thiclmees. e have observed many sush specimens
sdoroseoplonlivyy they show wide tiseue spaces ountainiug an enore
wous smount of fluld (Pig. 38). The spithelium is wrinkled end
folded duo %0 shrinking of the inver surfase by expansion of the
maocus manbrene in o olosed suvity. These folds give rige to

polypi in those individuals who have the softer type of lovse

Another characteristio of the loote loyer io i¢s temw
dengy to harbor s1l the d generative changes assoeiated with
chronie elsusitis. In thia loyer we seo the dense infilitration
of purulent sinusitis {Fig. 3¢ & 39) and the mymomatous degen-
gration of the polypoid type of sinusitis, Glend eyets snd wesow
thelinl cysts eppesr here.

| That destruction of the comnective tissue cells Sakes
place in simueltis is evident in the sootions ‘-harm the rupture
of strande sppears snd a2 proliferative sotivity of the fined
tissue oelis follows. /reas of sctive fibrosis sre olften seen
{Pi:s 66)s During scute inflarsmtion nltered connective tise
sue cells seem to be undergolag s transiticmal stage frem the
fixed tiseue type to the free type.

vaxiwow {26) considers the momooytes to hawve thelr orie

gin in s wultipotential cell which is pressnt in ccnnective tigw
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Mononuolenr leuscoytes from the connestive tiasue, the
sowoalled lerge meerephagey)appenr as irragularly round or ewl
pells with wingle essentrically pleced curved or Indented ruelef,
The young ecmneetive tisue osils sre lorge °nd dlstinet, usuels
iv appearing to be spindle sheped but neot infrequemtly baing
branobed or stellste in forme Thelr suclel areround or owl,
but cocas'anelly e {rregularly indemted. with the hommtoxylim
staln thelr oytoplass 29quires s feint blulsh timt and in gems
erel shows no strusture other them & falnt retleulus, ‘weh selle
are not iafrequently seen 1o ‘he provess of indirest division and
witotis Mgures am not fares

e endothelisl -ells of the blood vessele in these
srcoler tiesues wore sometismes satively sultiplying. ‘uah endow
thelie]l oslie often beoome rounded up so thut thay project into
the lunen of the wessels

Proiongstions of conneotive tismue blood yessels, lyme
phatics, oto, pass into the bone and eomstines osn truvel th rough
the entire thickoses of the sphencidul well and come %o rest
egainet the dure mater ao showm by Tumer (27).

Lysphatie chaspels muify and form a rich plexue in the
deerer portions of the tunios propris. They are seen sscompaDye
‘g the blood vessels snd uppesr relatively large on the nhael
wvall of the antrume Ilsevhere there are smller vossels, ‘ndre
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(28) in sn injectlon study of the lymphuties inpwo ohildren des-
eritos nn extraserdinarily fine network in the sphenoidal end
ethmoddal sinuses and belleves these thin vessels penetmte the
bomey wells €0 dvein into the peremeningeal spaces. OSrumweld (29)
injeoted the antrum of 2 man and consluded that the lymphaties
of 21l the paremassl sinuses cormumionte with each other thm &
plexus of chennels in the nasal mucous membrene, Yullin and
nyder (30) demonstrate the fumotiomel srurse of lymphetie dmine
age frem the accessory ainuses and eonelude that o system of |
ramifying lymphatice ‘oims the parenasel sinuses so that infecw
tion {n one mey spread to the others. They slso observe draline
sge into the paremeningonl speces.

flousitie 1s sesocinted with &Mul Prmphadenitis
and thers is suffisient post=sorten evidence to show that infee=
tioms in the frontsl, sitmoidal, and sphencidel membrencs metase
tagize to the padgmm apaoes with serious intrmomnial cone
sequences. In view of the multiplicity of cevobral end pulmomary
awuntimi asgools ted with sinmusitis, Mullin's and Yyder's an=
perimental considerstions of lymphatic dreinage ere signifioant.

LYMPHATRC TIBSUE

Lymphatis tissue in never seen in o healthy sinus mu=
sous membrane, Vhen present, it i¢ & manifestation of an infece
tioue or toxie procens.

is far as we huve beon able to determine, this is the
first tine that lymphoid folllolee have been deseribed in the



o 20 »

macous membrenes o the paranmsel sinvegs. These strustures sre
seon in sptﬁlms from outspoken clinieal onses of subncute end
shromie sinusitis with marked histopathologle inflemmetery nee
tivity., lany are from sllergio pstients, OGome show a chromis
pyogenic and others a shromle hyperplastic micous membrene.
S The lymphetic nodules are generelly found in the loovee
leyer of connective tiscue; more often in the depths of the tunies
propria thes in the upper layers end ocensionally in juxtepositiom
to the periosteal layer (Fig. 4}. 'The prineiple morsholegieal
variety presente & solitary folliecle with a 1ipht center surrown-
dod by & dark morginsl rim of e¢ells (Fig. 40).
The light center céui.stn of pale celle of equel sice
and @ dinmeter sbout double the sise of smmll lymphooytes. The
puslel are irregulear in forn end oontain nucleoll, karyokinetie
figures, end a pale staining basophilic protoplesm. The centers
vary in size and in some specimens are abaent. There iz & clear
demnroation between the light centrel zome and the heavy merginel
/ gone in meny specimens. In bﬁhera e grodunl trensition is seesn
(Pig. 44),

| The derk marginal some mppeers as & well defined ring
around the cemtral psle ares. Scmetimes o mrm&v rim of lymphow
eytes san be awri and at others a preponderant ma—latiﬂh of
marg'nel celln.ﬂth no definite peripheranl boundaries mppears.
Oooaslonnlly, only = few lymphoid pells form around the central
pale aren {Fig. 48).

Plagmn cells and essinophile in semesntric g uruigny
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armagenent somotimes augment the mnphi&i aooumalation of
oells around the lymphold nodules. Dafinite arterioles end cepe
illariss seus to epprosch these lymphold follioles. (Fig. 48).
ot infrequently the perivasonlar lyvephatios sve seen fillsd with
lymphooytes (Pig. 41).

Reoently Thrich (31} investigated pesudoesssondary
lymph nodules, Flemming'e secondary nodules (gewmine) centers),
ond transitinm forme of lymphetic tissne, His stndies lead him
to beliewe that interstitial sooumiations of lvephoeyies, pleasm
colle, and in extreme oneen, rwhbiculomsndothelinl ocells, aan be
regnrded as primary renctions of the erganiem €0 beoteris and
their products (52).

e are not prepored to say whether or net the struce
tures ocbuerved in cur sections are germinel cembers, bubt we sre
cortain that they appeer na & oomseuenss of infestion snd ine
flammtion in the sinuses. There is every resson to beliave that
a loanl proliferstion of lymphoeytes end plaswe eells ecours in
the membranes of chronio sinusitde, Swigration of these eells
through the vlood veosel walle 48 vare in the pressnce of o res
lative tiesus lymphooytosts with astive weutophilie diapedesis.

LEDCCCYIIC INFILIRAZIONS
hormally the sucous monbrane is not inwadod by leusytio
olemante, There say be an oosusional lympheeybe 4in the loose

layer of conneetive tisvus but move then eight or ten cslls per
squars nillimeter under low power ie ebnormel, Iafi{ltretion in
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the sinus musous membranes is %0 bo sonsidered o mnifestation
of ;.nﬂmm-m and the same histopathologie eriteria apply to
the sinuees the® apply to the lunge and bronehi.

finueitis $o clamoterized by plasem cellg snd Iynohow
aytes in ull types of infaotion, Polymorphomuclesr neutrophils
inoreage in the purulent orses, Foginophilis granulocytes pre-
dominede in nllergic onges and are commen in nemespecific chronie
sinusitie, usually hyperplastie, 111 deusneytic sceumletims
are most dense in the subeepitheiiel reglon snd progressivély less
denae in the deeper urene of the wucsous mesbrane. The pericsteunm
is veldom infiitrated., Nmigretion ef meutrophils through the
epitheiium creates pus. Mlasms celle and lymphocytes also emie
.grate but not Am es greet n flow ns the neutrophile. Sesinopuilic
exudation corurs in the gsovere allergic speeimens. Periglandunlar
infiltration ¢ evidence of deep sented glenduler infection und
is very commem, Thie type of infeotion &¢ wmuovally resistitive
to ordinary conserv:-tive sinus trestmont ag shown by Kistner and

temenov (18},

BL00D VBSSRLE
The sinue muoous membrane 1o not ss rich in blecd vese

sels as that of the nesel cavity. Capillery nets are eoem most
comsenly in the superficial portion of the muoocus membreng, larger
srtericles and venules are found in greater frogusney in the deeper
portion of the tunics proprias here they ramify to & large extent.

ilorosoppioal sootions from & sinus mucous mesbrene
always show an organised syb Sem of arterial brunching. (ne can
divide the wessels into throe layers.
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The three weeoular orders are as follows

i, Periosteal irteries, Lotwoem the Done and micous~
movbrens, entoring the latter et o slant and repidly peassing threugh
the perioseal layer %o the intermediate layer of commective tise
me. They wre never seon entoring the mueous membrane at right
sngles. Those vesssls sre falrly lerge.

2. Imtermediate “rterioles, remifying juet above the
periostonl layer in s definite mnner and showing a clenrwcut
tendenay o form o wsoular plexise beneath the lovse layer of
oconnective tiesue. OSomybimes sppearing as erectile tigsue
channels on the medial wall of the antrua dut nover on the
letorsl wallo, ( Pige. 4, 46-42)

8. Cupillary Cireulstion, offvhoote of the imtorw
madiate layer of dlood wessels, ranmifying throughout the sinue
mmﬂm-m-mmmwmwmw

show definite arseriosslorotis Semdemeies i youg svbjecter  Mids
m :::‘:m relstion o the conception of infectious arterioc.
HESYE SWPLY

Tie have slreeady referred te s lnrge nmorve thet entears
wweaMIuminrﬁum This trunk 19 large
mevmummm« Vhen the lining
is beoing withdresm from the cavity, the nerve can be stretohed
for sovoral sentimwbers before it breaks., IGs ramifications
have besn obsorved in the doaper layars of the mucous membrans
but our atbempts to staln the tercdmatiens have been umsucosssful,
ochiafly due %o tecinical inemporience. Various investigators
have studied the nerves in experimental enimnle, As eerly es
zm.mmggzbnmmmmummmmm
siousss, Calamida (34) leter demonstreted smell ganglis and

trunics ranifyying 4o the submmoocus eonnective tissue of the
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various parsmasel sinueoe o As reveeled by the Golgl tecimie,

in the dog, hey sosn ¢o form a plerus jusrt beneath ¢the epithelium,
Somp fibres wore traced acoospaning blood veassls, others were |
found independont of blood vestels, Branches were given off %o
the glands and formed @ basket or notwork of fibrils arvound the
aolnd and duots., Other branches reeched the epithelium end

gave off fibils thet penstrated the mmoous meedbwene and termdimated
in the epithelfal coble, Bast ( 6 ) das differentiated two
types of celle in the epithelium of dogs antre and balieved that
thoy hawe an &m‘ ;m't{ in the sensory fumotion of the sinus,
The first of theso oolls we nmaid«n:l an ordinary olfestory

sell beceuse of ite strmocture, position end nerve sonneations The
sosond type takes the Golgh nerve stain end &5 a trosd eel) with -
transhed prosenses. I has intinate nervs w:lma. Tast
sonoluded that sells of the latter typs may Lo regarded s sene
sory end Orgent.

REOENSRATION OF TAE NUCOUS MMBRANR eve THE GHARACTER OF ZWB

The post operetive hesling end replscement of tissue
in the sinuses hea bean cbearved slinfoally but only ome oese had
baen studisd histologieally by Témnderf {34) nrios to our report,
Variadble post operntive results hewo heen obtained. In gome onmew
. the now Mning is thiek and in Others 4t 1s thin. It always cone
sists of sosr tlasus and ouly resssibles the originel lining in e
genoral ﬂ. Te ahall sttempt o present the importent fontures

of the repaired linings m-wr&iug to the maner of epsration,
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Our obgservations in repair and regeneration are
based on tissues secured from 15 individuals: 7 cases
reoperated after apprevious Caldwell-Luc operation had
been done, 6 biopsies obtained from antra through the
counter opening, 1 specimen from en antrum through a
large permanent opening in the canine fossa, &nd 1 from
en healed ethmoidal sinus. In general we have found -
that a biopsy specimen gives meager information. Con-
clusive evidence was only obtained from the reoperated
cases where the whole megenerated lining was removed
and & complete series of sections made.

On casual inspection the regenerated sinus lining
geems to resemble the normal mucous membrane originally
present but on microscopical analysis with Weigert's,

Ven Geison's and Mallory's stains shades of difference
appear. The new formed submucose is true scar tissue.

That the histologic findings in healed sinuses will
vary according to the type of operation or the thorogh-
ness of exenteration is manifested by an analysis and
comparison of the tissues we have removed. For instance,
in reoperated cases in which we know that the first
operation was not thorough, we have found fragments of
the original mucous membrane still attached to the bone
or merged with the surrounding scar tissue. Tonndorf (35)
made the same observation in a case that came to autopsy
four weeks after a Caldwell-Luc operation in w hich cur-
retage was employed. As we have already shown, it is
possible for clusters of subperiosteal glands to remain
and eling to the bone even after radical exenteration -=-
these may then appear in the scar after repair.

We beleive that the Schméiderian nasal mucous memb-
rene plays an important part in the regeneration of tissue
in the paranasal cavities. It is of particular significance
as a source of the epithelium that will cover the scar.

When the source of the new epithelium is in the nose
it will be found that the regenerated sinus epithelium
retains to some extent the character of nasal epithelium.
But where there is a possibility of epithelium extending
in from some other sources, such as the buscal cavity, it
will be found that the new epithelium has the character
of stratfied squamous epithelium. ,

When fragments of sinus epithelium remain in the
cavity we find an actual regeneration from these cellse.

In all events the new epithelium is subject to the variatim
of pathologic hyperplasia or atrophy.

The spread of nasal epithelium into the granulatlng

sinus is fairly constant. In sections made from the
medial half of the operated sinus cases we often find the
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charactoristic strusture of nueal mucous membrane, e hlllm
that this §s mapal muoous membrane tivnsplanted inte the antrum
either intentlomally or socidentealiy: Tor ite echamateristic
apnesyance dienppesrs ebruptly when we resoh the new formed tis~
sues lining the rest of the savity.

Exsndnntion of the tissuss st the opming in the cnnine
fosen In recperated ouses, where we oould be sure the originnl
mysous membranes had beon destroyed, hes akmy& shown a donse
soar covered with & wwprlsble cuboidsl or solummme epithelius cnd
& oomplete sbaence of glands.

Appreximately one square ocontiuveber wes eub from the
nasel »ull of the andrum in the usunl glandbearing vortion of the
muoous mesbrane. “our months later the honled ares with seme ade
jagent meubyans was resoved. Nigroscopic szesotiome show o layer of
silinted colummey posudpestretified opithelium resting on white

fibrous soxr tissus, No submucous glasnds are found.

REFAIR OF A LARGE JJEA  (Fig. ¢%.)
rbout one-third of the muweour membrone was renoved from

2 onses. Two years leter the sinuses weve mnhﬁvmd the one
tire sntram lining removed. 'ieroscopic seotions show the origine
a2l portion of the menbrene containing thonormsl histologle struos
ture as followe: (1) 2 leywr of poendo-stmtified olilinted colume
myr opithelium; (2) a superfielal spongy layer of sveclar comnec=

tive tisaue with lorge tissne epnoes; (3) tubo-elveslor mucous
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‘and serous glands in the layer of loose comnective tissues (4) en
orderly errangement of branching arteries and aéteriolaa in def-
inite layers; (6) e definite periosteal layer of compact connece
tive tissue. While the repsired portion of the lining econsists

of a thiek mass of fibroug sear tisave, covered for the most part
by an indifferent layer of cubicsl epithelium whiech is stratified
in szome areas and entirely absent inzath@rﬁ,’&n irregular vagoue
lapisation of sear tissue ig present, The usual histological
structure of antrum mucous membrene is eatirely absent. No glande

are seen., Ho loose arsaler tissue with large tisews spnces is

seen (Fig. 68).

BPETHELIZATION PROM THE WACAL MUCOUS MEMBR NB

After complete subperiosteal exenteration of the lining
through the canine fossa & counter-opening is made in the nesal
w1l of the snbrum o permit drainage, 4 flap of nesel muoocus
membrene sever:zl millimeters in width ie ususlly brought into the
entrum to cover the floor of the counter-opening. Iwo cases wers
examined, one 8 monthe and the second 18 momths efter the primary
operations Repalr produced a great denl of bony thickening in
the wells of the sinuses. Vheress the original entrum lining is
casily peeled from the bome, the mew lining dis only torr awsy with
difficulty. Bpleules of bone sre found imbedded in the mear tis-~
sus of the new lining. The healed entrum is lined by ¢ thick,
dense, firm leyer of senr tissue covered by stratified columnsr
epitheliums The normal entral membrene contsine only a few glands

en the nesal well, but the membrenes obtained after repair with
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the @.nl flap oontuin meny mOre muocus and serous gltnﬂs‘ﬂnu
the original lining. The glands nre derived from the nuenl flep
end arp burded in the Mim gsoar tisswe, The white ﬁhmn soay
tisoue oontains Mbroblesis in the superfisial portion, sad densge
vy gtrinds desper in the lining. There 1s ne loose areclar
oonnective tiseve.

Peosntly, taselton and Welregor {85),working on 3 doge
suretted portions of the musons membrone Mrom the recess in the
Imﬂ& onvity nnd obssrved ecomplete epithsliel regonermtion in one

dog at * wonthe end glend regensretion in snother dog ut § menths.

TATIOE PRON SUE ARAL HOAONE MEwen e
A% b . oW Nl s R aidh LY NI e F b - HEEW

iy one eame, ofter subeperiosteal exenteraiion, the
opening through th- cutiine fosan wng kept patent. Af%er 7 monthe
the antrum was lined with o firp mewbreone composed of stratified
souenoug epitheliwe, his lining is simllar ¢o that of the ore}l
anvity Prom whish (¢ was derived,

Vo are nob eortain that the now tissue s botber Shem
tho old original micous mesbrane/ Ve boleive thet the rulimentery
strusture and loose charsoter of the usual sinus muocous mesbrans
corbainly offers bacterisl harbors. The glanduler infectien, the
tiesue apate oysts, the thdn commective Gissus, the resdy shbeorp-
ﬁuﬁihwiﬂmb&.mﬁﬁ%“mﬂumm
woeinesses that are sltered by Subperfostesl Dissestinn, vhen
211 the infected tissue i removed, Kepair f» & remarimble
phenomencn, Somstines buns repldboes the mmbire simus cavity,
Bothirg could be move desirsdle. © o Lo



EUNMARY
1. The pureanssa) sinue mucous membranes heve & charsctoriotic
anreRMmnee mdA eannot be considered the came ap the nessl mmesse,
£, In generel, all the muoous membrenes of the wrioue paree
arenl sinugos eve similer. The mediel (nsgel) well of the sntrum
s woll developed and g unigue 4n thie respoet. The Pfrontsl snéd v
sphenoidel simug Mnr&om sre lonet Aeveloped and vnupsemlly thine

lypartrophr L0 ovidenss of pnthologle sotivity.

THICEHESE O MUCGUL MIMBRAURS
Py

Em &1
Veriations lion surement
, ety Iite
Vexlilery | nus:
Bodinl ¥83) seneces OsF w L0 sxesnnsnass Dl
Letearel Vall cussnes Qul = D8 wesonvaunsse UDeall
Trontal BInus  sesrcens D007 = (W3 sessennense ol
Ethmolds]l £inus eorsnve Do0B « Oud cusnsonsane Usl
Eahﬂﬂﬁiﬁﬁl Eirun susRE D QWY = Oub BB IRONH DD Q;i

8., Sinusitis ie swosedingly comrens the inflsmsmiory clanges of

thas wsucous membrunes should be recctgnived, Leucoeyiils inliltration
i ng sbnowvesl here a5 44 is 4dn the luags.

&, A single layer of vilicted cblvewar (pseudeosctratified) soitiew
lun covers the surfece of themesbrene. It measures from DE-50 aiere
in thlokness. Morse then € levers of nuolel is evidence of pathologle
trritasion with subse uent hyperplosic,

Bs The bagal eellis are the embryonic mncesters of the ollisted
selis and are eotive In regenemticn and hyperplusis,

8y he oybepleosmis sone, distal bvorders, of the columnar gells
sontain ilpolids. This sy Ymve some relation to the aholesterin aryw

sbals woshed from sinuses with chrenle dogenerstion,
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7+ Goblet cells are mere, In 1-rge numbers they indleste éatarrhal
ainusitis. |

8s & lesement membrune 1s present; wormelly 1t 1s wory thin. fter
infleamation, it becowes hynlinized ond this ohunge iz evidence of
previous disesso in & thin wembrane that may be normal.

Ys Glands sre reres in the maxillery siome they eccur on the uul
wanlls In the sphencidnl nnd ethmoldel aimua they may be seon neay
the ostia: in the fromBal sinuses they are often absent,

10 Oyetlo degeneration and infeetion of the plands denctes pathe
ologle degemerntion and 1a favored by the weakaes: of the surrounding
stroms.

11. Glands may ovour in bony leowsse, under the periosteum, Such
Glands are difficult to remove surgically.

32, The tunlea prepria coneists of two leyers: an uoper losse sveslor:
tiesue, ond a deep oumpuot tisswe, Tho loose thesue is #tmly £ 0w
tive during inflawration. The deep lsyer ressubles + periosteum,

i3« Lymphatio nodules, probatly the sowoslled geminal centers of
Flemming, are desoribed in the looze layer. These lymobatie nodules
are abaont undor novmal conditions,

14, Blood wessels suerge thmugh the bamy walls snd subdivide into
three plexuses lying in the plene of the muoous menbrene. The pabas
nestl sirus muccus membranes have s melatively peor bleod munoly.

18. 4in sbundent norve supply resches the maoous »ewbrane,

10, Post operntive repalr does not regenermts the ald 1ining bud

substitutes fir soar tissus cowered withk ¢ warisble anithelium,
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llaech new bone is deposited on the surrounding walls.

17. The present study is based on 851 specimens and
in such a large series considerable histological
variation is noted. Individuals tend to vary in the

type of mucous membranes that they carry.

18« The normal appearance of a sinus mucous membrane
was determined by a study of the healthy mucosa. By
analysis of proven pathological tissues it was possible

to define the normal limits and variations.

19. The normal sinus mucous membrane is thin, has a
smooth epithelial surface, contains no leucocytic infil-
trations, no edema, no gland cysts and no hyperplastic

or rmueoid changes in the epithelium.

20. An occassional ethmoidal ethmoidal eell is found
in the’concha and although these are called "cystic

turbinates™ they are usually normel ethmoidal sinuses.
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SURGICAL AND TECHHICAL PROCEDURES
One Plate

nm.: 1’ 2’ * 3'

DIAGRAM F TYPICAL SINUS MUCOUS
MEMBRANE STRUC TURES.

One Plate.
Figure : # ¢ .



Figure 1.

The whole antrum mucous membrane is
removed intact through the opening in the
canine fossa of the maxilla. The plate
shows the periosteal aspect of the mugous
membrane with the periosteal vessels as
they appesr rumning bvetween the membrane
and bone; the epithelial surface of the
lining 18 within, Vhen 1t 1s neceasary
to inspect the epithelial aspect, an ineision
is made through the anterior por%ion of the
membrane a& shown.

All the membrenes of the various para-
nasal cavities ere removed in the same
manner. After the antrum has bean entered
through the Caldwell-Lue opening, it is
possible to go through the counter-opening
in the nasal wall of the antrum end reach
the sphenoidal and posterior ethmoidal
sinuses, "Transantral-ethmosphenoidectomy."

Figure 2.

Thin sinus membranes sre immediatly
spread with the epithelial surface upward.
Vhen fresh, the tissues adhere to the card-
board with sufficient strength to permit
rapid fization and hardening in the fixing
fluida without distortion.

Pigure 3.

Here the mucous membrane is shown
inverted on cotton and thus the various
ridges, orests, folds, cyts, ete. are held
in place during fixation end herdening.

In this manner ppacimens are mounted
and fixed with a minimmm of handl .
Another rapid and simple method is drop
the entire specimen (unopened) inte the
fixing fluid, this procedure is not used
very often because most specimens are opened
in the surgery for inspection,
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Plgure 4.
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DIAGRAMMATIC BTRUCYTURE QF SINUS
MUCOUS MFMBRANES

EPITHRLIUM:

Rare goblet cell;

Basement membrane, thin on righty
Cilie of oiliated columer celils;
Oval nucleil of oiliated cells;
Round nuclel of basal stellate cells;
Free oytoplaamic border of epithelium

contains no nuoclelg -
@lands, submucous tuboe-albedlar;
Gland ducts near surface}

Channels in hypertrophied portion
of basement mewbranej '

TUNICA PROPRIA:
Intermediate zone of connective

tisaue;
Compact ﬁ&ug layuri
Loose subepithelial layer;

Periosteal condensation of compact
layor connective tissue;

Blood vessels;
Bone of sinus wall.



EPITHELIAL STRUCTURE

Eight Plates and

Seventean Pigures,

Figures:
8, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17& 1&‘ 19' 3‘3, 21, 220



ﬂmﬁt

Maxillary sinus micous membrene show
the character of the ciliated colurmar: cellsej
8il., cllia; ¥.C.B., free uytnghum&c border
R.N., round nuelel of basal vells under the
Uellep, oval nuclel of the coluxmar cells.

Hote the elear rim of ﬂto;wlnm around
the masieun of the basal cell,

Attention is directed toward the loovse
layer of subepithelial connective tissue, L.L.;
a minute capillery, Cap.; snd the thin compact
layer of connective tissue, C.L.

Hematoxylin«Eoain stain, 320 X
G4vrl 10 yra.

Pigwre 6.

Sphenoidal sinus puoous membrane showing
the same epithelial structure. Round nuolel
of the stellate basal cells are marked-R.;
the oval nuclei of the cilisted colummar cells
are narked-0,j and the c¢ilis are marked.l,

Hote the heavy basement meubrenc- B.ag
this menbrane is from a man 650 years old who
had had a puralent caterrh for meny yeurs
which eventually cleared upy = clinically
absolutely negative us far ss his sinuses '
wore conece é denled having e cold for the
lest three or four yearsj histologloally all
the elinuses had porfect epithelium, the
neubranes were thick and fibrous -- no loose
sonnective tiszue, s01id fibrous tisme every-
where, spoliial staine confirm H & E stain,

Hierophot ph of Van Cleson's Stain,
320 X. Cilias owasure P micra.
Epithelium is 36 miera thick.






Plgure 7.

Epithelium during inflammatory reaction
showing the massive accumlation of desquammted
oells, mucous membrane edema, goblet wells
and their by products. Catarrbal Sinusitis.

Note the typical GOBLET CELL « G.Ce;
with its cheracteristic beaker form. Obperve
the hopeless task of the cilis - diminished
in numbers and overwhelmed by debris.

Basel coll nucleus with ite pale rim of
eytoplesm -« B.; Oval nucleus of columar cell
is marked - 0.3 vmous in cell - M.; capiliary
is marked -C.; end cilla are so labeled.

Epithelial debris is prominent , A
similar but more active catarrhal sinusitis
is seen in Figure 60; snd e mass of mucus
the result of profound mucoid degenerstion
is seen in Filgure 68, Goblet cells in large
numbers are evidence of pathology.

Plgure 8.

£imple exfoliation of ciliated columnar
gells contrested with the ebove, Note that
the mucus secretion of these cells 1s thin
and that there are no goblet cells. UGoblet
cells were extrememly rare in this specimen
end apparently the mucous must come from elither
glands or eilisted colummar cell secretion.

i & E preparntions,






mgt

Hetoroplesia of epithelium in purulent
sinusitis. The oval nuclel are compressed
into & spindle-form shape Ly the edeus amd

soagulation necorosis of adjoining cells,

liote the vesicular nuclei with the t (g)
change in chromatin and protoplasnic stal ¢
The arrows point to polymerphonuclesr neutrophile
emigrating through the epithellum to produce
pug. Gille ure degeneruted {(4) snd the entire
apithelium is greatly hypertrophied. It weasures
over 100 micra in height,

See Figures €1 snd €2 from this same
epecimsn showing the generd appearance of a
purulent sinusitls the incidental opithelial
degenoration. The basel gells m to be
proliferating rapldly in all sectiona.

In 62 there ave no cilia. Heteroplasis

is wost prominent on the surface of papillee
and less mavked in the crypte.

H&E Stain.






Filgure 10.

Becteris on the surface of an infected
ginue, This is n specimen of go-celled
non-purulent sinusitis, It will be seen
that the epithelium 1s hyperplestic aend
hes lost its normal orderly sppearance.
¢1lia sre deffliclaunt,

Lpithelial thickness ig indicated
by the bracket E.; surface mucus is
marked &.mq; and the becteria are B.;
Froliferating fibroblaste - P,

Cultural report was Streptococcus of
the hemolytic greenigh variety.

Pigure 1l.

Staphlococel in purulsnt sinusitis,
The surface epithelium is completely
disorgunized,

This patient dled after 10 months

- of 1llness with an empyema of the pphem oidsl
sinus with subsequent osteomyelits, meningitls,
cavernoug sinus thrombosis, ete,.

The becteria were stained in all the
tissues sround the besge of the brein. Cultures
gave staphlococcus albus throughout,.

Lillie's Modiflcstion of the Gram
ftaln, o=~ Safranin Counter Ctain.
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Plgure 13,

lw:ﬂnh $0 maltilayered cuboldal
gells without eilim. This type of epithelial

ration is common is chronic pimusitis,
Contrabt this eplithelium with that in Plgure 8.

Note the menger clunges in the connective
tissue, there is a moderate odam und Infiltretion
of leucocytes. The peristeal layer is designated
by the letter P; the umierlying bone is B.

BE& E.os ;Dﬁﬂﬂlﬂlfim’
Hitric rtoid Poruamlin,

Filgure 13

Note the basal cells spparently giving
rize to overlying cuboldal celle that are
sogquiraing oilia. This slec is observed
in the trachea. {(Drasch)

Apology -~ This figure 1s only present
in two coples of this ma., The negative ls
apparently loet,









Pigure 14.

Regeneration of epithelivm. 4 layer
of typleal psendoe-stratified cilisted columar
epithelium is seem 8t the point warked, C, Col.;
end @ lsyer of cuboidal cells is seen at, F.e.;
between the two there is an intérmedlate type
of oilliated ouboldel aallltnm approach the
columar in form, marked, C.oub. The undere
lying connective tissue it, G <

Mallory's Methylene-Blue & Eosin Stein,.
Magification 320X,



Pigure 15

Hyperplasie in the negel epithelium of
& white rat from DUr. Maville's series of Vitamin A
deficient snimeis, This hyperplasia 1s similsr
to that seen in Figure 22,

Figure 16

Low columar cilisted epithsllum from
same animal, Note the contrest in height
betweon the two.

There is no infsction pressent, No
lepcocytic infilltration or edema ls seen.
This onimal died immediately after birth.
Infection 1s defingtely ruled out as the
cause of this hyperplesia,



Figures 17, 18, 19, 20, 21, & 22,

Thepe Pigures ars from a ouee that woe
gindied alinieally for & peried of nine monthe belove
eperation and the interrrotution of the ppecimens
18 besed on his elinfopl reoeyds Thie im in aoecord
with our beleif thed 2 normal sines gan only be
detormined by its elinieal power to reeiet infeatien,
that ite histologien) srpesrence 19 secondary. A
brei? hietoery 12 e follows:

s LeTe, 8 young alult logger, had ,
frequent oolds for five yeooxs and presented himself
with a1l the elinieel and laborstory evidenes of e
1aft sided ;gg%%gg% Pomginnsitls with severe psin
over ths le ental slmis, mdsr gonssrvabive
troatiment and conblmmal oboorvation all the ovidenae
of :unminumxﬁic disappoaread exoept somc recidual
dietresa over the left frontel (91 daye sfter the
onset of the present 1llnese.) It wee neeoss to
do an intrannsel frontel dreinego eperation and as
result this wae rerformed. Tight monthe after the
ongat of his §1iness he otill hed discomlfort and
yurulent dissharge,{five monthe after the intrenassl,)
“wo hundred and sixty doye after his otlsek of
ransimeitie an external froatel stmuecolomy and
ethmoidectomy hed te bo parformed in spite of all
the previens treatmonts A% oparsbtion & large fronsal
sipus filled with mueo-pue lined by o thiok, ooy,
rough end dork red membranc waes found. The adjacant
othmoid eelle wore orencd and found to be free of
segretion tnt dofinetly hyperplestiec in sows pleosea,
How we enter irto o eonsideration of the ebhmeid
gells ir ppester dotnil for here we Mmow that there
ves & parnient elnuecitio ef ome time. Apparsnily rert
of the memhrene resolved, morual, and snother pﬂrf?nn
begamelgperplastic, sboormal.

Figure 17,

- This chowe a orces sesdion drawipng of the
ontire sime lining., Observe She relationship of
the warions vortions af the mombrens, Obviousl
tharplaeia is eonfined to the élanﬁalar vortio
vhare harboved infeotion ie¢ mosd apt to osour.

R Sren sons
an from point A, iz, 17: & no
thin membrene onlerged 1BO X.’ sttt ——
gﬁ ?':ri ® 3
~eken from point rerplastic; same
enleargenent shown for gentrﬁa;: hg;t:pay!tla‘
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Pigures 20, #1, & 22,

Magnificntion the same im all three
figpuree -« 250 X normel elze.

Hemaloxylin<Tosin Stelin, Formelin,

¥igure 20,

Formel ethmold mmeoneay Frewm 4, fig. 17,
- {41listed ccluemar enitheliom « Oy
Beoal eellsg, Ds.0.3 hyelinized slightly hypertrephied
besement wembrane, D.m.3 sepillery, 2.3 red blood
popyusole ou the snrfece of the oilila, Hebeo.

Hote that the slightly hyslinised basal
menbyrane ie the only evidence in this pres of o
rrexieting inflammetion,

Pigure El,

Satayrhal degeneretion, from G, fig 17.

Hare theye is greater hyperirovhy ef the
bascuent membrene, the epithealium is alse fHaller,
goblet ocelie are ssen, courression of the ovael mmolel
appearg wand edemntoues distonaion of the submoous
gonneaiive tiseme 1 yprosent, lamy sosinophilio
ivuoocylen are ypregent in the submeons infiltration,

Flgure EZ.

Hyperplestie evithelium, from e fig. 17.
Hote the numerone loyerz of ouboidal eelle with =
surfage layer of eoclumnay cells, Cilie are present
but they are vexry short end feebley The bosrsl mombrans
is greaiiy hypertrophied, Hote the chommels in the
bagal me @ gontaining eellulsr elomento.

Yrom these figures all found in the
sane ocovity we huve evidence of s normal portion
fevored by loosntlon end sboense of infoetsd glange
and an infected hyperplustie portion dogenerating
ag o revult of adverse strnature.






CGLAKDULAR STRUCTURE

Plve Plates

Pigures: 23, 24, 25, 26, 27, 28,
20, 30, 31, 328, 33, 54.



Pigure 28

The lateral and medisl walls of an
antrum thet wae found normslly thim in
2ll psrts, Thie is showm to demonstrate
the difference between the medlial snd
laters)l walls 4n reference to thicikness
and the number of glands,

Medlsl well is 0,435 mn., thick.
Lateral wall 0.076 mm, thick.

HemgtoxylineLvein Stain, B0 X.

Pigure 24

Leterel wall of a normal sntum
ghwoing no glends, nc leucocytic infiltration,
no edema, no goblet cells end a very thin
layer of locee ticsue - L.l.jbut & well
formed compect leyer - C.lej with normd
cilisted columar epithelium « E.pd

Total thicimess of mucous membrane - 0,136 mm.
Hematoxylineeosin. 320 X.

Figure 26

Showing medisl well with meny glmds
iying beneeth the pericetesl portion of
the mmcous membrane in such & menmsr th et
they become atteched te the bone -- these

gubperiostesel glunds are werked, Sp. gl. ,
The position of the periosteum ia Indicated
b’yv, El

Pigure 28,

 Ususl position of mucous snd gerous
glends above the periosteum, P.; note the
small comnective tissue prolongation from
the pericsteunm into the boney lacuna, L.
Cep 18 an erdotile tlesue chennel,

H&E.









Figure 27

fiwple tubular glands lying in a
thin portion near the periphery of the
modisl wall of an antrum mucous membrane.



Plgure 26,

Ehowing surface folds, £.F.: Iree
mwcus, #,; definite mucous glasnds, H.ge)
lying at the periosteum, P,3; in an actlive
ggtarrhal_aiﬂuuitin aseocieted with hgg «

WVOr. :

The surfsce folds c@uld easily be
misteken for epitheliasl tunnels pessing
through the epitheliun,

Plgure 29,

fhowing a true opithelisl tunnel
of cilisted colummear cellsg acting e an
outlet for glunds. Tunmel 1s makked, T..

Plpure 30.

The usual glends have a defintie duct
and generslly lie midway Yetween the upgur
looee and desp compact leyers of connective
tissue. The type shown in Fig. 20 i
less comnwon,

Gland cluster, Gl.c.; loose connective
tissue, L,.

Hematokylin-oveln preperstions.






Pigures Z1 b 3E;

Vematorylin-sosin stein, fermelin
fimation, magnificetion 580 X novmal, taken
from soise imen, see figure §0 for general
struoture of 4his epeeimen. This iining s
dofinitel peﬁhala% 8, there ies an en¥ly odone
and infiltration of the submeounsna tut the
enatomio delalle srxe not greaily sltered.

?QWQ 8l.

“pithelium ?p.i glond duet lined
with onboidal gells, ﬁ‘ simple tubular selmue,
1iged with columner oelln, Asf note how narrew
the duet lumen appesrs. This botile~ncek dype
giend 18 readily obetwmoted end fovors oyetio
ormations

Figure B8,

Bﬂlrnr in the logse spongy laoyer
ef comncotive tissme, typlesl seinve, A.;
surronnded by odemutous looss Hliesue space
f11led with oserum, L.t.; and the glanduler
mirient ocapillary ronning bvetvean the aoing
is foen,

AtSention is selled to the sheenge of
strome and glandelar tulwark arcond the seini,
Thie aleoo favors oyetic dsgeneratiom,






Mpure 58,

Cystia degeneration of the gluande,
Yiote hov the distended solind are rupburing inte
eaoh other and therehy forming large vingle oyeie.
This prodebly seocunis for the warious 4ypew of
epithelium found in larpe eyete, The overlying
epithelivm 1s magersted e aresult of the mndere

lying pathology.

Pigure 4,

Perdneinay Infiltrations The
finpartont featurer of ehronie mupmurastive
simaeitiecare viaible i{n thie mievophotograph.

Gledle, gland dnet from surface
gevrying infeotion down inte the seinls O, 18
and vloeveting ores of eplthelium with underlging
ienoceytie infiltration nenr the duots s, 18
the cillated columier epithelinm, Gl.; 15 an
early oysts “lema of the loone layer of somneotive
tinsue is seems Note that vhe compect periostesl
layer of sonmeative tiosne 1s not imvaded by edeme
or lsunocaytic infiltretionl Hers i5 the mechaniem
of glend infeotion, eyst formatien and persistant
intreotable plmueitie that fefuses $o improve
with surgiesl drainsgss

Ham‘mwmﬁmmsm. foramlin.
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STRUCTURE OF TUNICA PROPRIA AND PERIOSTEUM
Three FPlates.

Pigures: 35, 36, 37,
38 & 39.

L]



Tigure 86,

General sireeture of the eimme
moon® membrone, Maforhot rh enlarged
160 ¥ pormel cizes The totel thiolmess of
the menmbyrane 18 0,260 mm,

3lands from thoe seme sresinen
gre shown in Pigures 51 & B2.
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Fipuraes 56 & 37,

vieetie tissve in the 'moons merbranes
of the paranssal simses,

Flgure 86,

The e¢lasgltie £ibrils ile just bdonsath
the beeement mombrane ond form n defindte etrats.
Some Tlhrile are inoorpsreted in the bezal mombrane
::g tgs membrane 1%self conelote lergely of eﬂllngan
ot 1 8

Ce, 12 2 sapillioyy 1 gbove the
@zaw?ia tiesus leper but under the basal membrane,

Flgure 37.

"Pe, upithcliql lz 73 Ls, locoe
layor of conncotive tlesuae; iV, ﬂillfin
tiseue fibriles C., aampaat tireune of
perioctecl 1ny¢r with & for L£1briller olewents
in the beomey ceopect.

Telgort's clantle tlneme sbaine
Pormalin fixation. :









H&”{’ g 28,

rxtrome distension of areclas of
looee layer of gomnective fiseue by sdemaions
proaciis:  ODes Sl8Bus spoce Filled with serum;
Cotafe, oonnective tisoue £ibrils., This i
the uljuwiying meehaniom of polyroid simneitis
end mesethelial oyet formelions “hen the oone
pegtive tisene f1brile mpiture as & resnli of
tennion, the epagses enlarge end a large oyet
in formedy This dype of oyetmsually contelins
e olear anber fluid snd hee no epithelial
1ining. Fefer to rig. B9, '

jamg%ﬁx?lin-aaﬁim, Lormalin.

L >

Fimfi 89,

eons meobrans showing general
gtruetarss This specimen in sontreset to
that chown 1a Figey 00, shows & gradusl
trancition from the locse %o $he eormeet
leyer of comneotive tisene. There 428 2
dondle layer of ocompeot tisgue with fibree
dirvosted in two difforent planes. Ha,
epitheliun;y C,., oaplllary near surfoce;
Bateve, subepltholisl sondanstation of
locse conneslive tlosue; Lele, loose layoy
of aonneoative tivene; L., aviory; I.8%.,
intermodinte snone of gexmcative {imsuey
Cale, ¢t aot layor of periosteel comncetive
tiasue, '

Damatorylin-eonin, formalin,
160 X,



LYMPEATIC NODULES

Two Plates
?18&”’: 40’ ‘1, 42’ 43’ M’ 45'



Flgure 40,

tis nodule near the surfage
of & hyperrlactie maxillsry mmoous membYenc.
Eyy merginel ring of 1rlphaaytts O, coniral
gorie of levge vesloular aﬂu’g I.u looee leyer
af‘uuanna menbransy “p., eplithelium,

Tigure 4.

| 40 nodule just sbove the
gompaet periostes) loyer of conmective tissue.
Hote the lymphogptes apperently grevitating
toward the bhlond vessal,

Pigure 4£.

X unigiiiaaﬁinl of nodules,
note the aml eapiliaries supplying the
nodulso.

Pigure 43,

Show the gsntrel cells, conirast
sppearance with the morginel) celle.

Plgure 44 & 45, turn pages

fhow varisble sppesrsnses of
nodules, some are small ond othere are large.
me has *1ese lymphoaytes than the cthers









BLOOD VESBELS

One Plate



These figurce ahow thmwgﬂ
mu at thoy sommonly arposalr e
meone membranss of the paranaos) olxapas,
Hematonylin-sosin, formalin,

Pigure 46,
epithel lumg

P,'r.. e éiﬂm mmm arterioles
Eh'!:lg rise %o ::I.hr granshoea;
a8
m3ﬂ tiemma, Fobe ‘;lmw adonn
g the mooue merbranc, Py, pericstenl 0.t
20 X.
Pleore 4%,

Toove 13@ af sonnsetive
$issue; 4 e TR ol dintrituting
oevillartong P, pﬂimﬂm& layer of
MRNOus meThrene. 95 X

Flgare &40,

Lioose oooneetive tiscoe with
Plood vonsel Just above Lhe uﬂwﬁu:l.
eendmecdion of sonacative 4 In
all iﬁﬂ&tiﬁﬁﬂ the arserive end iwﬂ
rs'l am the yeriocs$esl layer,
nem. Vviood venmel; L., isome Hiesuag
Toy poristeud layer. £00 x

Flgurs 49,
DeVay Mc:.:'iui mn tm

W‘!ﬂ 1 : Fag “1a

» nﬂln that t!u aunmuu
and cdome tzﬁﬂu Jant skove ke peviceteel
1nyeTe 10 ¥






AR ANOMALOUS FTEMOID CELL
SHOWING RELATIONCHIP DETVWEEN NABAL
MUCOUSA ANWD SINUE

(me Plate.

m Flgures: 50 & 81.

AN INTERESTING SPHENOIDAL
MUCOUS MIMBRARE WITH PIGMENT ORANULES
IN YHE EPITHELIUM.

One Plate,
Figm! ;’:’, 52,



Figusre B0,

Croes section of o widdle turbinete showing en
Bthmedd Oell in the turbinats. Thore iz every resson Go
beleive that this is sn etimoid esll, but rhinelogiets
have introduced the tern “cystio turbinats” for thia
anatomio anoemly. There is sbsolutely ne evidenss of
oyetic degmemtion pressnt, Nete tha thidmess of the
Mmpirtery nasml woons neubrane over the ooneha, N«

HiRs = Nasal spithelium 3 B. « Bome of turbinite;
EBe = sthmoidal epitheliom, Contrast the thicimess of
the two epithelia.

Magnifiontion B X, Bemterlylnefogin.

Pigare 5.

Eigher magnificstion of othmoidal muooen showing
the sl sinus epAthelium and tuniea propria with fta
upper and deep otmpast layers., Home 49 maired B.s
Jagal muoven, N.j glends in nase) mucoss, G, The ¢inus
epitheolium measures 0,088 mm, thisk, the total nembrene
fe only 0,08 ms, in thislmess.

Magnificstion 60 X« HNem, & Bosin.









Pigure BE.

afhmeiaai megouse nambrane removed
from e 1 sinaes ‘nlarged 250 I, homatemylin
and cosln slein, formmiin fixetion.

The unusnel feature of this erecimen
is obosurs in this photogvaph, but can be
rogognized, It gonsists of s heavy depoeit of
brownish gramles in the frec eybtoplasmice border
of the celummar sellsg these gramules nppesy
muoh like hematoidin partieles in the uenal
mononnolear vhogoeyion,

The mubjoot foll from e helight end
wes inetantly %Xilled as a result of heart rupture,
The eignificance thatr can be attached to the
grammles is undebermined.

Lelas, loope layor; Ceols, Compadb,



TYPICAL NORMAL HISTOLOOY AND HISTOPATHOLOOY.

Photographed to the Same Seale so that an Easy and
Simple Basie of Comparipon between
the NORMAL and ABNORMAL 1a
Posalble.

EMPHASIS OF THE GENERAL STRICTIRE &
OF THE MUCOUS MIMBRANES 3
IN DISEASE AND HBEALTH

Pive Plates. Pigwes: 53, 54, 65, 656, 57, 68, 59,
50, 61’ 63’ 63' 64’ & 656

# Reletively low degree of
Magnification -«« 8 X Normml.



THE POLLOWING FPIGURBS ARE ALL FHOTOGRAPHED WITH THE
CAMERA AND MICROSCOPE SET IN THE SAME POSITION. THE
HAGNIFPICATION X8 CONSTANT AND IN THIS MARNER SHADES
OF CONTRAST BETWERN THE NORMAL AND ABNORMAL SIHUSES
CAN BR READLY OBS RVED. THRSE FIGURES ILLUBTRATE

- $HE VARIOUS DEGENERATIVE (HANGRE COMMONLY SEK! AB A

RESULTY OF CHRONIC SINURITIS.
MAGNIFICATION IS UNIFORNMLY 8 X ITHE NORMAL £IIE.

Figure 63,

An early odema sad hyperemie in & borderline

hyperplastio simusitis. This specimen is 6 goed
oxample of very early iaflammation,

Figure B4,

Absolutely mormal sinus membrene, Note how thin
and unifrom the lining is., On the right it i slightly
:ilhh At this peint we are approaching the nusal

L

Figure B85,

Here ia a hyperplastis sphemoida)l mesmbrane, Note
how much thickoning there is in the conneotive tismue,
Very few glands are seen in the entire eireumfereace of
the oell, Serial sections disclese only snd ocosssional

gland,
Yigure 56,

Hyperplastie antrun from the same omse ss# the sphensid,

MWis 11lustrates the pansisusitie end miforsity of the
changes in the same persen. HNote that this liningm 14

may times thickor than mormel (54) and that gland elusters
appear in relatively great mmbers emnly nesar tha ostivn,

Epe opithelium; In, lymph nodule; o, es® hlu por.. periosteums
and By, blood vessels om the puhrl of the sntrum,
Attention s ealled to the faot thatt m h:mnxuu i

in the wper loese layer,

Eematexylin-oosin sections,
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Figure 5Y,
Hormal: This shows another mexillsry musous membrane

thet is normally thin and fuirly healthy as fur as evidence
of @esommtim and infiltration are concorned.

Figure 08,

Extramely polypoid and hypnrpuwia paxilliasry ¢lnue
mueous membrene from an sllergie patients SFhowing the marked
elsboration of mucus, M.; mucoid degeneretion of the epithe-
lium, M.d,; edsmatous polypoid distension of the upper loose
leyer of comnective tissue, P.; and a dense subepithelinl in-
filtration of eosinophils, E. Figure 60 shows the chareoter
of the epithelium under high power.

Pigure 59, ,

Cyatie hyperplastic sinusitiss ¥.e., is ¢ mesothelisl
cyst formed by rupture of the comnective tissue fibrils snd
the unlon of tissue spaces as & result of edemn. Guoe, is a
lgrge gland cyst filled with the glandular seoretion, Mu.
fote that these oysts ares surromded by many smaller oysts
afid thet there is considernble edema present., This type of
mucous membrsne {s hopelessly degeneorated and onn no lomger
take oare of infectiomse,

Magnifieation in =)l figures is 8 times normal,
fta Ine=liown toxylin-eosin, Formmlin fixation.









Pigure 60

ﬁmﬂn of £

the mmm o tion of m%&a‘&mm
Toagth " e Bt SLe) et et e

o o
Yhole nrees of o-itheliunm ave b off md
ﬂllllnf a aixture of mooue and ses By
The gollulsy infiitretion iv ﬁmﬁ ensi
eoninophilie, "his; i & hagefover
of simeltio. Hote the Mlow of moous « ”ﬂﬁtﬂh"

‘mgnifiostion 180 X
Rmﬁmu nosin.

Bew= soslnophile in epithelium, emigrating.

. S debris, mucus, eosinephils, cte.



Figura 81.

From e purnlont mooue menbrenc. Note that
edeng 10 not promiment but that there ie a definite
uniferm swvelling of the swbmucousss This is due to
levgoayielie infilliration snd coagvlated serum,

Attention 8 direoted to the papiliss and
folde, Pe boen om the surisee of the epitheliom, 7,
™hie éolﬁing i charceteristiio of yurnient simmeitis
end: io probably o faetor in the foruation of plicaes
thet evan%nallg bocome polypd.

The Infiltration, I, is moet conevicuous
in the subepithelis) lsyeres The paripsteal portien
ig reletively free from infiltration but there is
oonsiderable swollings levs

lagnification -« B8 X,
Hematoxylineconin wbain.

Comparé with the normel satrum fig.64.

Tigure 68,

Righer magnifisetion of the epithelinm in
¢hronie purelenmt cimusities of this type. Hote
the phoonca of oilis aydd the marked heleroplasis
of the celisy “ome eolle sprpeer round and the
micled show all the dogonerstive shangs assvointed
with aell Jegoeneretion,

‘ngorged sppillarios, fibreblastie proliferatlon
ond polrmorpheanalesr infiltration 1= ceen. Contrast
this submmoenta with that of figure 55.

Tedght of epithelium is 100 mlera or norae.

Hagnifiention £50 X
Jemgtoxyline cosla,






Vigure 63

Chronie pyoganie polrroid simmeltis, This
rerregent® o terminal rocult of the process shown
in fignre 61. Hore there is soms reselubion us
the ohronis inflammation and suppuration hes
degenorated into aystie ond nolypold swelling of
the maove nesbrane, There i meh subepitfelisl
infiltration of lengooyter of the pyogenie type,
4 wyet of Lhe monothelial tyre ip vresent on the
lefts The epitheliom $p hyporriasiio ailisted
solumanr in type, Apparanﬁ%g hetoropineis terminetod
_in thie form 0f epithelinm vhen the purul eney

enbeldes, Thie cese ;rolduged o meacspuInlont
goovrefion,

Magunification 8 X

Figare 64

Hyverpleatio sntrnm mdaove mombisne chowm
for eomparicen with the above polyroid lining,
Hote the Lymphatis nodnles, 'm. in the gobhmnoouER,.

Figuve 66

A pisin pnlrg photographed with the gamo
mugnifiiontions The hyperrisstic mmoetmo membyanes
1o shown on the right, ime; the ;dlyp conmists
of an phundent coft intracelluday doposit of
nuginous sharester with soamt muolef, Suoh pelypi
ugually arise from the ontwmm end projeat ints
the nasel gavities where their presense ie oftsn
consldered $0 be dve to an intrs-nsssl degeneration.

nlerged 8 I,



fyperplastic -
ANtPUm - e







Figures 66 & 67,

:nhwm ae o result of proliferution
of fidrodlaste, In hyperplastie pinusitis ome
frequently ﬂﬂo arens in vhieh the f£ibrodlaste
are oondemsed snd tipeue mm- ie prq-

fome rhinclogicte oall thie
%ﬂ:ﬁﬁiﬂ" but %‘W im. te

[ ntenommey 8 baped
on ¢ tion thet fidbrous erest ftond to

eantraot nover beoome thin end ol ro
‘M woy® &

™

enevation of epithelfum;
Pes Mimg #i‘h" 4 hnhim-g LeCeTey loome
ive tiesue, -



0¥ REGENERATION OF THE SINUS LINING AFPTER
VARIOUS TYPES OF OPERATIONS WITH A DEMONSTRATION
OF THE TRAHEPIANTED HASAL FLAP AND AW
EXAMPLE O BONE PROLIFERATION.

Two Plates.,
Plgures; 68, €9, 70, 71, 72, 73, T4.



m“»

Repedr in the mmoous meubrene of the antrwm ,
Duration of healing © years. Oaly the anterier thind
of the mmoous membrane vas removed at the first
onldwellelug operation. The remining perties of
the mesbrans was not disturbed snd this gave riss %o
the regemerated epithelium ceveriag the soar. Repalr
sonslgts of sear tiseus characterised by u demnse deposit
of eollagencus fibres and typleal small blood shannels.

" A wariable epithelivm composed of stratified eubolidal

and single euboidal layers is present,g.ep.; the transitioem
botwoen the erigimal meperabted musoss and the new formed
lining is showmm, :

Mg, 8§ X 3 EZemker's; H & F Stain.

Pigure 09,

muuwmmmm-mdﬁ.um
savity, Bors the transition betwesn the nasal mucouss,
or "mmpal flap” as 1t is oulled, 4s showm. The new formed
tissus is selid sonr tissue and Deme, Glands are seen
in the nseal flap but de wot ccour in the sear tissue.
8x3; 5858 Zenker's.
Flgure 70.

Higher maginification of the epithelium snd glands
in the nseal flap, Attention is dirested te these
gtructures because they ars normal elements frem
the nasal cevity introduced imte the anbrum by the
surgeen and should not be mistaken for regsmerated
strustures.

Ealarged 1850 X5 Zemker's; Eematoxlyin-Eosin.
Figure n.

Dense scar tissus sovered by eiliated selumnr
nasal epithelium removed from the anterier well of
s repaired antrus, healing for 20 memths. IS will
be observed how firm and dense the thick sear tissus
can beoams, Cempare this structure with the nremsl
lining taken under the samo meghificstieon showm in
Figure 54 & 67. Obviocusly the soar is less valnerable.

mgnification 8 X 3 HemsbomylineEosin, Senker's.
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mile of the chamnels,
# warkod, bes the endothelium L& murked,

abion the ymmg soar
shows many small bleed
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riee
young fbrous tiesus S5 ladeled Sear.

rs show move indereelluler subetance and fowsr chammels.
Specimen from antram hedling for 30 senths,

tiusue has dofinttely given way to sear tissue.
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s seoond Sime after the firet redical exenteration.
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STUDIES IN CHRONIC PARANASAL SINUSITIS
vy
OBSERVATIONS ON THE NORMAL FISTOLOGY OF T'E MUCOUS

MEMBRANE LINING THE VARICUS PARAASAL
SINUSES OF MAW

by
Herman Semenow

o e W W W

1s The parenssal sinus muicous membrenes have & eharacteristie appearance and
cannot be comsidered the same as the nagal micosa,

Be l’n‘ gemeral, all the mucous manbranes of the vericus paranasael sinusee are
6imilers The medisl (nasal) wall of the antrmm is well developed and is unique in
this respects The fromtal and sphemoidel sims membrence are least developed and
wmsually thine Hypertrophy is evidence of pathologio activity,

atua
Variations "sasurenond

e Lime

Vexillary Sinuss .
Hodial Wall ¢ ¢ o o o « OB » 140 "8 058 s 8 Oub
Lateral Well o o o o o Osl « 046 T EEE 0e2
Frontal S4nmus o o o o & . Oa0Te 08 * 0 s 0 0 0 Ol
Bthmoidal Sinus o « » * 8 @ OeDBe Oyt AR R R Oel
Sphenoddal S4nus « ¢ o ¢ o 0s0 % Deb £ 8 88 & » Ol

ge Sirueitis is exveedingly Oommong the inflemmetory changes of the mcous meme
branes should be recogniseds Leucocoytic infiltretiom ic as abnormal here as it ip

in the lungse



e

de A single layer of oilimted columar (pseudoestratified) epithelium covers the
surfooe of the membranes It measures fron 26«50 micra in thiclmess, lNore than §
layers of muelel ie evidence of patholopie irritation with subsequent hyperplasime

Be The basel cells are the embryenio ancestors of the siliated cells and are aetive
in regeneration and hyperplasis,.

8o The oyboplasmie zane, distal borders, of the colummar cells contein lipoids.
This may have sme relation to the cholesterin erystals washed from simses with chronie
deganerations _

Te Goblet cells are rares In large numbers they indicate catarrhal simusitis,

8e & bpserent membrene is presmnty normally it 4is very thinme. After inflametion,
it beoomes lymlinized and this change ie evidence of previous disesso in s thin mome
brone that moy be normal,

Ds . Glands are rares In the mazillery sinus they oocur on the nasal walle In the
sphenoidnl and ethmoidel sinusea they may be seen near the ostisy in the fromtal sine
useg they are often abseutb,

10, .Uy-tia degenoration and infeotimm of the glands denotes pathologie degemeration
and ig favored by the wealmess of the surrounding stromae

11, }Glands mey ocour in bomy laounse, under the peﬁmtu. Sush plandg are diffie
oult *tw ramove surgicallye

12, The tunioca propria consists of two layersy an upper loose areolar tissue, and
a deep corpact tiseues The loose tissue is extremely cotive during inflemmation, The
deep leyer resenbles a perioceteum,

13, Lymphatic nodules, probably the sowcallod germinal oenters of Fleming, are
dogoribed 1n the loose layers These lymphatie nodules are sbsent under normal cmdie
tionme |

14, Blood v&seh enarge through the bomy wells and mbdiﬁdc inbo tsi_xéea plexuses
lying in the plane of the “nntsbmnn mambrane. The paranasal s.{xm; micous membranes have
& relatively poor blood supplys '

18, An ebundant nerve supply reaches the mucous membrene,



e

16,4 Post operative repair does nob regemerate the old lining tut substitutes fipm
sear tissue covered with a variable epitheliumy Jich new bone 1s deposited en the
surromding wallse

17 The present study is based on 861 specimens and in sueh & layge sories oomsidere
able histological veriatiom is noteds Individuals tend to vary in the type of wucous
nenbrane that they cearry.

18¢  The normal eppesrance of a simus mucous membrane was determined by a study of
the healthy mucosae Dy analysis of provem pathological tissues it was possible to
define the normal limits and vardiationse

19«  The normal sinus muocus membrene is thinm, has & smooth epithelial surfuce,
oconbuine no lewsooytic Mltmtmm,l no edemn, no gland oysts and no hyperplestie

oy muooid changes in the epithelivme

20s  /n ocoasimmal ethmoidel cell is found in the emuche and elthough these are
ealled "oyetio turbinates” they are usually normal ethmoidal simusese
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