THE EFFECIS OF SURGICAL EXCLUSION OF AIR
FRONM PNEUMATISED BONE
with

a preliminary study of the general and intra-
osseous vasculature of the wing of the domestic
f@Wlo

by
G, D, Becumont,

A thesis sutmitted for the Degree of

Vaster of Surgery, University of fdelaide,

1965,

ot 66



I.  INTRODUGTION,

(iv; I‘he };?lan of the main atuaé" '!tcot‘qcvatuo-ncuooo
v * Mrpose of the preliminary vazcular studies,

II., HISTORICS:, BACKGROUND,
(i) Feriod of experinentation see .;..----on.acoictg
(1) The reawakening ~ the development of the simple

operation o.cm:..ocoaua»otonuwoou---u.oowuot-oo

II1. SCIENTIFIC EACKGROUND,
1«  The tormel Immerus of the domestic fowl,

(i G&%ﬂ&f&l mtom’ qi.ttcv:u.a..;o.on-ov't-to
(i1) The interclavioular air sae T ———
giii Duration of the pneumatisation process ses

(1v Histulogc‘l fe&t\u‘Ol lviocoui'too'o.'titt
v} Medullary new bone formation “sessnseacss,

(Vi Blood Bupply 0'0..0.".”‘.‘;&.wll.!l.ﬁ"'.

{vi1) Punction of the pneumatic cells of avian

nes coeﬂn-o-"o:aon--oao.o.yu‘o-unotonoo

2. The pneumatic gystem of the humay temporal bone,

(1) instomy of ventilatery pathways TR
(iig HiﬂtOIOgical ﬁatﬁf@l -.-n...‘--ntonch-cu
(111} Duration of the pneumatisation process ,,.

(1)
(vi)

WA - -

wm

10

12

BURREYN

35

FR8



3. Mechanism of pneumatisation.

(1; Pneumatising cepacity of the micosa ..eeves
(i) Bole of growth and moulding of the bone

it”lf CLONOIBLLIVSE R PAB O ROPEEIRBINPOE NSRS

(1’»1} Influence of mechenical footors scsvsosees
4 Pathological reactions in air cells.

(1) iffects of inilemmation, ensssssnasertannos
(2) in the fully developed pneumatic
" W.tm .“‘O0.0‘DQ‘O0.0.Q.O‘I..'...ﬂ
{b) in the developing pmeumatic
sy‘tu [ E AN R R AR 2 N R AN NS FE RS LE ]
(11) FEffects of ventilatory obstmuction eese.se.s
(a) on the fully developed pneumatic
system CESLOBUBRPALNGURIGOIEIARIIEREDEES
(b) on the developing pneumatic

BYBLEM sevesvivvosacrsancencsessonns

Iv., MATERIAL AND METHODS.

1. Experimental ANimelBecesssvavsnserasccsesconanes
Ze ﬁausing facnitiesoyilAOltnoOo‘ott.nﬂon.n.oncollo
3. Metn @ar@'..'...‘.'.......G".'.“.‘..‘......
lp. Anwlthe’ia@ltionlnl-'oanﬂtiqocto.oaoo-la‘#t..tel
S MO@&W = plain-oouoc¢--ottt'uaoenocncaobﬂnn
6. Operative PrOCOMITeBeccassssosanscussassossnvasns
?rev-operﬁ:ive px‘epal‘atianl...............--
opemtive pmcem“a.‘..u’....‘..‘....‘..‘.

(ig "Sevriton" block operation ......

(ii Huscle graft Qperatiﬂn.,....uu
Postﬂoperativa precautions s..vcecconnncnvs

?‘ S}acrime "‘...'..“.."...“......Q.‘U..'....‘
8. Perfusion tGMWQ S0esss0sRsANsOIYTEROIONIIIR BN Y
9 Rﬁdiﬂmpw - fine grain R L e R R T
10. mﬁto&ogm t@mqueﬂ B0 tucrsEssRsaRENeBED
&y Fiaation e R I LB PN PIRRPTCRIENRREEIORTE

b. Decaloification LR R R N R S S PP

Ce Dehymtim CsessvcsassassssnaNDseRR b e

Ao m&dmﬂ GésevcsesvsassarandesRove e e

€, 330%1&“‘“@ S48 083000cUNIONOIRBEEEITEROS

f@ Staining LA A AR R A R A E R N R N N N Y YN |

Le Additional t@cmques cssevrvsesssseses

Frogzen sectioning end fat staining .

Spaltehols preperations cvvceocceoss

7
L9

B8 2

& B



v.

CBSERVATIONS AND RESULTS.

1.

2,

Be

Arterial mipply of wing of Gallus Gomesticus

proximal to the CEBTTHNS ssovessesvosnnosssnscanes
The brachial éﬁtery H0EBSGTBERIGEISRE P OO RS
The ulner ATLETY verevesones *rasesREE st an,

The

r&dial mary .0.‘.0'..'...0.0.'090’..’

Intrasaseous vasculature of the ulne and
humerus of Gal]-\ll &)m&t’.ms PE oSN BISIIEIIERENS

2o

b

Observations on the Ulne ...uveveeenses
1. The arterial supply R T Y T
The matrient mery *ersecsannsasnse
The arteries of the bone ends ..,.
Perlostesl and cortical vessels ..
2s The venous system Bradvesssansrone e
The centrsl mdnllm vein srnsses
Veins of the borne ends vvvueyuss.,
Periosteal and cortical weing soee
Observations on the Mmerus ...........
1. Vascular pattern prior to
poeunatisation L A L L Y TN I PN
2. Changes in vascular pattern during
pneumatisation CHBOLLBEORSEPIAUBEEBOY
3» Vasouler pattern following
paeumatisation RedtseIsivrestanssan s
The arteriel Sﬁppl}' ssscnssaennsenn
The cepillary NBEWOTE scnnnvensvese
mﬁlwmua mtw REPROTVBROBICIINCTELSR

The fate of the alr cells of the humerus of
#allus domestiocus after surgical blockage ef
the foramen pneumatioum,

Qbﬂemtiam CIPLNBEIIPIRNIISIAIIINEIRIINIOIREISERSSES

4o

Ze
3

b

The external eppecrance of the
operated bones SReBRNIIIIR ORISR EEI A RN
The interior of the operated bones see
The blook used REHBEERIBILIEBNEIRINERSS
Methyl methacrylate dsestvesnassrsse
Iizscle gralft *CCsPGNLILEsreNEsARIRIE
Histopathological changes in the
pheumatic gystem ¢revcvessvennssssvense

119
121

121
123

125
126

128



a. Changes in the lining
epithelium LA L X TN T Y gpap g

be Changes in the subepithelisl
tissues SeouvensnanessEnsEIRL RS
Initiel vascular changes ,....
Q‘dm ."ﬁﬁﬂ‘..‘.'.‘....."‘.
Hesenchymal proliferation ....
P&tty & Weloid Meg senaes
Tissue reactions to
cholestercl $ovscrronsosssnnes
New bone formation in mesen-
@W tisﬂe “‘.h.‘...ﬁ‘b"'

¢. The bone substance sesvsevsanes
d. e bone marrow Pl eoRasessnere
e, The paeumatic gpace itself ...,
5. Vasoulax me’ Se0issnesssvssannsne
J:.’&aterm ?ttcm LR T R R
Venous pattern 296vevvrsersavssvrne

Vi. DISCUSSION,
L mxmw vagoular studies foreosssesresssssenn

2, 3Iffects of Surgical Ubstruction of the Foramen
?nemtim ~ factors involved.,.. teessavsnscuses
= % Local mr@m trauma ssssosersssnanan

b. Tissue reactions to the obstructing
mterial Q.atiu.ti&.Qa00010¢-l.00'-n00
Ge  Develepment of negative pressure .,,.,,
ds Increase in cepillary permeability ...
€, Role of 1ymphatiocs Shnevasrsesesctssee
f.  The pretein content of the transudate,
g  The deposition of cholestersl cryatals

he The multipotentislity of

msenm “11’.;“.*-«:-.- Resssensngy
i. The role of the fine vasoaulature TR
Jo  The degree of pneumatisation ,..,... ve
ks The nature of the obliterative method,

k- Preumatisation arrest LA R L R R S I SN

130
131
131
132
135
137
139
W
142
43
145

146



i,

SUMMARY,

During the past 40 years, the surgery of the pneumatic system of
the luynon temporal bone has undergone o considerable chenge, Although
cavitation surgery still has an important place, mumcrous obliterative
procedures have been developed which employ muscle, fat, bone, cartilage
or even foreign substances such as methyl methacrviate in order o f£i11
the eperation cavity. The loocal changes which these materisls underge
have been widely studied, but no systematic investigation hes been under~
taken to determine what happsus to normal developing end fully developed
sir cells of the mastold type when they heve bLeen isolated from the
atmosphere ee & result of the performance of such obliterative prooedures,

In order o investigete this problem, the pneumetised humerus of the
domestic fowl, Gallus domentious, wes chosen for the experimental ine
vestigation. The events oocurring during the pnenmatisation procesa in
this bone, and the histologlesl features of the air space lining, ave
identical with those seen in the bumen temporal bone., iIn addition,
because of the large size of its pneumatio gystem and the relatively
complex trabecular srrangement, the bone was found to be morve satisfectory
for the purpese of the experiment than the Bulle mestoidea of animals
such as the cot end guince pig, Only oockerele were used, Hens were
excluded from the investigation boceuse of the peculiar physiological
meduilary new bone formation which cecurs in laying birds. It wes
considered that this phenomenon, slthough essily recognissble histoe
logically, might umneccssarily complicate the interpretation of the results.



A preliminary study of the avterial supply of the wing of the
domestie fowl was first carried out, not only to determine the vasoular
anatemy in the region of the upper end of the humerus, but also to
establish the origin and course of the vessels supplying the humerus
with blood. The intraosseous vasculer pattern of the preametising
and fully pneumatised humerus wes then cxamined and compared with that
of the ulna in order to establish the modification of the vasaalar
pattern in association with pneumatisation, and to assess whether the
provosed cperative procedures would seriously interfere with the blood
supply of the tone,

The birds were next arranged in two series on the bosis of a
radiologionl assessment of the stage of pneumatisation., The first
series of 2 birds showed full jneumatisation, the second series of 20
birds showed portial pneumatisation, In one subgroup of each series
the foramen pneumatioun was blocked with e pedicled musole graft, In
the other subgroup of each meries the foramen meumaticum was blocked
with methyl nmethaorylate. The operations were performed on the left
humerus, the right being used as a control. Serial secrifioe wus
cerried out weekly over L weeks, and monthly over a pericd varying from
5«8 months. 411 bones were first inspected macroscopically and then
examined histologically, In addition, perfusion studies were qarried
out on several of the post-operative humeri in order to determine the
vescular changes within the preumstic aystem following surgical exclusion
of air, and to confirm thet the cperative procedures did not seriously
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interfere with the blood supply of the bones.

4s a result of the operative procedures and the consequent
exclusion of air from the pnoumetic system of the humerus, changes were
seen not only 4n the epithelium lining the air space, but alsc in the
sub-epithellial tissues, the bone substance itself, and the contents and
size of the pneumatic system, These changes occurred in a definite
time sequence,

Pneumatisation ceased, and cengestion and dilatation ooocurred in
relation to the vessels of the subepithelial tissues. In association
with this alteration in vesoular dynzmios, the subepithelial tissues
became oedematous, and the air space becave filled with & fluid trensu-
date., The previously flat lining cells became markedly round in
appearance, and underwent a foamy cytoplasmic chemge, They were found
to be heavily laden with fat, end many of thém floated off intoc the fluid-
filled air space,

The subepithelial mesenchymal tissue then began to proliferate cut
into the air space, beinz rspidly followed by & vascular ocutgrowth which
provided a blood vessel core for the develeping tissue. In some islands
within this tissue, mwmbors of stellate mesenchymal cells became round in
appearance and unierwent a foamy chemge due to the intracellular dee
position of lipoid material. In other areas, a transformation into true
fat cells was seen taking place in relation to the ramifying blood
vessels. Myeloid cells sppeared in increasing numbers in association
with this chenge, but the haemopoietic activity was short-lifed, The
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free myeloid clements soon decreased as the fatty tissue matured, =nd as
the vascularity became reduced.. The overall change appeared to
repreasent the process of reconversion of the bone to a marrowscontaining
one, -

Iwo or three months after operation, masses of cholesterol granuloma
tissue were found scattered throughout the pneumatic aystem. The
connective tissue of the granmulomata contained rumerous maltimicleate
glant cells and foam cells heavily laden with fat.  No hoemosiderin
gramiles were seen, and surprisingly little collagen was present, In
many sections it could be seen that the gramulomata were formed as a
reaction to crystals deposited in the tissues themselves following foocal
areas of degeneration in the mesenchyme., In othsr sections, there was
ao doubt that many of the gramuiomata were formed by the proliferation of
strands of comective tissue eut inte pneumatic spaces filled with
cholesterol crystals and fas embedded in a protein gel.

Four types of new bone formation were alsc observed:~

2, new bone was deposited on the existing irabeculae, so thickening
and strengthening tiem,

be bony trsbeculac and plates were laid down in an orderly fashion
Just beneath the lining epithelium,

¢ isolated islands of new bone appeared in the midst of the masses
of vascular mesenchyme, These enlarged and fused with adjacent islands
giving rise tc a bizarre reticular pattern,

ds a deposition of new bone was observed in the cholesterol
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gramilomata,

These progressive space-filling and obliterative c¢hanges reduced
the sriginal air epace to a scattered collection of swail finld-filled
spaces enclosed in a mass of newly formed tissue, The chanzos were
correlated with the development of a negative pressure, with a rising
protein level in the fluid.tranmdate, with the sccumilation of
cholesterol orystals in the fluid £411inz the obstructed pneumatic
system, and with local alteratiom in the intracsseous vasoulature. The
development of the changes was also correlated with the degree of
pneumatisation at the time of speration, end with the nature of the
operative method of obstruction of the pathway of ventilation of Lhe
bone,

The relevant historical and soientific backeround of the problem
hes been reviewed,
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