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Intrp$uetåg¡T

It, has baen notcd that marked obesf.t'y may be assoeåated Ìråth

hypoxla and hypereapnle ln the ahee¡lce of derusnetrable lntrlnelc pul-

noner)r dÍaeasc and that thle lE assoe5.atcd tråth an *Rereased errygon

essù of breath{ng (f-¡). The latter uoy be due to oLther an i.ncreaeed

mechsnLaal work belng performed, on the reoplratory apparatuø çr I

radueed effLcLeney of the nesplrato¡Tr ncuasles. Tho l"ack of, abnornal"ltlec

Ín the physÈeal. propertlee sf the 1unge in obeee lndlvldual-e hae lod

those fnalined. to the fsrmer vÍew to poetulets thet eny fncreaee fn

tstal ucrk done i.s due to en ine::eaeed reælstance offered hy Èhe eheEt

wal"f (5). Hor¡ever, evldenee to support lhf"o þpothesLs hac not yet becn

advanced

lhe purpEe of thiø paper ls to report etudfee on the c1aætlc

properüåee of, the total reapåratory øysüem and Lts eonponen*s f"B a gför¡p

of nbese subJectø snd te eô&påre them to theee of a 6roup of, notmal 3.nd*

åvå.dual.ø.

Meühsd

l"wonty-ttrree eubJect,e were studled (Tabte I). Fourtøøn of

ùheee rder6 nðtr@a1 åndlvfd,uals wheee He&R ege was ?9 lr€e,rs, mea;r weåghrå

?6 Kg. and meên helghÈ end body sunfaoe area I?6 eB. a,nd 1.9¿$ Må reæpøet-
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åveLy. Hl;ne obæse $.ndfirådua1o, whese ereêJ¿ &gs was l+? SreerÞr meen weåght,

116 Kg. and noan helght and surf,aoe &re& I?0 cm. and ã.I3 É, were aLeø

studl"ed. ALl were more then ?5S heavier then thEir ldsal wef.ght. Nsne

ef, the obese aubJeCts gav6 e hf.atory of pulnonaryr aardiag or Reur6-

muecular dåaease and they wcre aø¡rmptosatfe aelde f,ron ssmnçlenee end

exertåonaL dyapnea wtråqh w€tre pr€sent' in & fêvr.

Ventilatory functlan wes aøaeesed ån 2â oubJeete. VttaL cepå-

c5.ty, fnopíratory capacity, mexfrcnrn expiratory ¡nÍd-f,}ot* rates g¡rd. marLt-

num breathÍ.ng capaeåty were neaeured usin6 a tollåns reopS.rometen w5"th

the velvee and GOg abaorben ne,moved and a hfgh specd rotating dnm

Lneorporeted. îhe matd"nwil of at l-eest three trial-e rças reeorded. FrE-

df.cted valuee were detemlned from thç data of Ea3-dwånn tournandr and

Rlehårds (6).

The Xntrapulnonary nnixång of ånepired gas Y{ì4,$ ñ,snessed by

deberr¿inlrrg the b¡reath to breath wsæhout of nåtrogen fronc thø ltttngs

whlle breathLng srygen, and by nneaøurång thç eoneentratåon of n$"trogen

remalnlng in thç al-veolar gac after E€v@n ml"nutee by nne*nr sf An lR*

stentåneousl"y recordång nlbrogen meter (?). îhc funet$.onel reeJ-dual

eapae$.ty (fnC¡ wae determfncd by nneasurlng the volume and nltnagen
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cÕr?c{?ntret,íor¡ of t,hæ æ<eåree$ gae at fhe end cf, the seven nånut,e peri"od,

Tçta:- lung eapaef-ty w*e derived by adcl$æ.6 the f-nsplrator;r eapaeS.&y to

the FRü.

Ârteråa1 hlood gan ernal"yeís was FerförÌþed ln seven of the n5.ne

çbeee subJects by tho ¡nethod of Btl-ey øt al (S) as ncodl"fled by Brånhnan

et sl- (9)" AXI had lew ox¿rg;on tensåsna at test, anct ln two, thes& w€trc

ass**íated hrLth hypereapria.

ln fJ.ve of tfie når:e cbene øul:Jeets the çJryËen eost of breathíng

was determ:ined anel f,*und tc he elevated, Theee patfents f,ornned part of

e $€rLes reported elæewhere (g).

A3."L eubJeatc reprted t"o the lsboratory wl"thout øp*ef-al" prspere-

tåen and" vsere askecl to rcmsve eny reetrletfve garreentø. A latcx balloon

u"ao posåtioned å¡: the ocsophagus arrd €r nose elip fi"tted tÍghtly. The

æubJeat' then entered an aår-ùåght hod.y pl-etlryønogiraph and. breathçd ùÞrrough

a tube *nto and eut ef ân ôryg@rå f{lled apårennater oçntaånlng e Gûg ebeorber

sfbuated çutsåde the plethyøunograph.

The oeøepùeß6&1-ü0oråüh preesure dLfferential wa,ø ueed ae &n

åndex of, trenepulmonery pressure" À pneumotashometer we,s åneorporated

ånt* the aírway $"n crder te reesrd alr fJ"sw" Reeordi"ngø ef, pletbywxro*



gr¿iph pres&ure, trariapuLmoÞefy pr'ë6Ëure &åxl e.ir flow Herc Ërkr&eåncd by

¡ßëån& øf stre,{.n gìrag€6 leedång tc thrce cheï:nele eS a $ambÕrn Poþvåno

reeorcåcf, rihåIe siÆulteneous ehanges l"R l"ung vokmc were sbt'aåned fron

the epirencter traeång.

Folïon:ing a perí"od of t'ådaX breathång a& the remt3.ng løveÏ,

from eåght to twenty dlfferent e*ntÍxuous preË¡ðures f,e.ng$.ng between

plus ä0 snd r¡rínus 3$ eæ. I.lg0 were applÍ.ccl ar¡¡und the body bg means ef

a ¡notor b3-o¡rær aÈtaehed to the plethysw:gnepll. ?.hß recu:"'b¿ånt changeø

5.n Lung volume and end-exp3.rn$ory transpulmoner"y preesure ïsaÍ"e noted

for eaela préBËur@ appl-åed, af,ter the breatfiång beesme st'ee{y aù the

new }ung l¡olt&6. ftre mea,n of f:[vc te tcn breat&¿e vres ueed; the er¡d-

æçåratery poånt betn€ deteaalnecil by thæ pûånt, of s6rÕ f,}ow on thc

pneruaotaehcgr&m. ?be eubJeet was allotred to rettlrrn to the restJ"ng

lung Level after eaclr applåeatåein of, pressure.

fs¡ Ïã of the 14 ncrmaL øubJeet'e and 3"n $evën oS the nånø obese

subJee*s, øtudåee r*ere perfo¡med bsth ån t,he se¿å.t'ed and eupån@ pðsi$iÕn$.

din exarnpïe mf the tgpe elf resqrrds ob&aåned end the rcebhod sf,

&hæår anal¡rsåæ ås ehp&¡Þ l* Ilågure 1. It ean be see¡r Ôhat' a ehe'nge $.l:

plethysmøgraph præaÈure sf må$ue 15 cm. H¿0 reølel&eel år: s*r åncrease fn
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åun¡g v<låwa* 6f },Sffi må, g*nå e. wå*auä.*æc¡#sl"ts {rå¡eÍr&*s åffi gsffiå#pw3"w#&sàrP

ã5Ë€wffiwe of, S uæo âåg$. 3t':æ *ånæ*lge åea psw*sååtr& &{$r#es &lã* w$*m& ws,lå

wåå* t.F¿€r*Speø ? *&. ffi" iååmse e*ffiFå$,ffie& r&T?å"*#ñnåw &l¡* $ûåTå&s *hw6ø

{gm Aå*eræi æw**så*ge{å wååh s s*eüåw Fre#s&råä'Þ *Pae*g* of å q*âo å{g# &kæ

æ*wpåå*sræe *f åiire t.steå rec+pårcxüævp *;rm&øst w¿n* "åS* å"¡/ffiffi* ffigilp È,ätø

er*re¡*åår**txe *$ ghr* ).t*x6 we* *ååffi å"/*w. *äg* æscd f,åeiåt; xS *åræ c¡hær¡& sde,åå

wa* .äåf+ å***å" å*g{i"

ãrsr *se3r sgk,jë*g æ9,**å* wq¡åçwe *l:*n¡;*s +;ærø på*åbed w6æ"Sæø*

*he såmr¿3$sss*s<¡trx Atrg&&uçre #beåW6s &*rt*#{å tårø t.ç&eå r*æpåna*øFåe sffÆ&ws

å;äw år¡sW wd åêc& she*ê w*.å3" se3¡sre*øþn S"x? *,h8 *åå&åary ønd øalpån*

¡wwåSå*mwo fu seeåsn' *.* w*xa¿wrw &3¡* moaæs,å *rt* &åtw csþws* *uk'$e*%* å.umg

v¿3år¿ssg a& qr*eåæuw Sw&#ßråx'@s xd&& *xgcrww*exd e# *e Sj#r**r¡&g#ø g,f 'bhæ êg*c*å

ä.w31gg *eapø*å&ff. å ågpåae,ä ex*wpå* c¡f &åt* Fëe&*4åtr#*s*Ltwe iisårry#$ øb*'-sån*d

åm mexweå wt*b$eøt,* $"¡s sk*w fu* Få6:*rø ä. å$ adcåå*'å*r¡r *wpã,åew*@ rd&Ë

eeå.waå"*tw$ hg* d*eørmåm*ng ek* Frw*wwr6 rec¿txår*6 ¡La¡ å*ss:æ*mw åu**6 v*åtw,w

hg å#ß *S &'á¿e *.{seeå åwg *x*pa*åtp Sr*m * är** eæet åmg Swwe} e*meå *xprøæwed

*,w 3.åssrs p*r eæ. å{¿*o

Fepgp sç¡:lwsä *x"¡d SW *bemm *wh$e*&w t+su,* ****kt m,l;a¿dåæd *aa *W

w*;*er*ä,e *çcgemå{sffìs* kpå$;e**w v*aåqå¿;i* **t*g'¡wfu:s$ *gå *äåw weçqlmd #**eså*æ
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dÍ.d not dif,for f,rom the lnå.tåal etudy by nore than t5Ë. llo conslgtent

diroetion øf changø waå notød.

Resulta

-NormaL $ub-{eets

The prøsaure-volume curves f,or the total" reoplnetory cysüemt

the tun& and the cheet ¡sal"I are ehsþni separateþ fsr ell the no¡meL eub-

Jeota ån Flgure 3. ft een be eecn thab the rurvêF for the total reopâsa-

tory syøtem, tkre lung and the ehest waJ-L are roughS.y så6moJ.d ln ahapo.

Sånoe the nslopestr of, the curves &16 en e¡cpreceåen e.f, comp3-iance lt ia

Evídenü that ühe eonplfenoe of the lung and eheEt ¡ssl} are nearly equel.

It can also be noted that ån sone ef the nornel strbJeats the prss$ure-

volu¡ne eurv6 of, the chest, wall had an ånsreaeång ø3.op@ ovêr the rar:ge

cf volr¡r¿e aehleved. ïn two øther subJocts thiø type of, êurv@ waa obtained

ønly when bhey were supine.

The caleulated compJ.la,nee vslues çbtaåned ln nersa,l eubJeete

ån beth the ceð,ted end euplne poøltf.*nø are çhown ån fabla IIA. fn

the Eeated. poaitåon the meerÌ eonpllanee e.f, the total nespåratofy eyËt€m

wes .J.â0 ($.n. .0r+4) l./emu. HpCIg the eomplå.anee of thø 1un6 r¿as .30'r.$

($nÐ. .09&) I./øm. Hp0 a,nd that of thæ chest wal-l wae "209 ($.$" .ffi3)
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L.fæm* i{pÕ*

Obese $ublcct'e

lhg r**ul$s ðf Shs ventåL*,Sory f,r¿ns$åarl et$d$"çs arø }åstcd çn

?abåc S, fb rdåtl þe seøn $hsü somç sf Èhø obçse aub$ce$e hed f,eårly

wgrkçd ncduç&åon ån vå*eå e*paøå.ågr ffrd ægffåffiffi breæ&hån6 mepm*$'tp. $îsw*

€v€F¡ messwel m{d*Slow ïegeß r$søe}"€d B# evå"dee6e &.f brsn*h¿å*ler ebsgrn€*

t$.on, flle eoRsentrgtåott Of nåtr*g&n å-n *hæ e1vsçIør geø åftsf 6ê\r$t

s*"xsu&øe of oxürëøm frreøtkång Mås w*"thån r¡ûrffiä]" Iåæ{t* å"m thç çb*æe *ub$eeüe'

Bho prewæurç*vafu¡me çurv@s deråvød fsr thø ebsss øubJweå* urø

shgwr $,n Fågnre &.. lt $,s appareæt, *þet. th@ pr#esure*veã"w el¡rçaø ferP

&he tstaÏ reop$,ra$ory sgøüm are fleßåsr S¡r ßke sbeae Eha*r å.r* &he r¡oresl

fudÀvåduale ffi¡* çqn¡øs f,sr &he eþ¡øs& nnall arø wøpe øbvåpuaþ fäøt'Sømeda

&l¡øn tkøøe sbåeåssd Læ $he ã*ffis}w. & $hrs a*her }ååeúr $kç *urrsæ før

&he 3w6 ane ræt a*åffsren& $.rr o}op then thæee pþbs$"nsd $,s &tw rlðwå

oub$æotn o

ïhø celeuÏ*bcd ecwpl*eneø vaätrse abèaåned å,u¡ Shæ sþæ*e nuÞ$eetø

erø shewe ån 3eþ3"* lä&" ln èhø sweted F*så"b**$ &h* msem eemp3"åæ*r*e *f,

&t¡6 k&eå x'e*pårmtery mym&w'was "ffS& 
(,fio13. '6ä&} å./w- ffigff¡ tkø *åþ

pååameø ef Èþe åler*6 wøw ,#ffi {S-P" "ü#6} }"/*w. *âg* md that, of &he çhesü
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wa].Ï wae .(89 ($.0. .039) }.r/ero. Hp0. Hhfle the compll-aneø of the lgng

dåd not dlff,er f,rom ühe nomals, the oonplLanee of the totaL røepJ.ratorXr

ayatena and, the eheet wal"l were slgnfff"eearblg ï"ower than the norr¿a} 1p4.01)

ån the seated poeåtlon.

The Effect of Poature on Conplianee

Thç øf,fect of recusûboney ön the presauro*volune dfagrane of ø

nern¡al and an obesc eubJeet Le shstrrr {n Flgure 5. Ït }rll} be noted

bÐth ån tlre nermel and thc obese aubJect there þlaË & dçerøaee Í¡r the

¡'estfng leveJ- ån the supåne poe5.tÍ-on. In the nornral øuhJeet durlng

røcunbeney the o3-ope of the preesüF@*voLuse eurv@B of, the Èotal reøpÍra-

tory øgsteq wåË unaltered and the ølope of tho eurve for the lrrng was

deo¡neased whi].ø the slopo of, tho presgurç*volu¡ee ourv@ of, t'he chøc$

wal"l" waa eetue.lly inereaeed. O,F the sthCIr helrdå 1n ttrø obese øub$eet

,durlr¡S r6enmb6ncy ùhe oløpes ef, the pnes$rye*vol"ume 6ümreg of, the to$al

reopånatory cystem and of, the eheat r*all were appreelably reduced, wtrlle

that of tbe ).un6 was wcalt'eredo

lhe effect af poeture on t'he deråved compl"Sance neluee ån the

normel arad obese aubJeeta åç ehewr in Table AIA a.r¡d E, f& ean be aeen

tÈ¿at the compÏåanee values ln the oupåne 3res*tlon wêre ne dlfferent
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than ì;hose ol¡safned ån the sealed ¡rreislon ån 'blie nor.mal oubjeete. &å

the øt,her laamd, the reduetåon in tbe ooneplianee of the totcl renplrat'orir

oysteur anct the shcct weüL lndåeatcd ån Fågure 5 wea eibeepved å.¡l s$.lr sf

the seven obese eubJeete sèudfed in Èhe nupSnc poø1tåon. Thåe redustlon

ån eeraplåar¡ce sf, the ehest løa1,1 çn aesumpèåon ef, the srrplne pesition lcao

sågnlf,åeent (p{.ü5).

fhø øff,ecb of, reeumbeËüy on the dLeteneåon pr'ësËiìffc rcquåred to

inereasø Sung vehune by l"üË CIf th¡e total l-ung oapaeity elertS-ng from a

l"ung volune equa3" ùe the reeti.ng Ï"ung volunm in the seated poeítåon, ån

noræal- snd cbese eubJeete¡ Ès ehorsn 1n feble ,ffiÏ. l& ean be eeen thst"

dåsgensfen prêËsi¡¡es wsr@ unohangecå fua b}¡e supåne p*asåtion 3æ the nomåI

oub$eete. In the obcse øubJeeÈCI, on the oüher hand, tlrc dåctcneåen prs*

ssqr€ for the teùel reapårotory øyotem a,nd thaÈ for the ehewü v¡e}} vrere

ånereaeed e$ ev€Pe.ge of 6# ln the aupåne poaå*åen while "bha$ far the

Iung wao unohå&96d.

Bleeussl.an
;*!!-,ë

WhåÏ* the *oæp].Lanee of the lung mey be studåed H'åth reLat5-ve

eaeø J-n the apontaneoustry breathång subieet, theit çf the ehest w,el":-

(å,e. thqrse extrapulmonary etruetures tdtåeh are defomød or dåøplaced
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Eiuri¡lg breathång) åe Bere dåffåcu}t tÈ measure. It has been eetJ¡set,ed

ån Lhe rrr6}å,:(edil nonnaJ- eubJeel (tO) ven¿l*lated by a reepårator and ln

anEethetåaed wubJeeta u¡rder the lnfluenee sf mueeLe relanante (ff) Uy

aubÈraeting the eonplåancE of, thø ltrn6 f,rom that of, the toÈel reoplretory

systw.

the dåsadrrentagee sf these nethode are the neeees3"ty for wrport

co*ÐFerêtåon f,rsm the subJcet, or epeoåe1 eondftf.ons aueh ae aneøthesLa

and mueøu1ar parelysåa a¡rd that they nay not refleet the elaEtlc recl"s-

tanec aetueXþ eneounterod durång opontaneoun breathång.

fiüudles of ttre eomplfanee ef, thc resplretory cyetm reported ån

thf.s *Èudy have be.eR earcle(å out irr eponta.nøoue1y breathíng unaneethetlaed

otrhJe*tø. tr¡r røeu1bç are sånnu.er ts bhese sf Heaf and, Frf¡mo who have

prerråded thc only o$her eetl*Ete ef, the eomplåanee of the oheøt well ån

ühe spontaneoucly breat'lrlng unanesthetåsed eubJect (tZ¡. They have poånted

Euû thaû the meaaurenent of, ehest, wall een*pLlanee by tho teohnåquø uoed,

tn the present, atudy LE based on the acnumpÈlon thet the vøltme eha,nge

produeed by the app}åeatåon of, preestr?s arsund the thoreff ås deBendent

onJ.y on the paoalve recåstance to dåcteneton offered by the eheet waLL

and lung. Tlh$"o åæpli"es thøt ne aattve rcsåetaneø by the reapLre.tory
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!îtxtsculs,ture ml¡st bo overe6m6. The extont to whlçh eueh act'lvø ropJ"s-

ts,næe we,s operåù3,ve fur the atudfes rêport@d ån thlo pepcr J's unhìona,

Ður reeults also egre@ cloae3,y t¡åth thoee of, Eutler ahd, futth (:"3") whe

Etr¡dled $ubJeÊù6 ffidor the infheenee of enesthesle end musolc r61"ffr&þfÊ.

Thf.s aupporte the aosumpttron that our subJectu wer€ lndeed trela,xßdrl.

The ftndS.ng that ttre pressüF6*vs1ì¡Ëe surV€ f,or thc eheEt well,

in some of the nomaL subJeets ldås not olgnôld but had an l"nereaøfng

olopc ovss the renêe of 3-ung volune sbtelned fs of, eçn*ldereble futoreet.

Thls pûrenoìnenon has boen reported by other r"¡orkers (ft). $J"nee the øub-

Jeeto ln wtrom this wea çbaerrred were breettrf.ng at a low percentage of

thef"r totel lwg vollurne at reet, th5,s phemoaonon m&y ln Eema wey bø

related to restlng lung vo3-une. ShfE Ís aupported by the fl.ndång thet

thfø phenoutønon appoered ln t¡¿o eubJeet,a od-y r*hen thøy aoaumød ths

resuffibent pon!"tlon¡ j"n wbåeh the reetång leveI" l"s ales redueed.

The data premented åndlcabe that the eompl$.anee of the tetal

reepfretory eyøt,em Ls redueød ån obeee l-ndlvfdus,J-e. Thås reduetLon

ån eonnpt"f"anee l.e aLffoet, entlrel.y due to a reductÍ.sn ln øoup3.fenae of

the oheat wall. Thuon there åO an lnorease in elaaüle resåetanee èo

di-stensåer¡ i.n obcse lndlv$.dusls. The resl"Etsneø to dåat'eneåon offered
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by the sheøt rsal"l $-e åneres-çed en &verêilge sf 6SS ån 'bl:.e obesæ 5"ndåvådual.

Theçe findångm aup¡xrt the hpçothesie clf t¡ther S"nventS"gatorç that thç

ånercased rq/ß6n cnst ef, bræathfng ín okre*Í.ty l"e at LeasÈ *n parÈ due fo

an ånerea*ed meßhcnåoal" w¿¡nk dnne to oversome tlie o]-aetfa reøåst,anee sf

the shCIøt ¡*all. Son*ela.stl-c reeåstélnees of the ehe*t wall and a redueed

musculer øffteåency Êrå.y aLec eentråbute to "i;kç ånisresssd srygsn eos{ ef,

broathf"ng o

It i"s noteworthy that år¡ theso obeee årtdåvåduals tþre eompååanee

of tf¡e tctæL reapåra*cry *¡rntexr ås reeftrced. even ftirther ån the r*erutk:enq

FÕ6åtùÕn. ?he lneresøe *& reeLs*en*e to dlsJ:æneåon d,urång rÞßt*mb€nüy å&

entfure}"y due to ar: ånereased reeåstanse oSfered. bp the sl¡ççt BreL:- fur àhl6

pomftåen. ?hu*o whålç the recistanee of the CIh.est wal-} åæ an evwre6e of,

over ?0É ef, the t*teJ" reøåmtanee to dlstens3.*n å* thc sbese suÏ.rJeet ån

the saated poøåÈtan thJ"s ås inoreaee{g iie aver $0,{ åæ ths eupå-vre pom*t3,øn,

and La alætoet f*t¡r tfuae$r &ß 6::€et as tl:e rcsfstan*e i"n the ¡açrrua'l" ånc3*v*-

dual"a årl, tlre saroe pøeÍ.tJ"en"

ftmg¿-crl4 .qþI,oþsåÊns

I" lhe eompllenee of, the total reapf.ratory eyctem and åt,ø

eeruponent,B w&,s studåed å"a 1¿{, rrormeJ" and ni-ne nbese apontaneoreelg hreath*



- 1? -

åt:g une.r:e*thetåsed aubJeets.

2 The nrean eomplåancs of i;he tçtaL reepårator¡r e¡rotern wast

.Ì"Ê0 3.,/cm. HåÇ f.n norroel íadåvåduals but wae reduced to .t$8 J."/en.

Hgü irr obeEe eubjeet,ø lndS"eatlng å,Ë lnereä.sed elaetåa resåetance to

dåstensåCIn.

3, fhe complåanoe of the lurrg r*as not dLfferenü ån ebeee

åndåvåduals t0mper6d, to nomeJ.s.

l$" The eomplåance of, the eheet wall ruaç .â03 L./ern. I'låG ån

norruat eubJeeto hut wae recåueed ta ,ütå9 l"/cm. ffg0 tn çbeçe åndlviçlua1s.

5. Ln eontraa$ to nomal oubJecte üs$aL respårat*ry eampLåænee

*"'as markedly reeluced by reer¡ruhea.ey ån obeee åndåvådusJ"s. 3þ5.s uø'e en*

tårely elue to a furthen inersasø ån the ræpåsùanee of thç eltçst walL.

6. Hvidenee haa been pr6v¿d€d. whåeh cup¡r,arts thæ sontentåon

that the ånçreased oqr€ên esst of breath$"ng ån ebeçl"ty ßßy kræ due ts

an lnçreased ?rork of þreathS.ng requåred to úrereûme the eÏ"estl* regåe*

tanee af, 'lihe ehçm8 v¡a}I.
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for ånl"cL-ïuehle guåd.eråeæå Fref,egsCIr ¡.T, Ðr:upe for he3pful advåse and erå.&-

i$åsqi e,nd Håese* .Iee¡r f'aJaa ençI ánne tlåssswskå ior tø*Tu¡. *o:'I' assåa*&l:ß€i.



Bqfer,ene,g$r"

I. Auehåneloøo¡ J.H.¡ Jr.¡ SOok, 8., ARd Renzettl, A.P.¡ Clj.n{sa} ErÀd

ptçraåolegleaL aapeetc sf e o&$e of sbeaåüyr pslyoybhenla and alveoler

h¡rpoventlletlor¡, åt. Clin, Tnvest. ¡ L955, fu, L537.

2. BUr-weLL¡ t.S., Rebin¡ E.D,¡ WhaS-ey, R.D.¡ gnd Bteke}nannr A.S.¡

E¡strerne oheefty å,€soel-stsd wåth alveslar hypoventl.letlon - A F[ek-

nleklan s¡mdnoæia. Á8, J. Med.¡ 195ó, 21, ÊL9.

3. SarmLl, Ð. r A peculiar type of, oardløpd"rnonary faf-Iure eososiet€d

wit,h obeoåty. aB. ?t. Med", 1956, 2Ir 819.

l+. Lil}[ngtenr ü.4., Anderøonn M.ÞJ.r gnd Brandenburg, H.0.¡ The

oerdl.oreepåretory oyndrane of obenl"ty. Dl"s. of Gheotn lg5?r ft., L.

5, Kaufuann B.ü", $'ørguoon¡ M.H.r ffid 0hernlack¡ R.M't Í{ypoventl'l¿tion

å.n obeslty. ü. CJ.åÞ. Ir¡vest,.¡ 1999¡ åË,r 500.

6. BeLd¡rlå, E. dsF., Coutrnand, A.r s¡rd R{chardsr D.W,! Fulsonary ånsuf,-

f,lelency. l. phy*ioteglcal a3"assiflcation, ellnieal methods of anelysåen

et¿ndard vslues ån nonmal øubJeots. Med5.eånon 19¿e8r är ?43.

?n totrrnand, A.n Ëaldrrån, E. d@F.¡ Dar3"ångr B.t.r ffid l*åoharda¡ Ð.W., Jtr.t

Süudies olr i.ntraput-uaonary nLrcturø of, gÊ,ssg. IV. The eå&nÍfieançe óf

Èhe pulmonary ønptylrrg reÈe and e alnplif,åed open elreuit r¿easuremenü

of reELduå,l aår. J. tl"f*t" Inveet., 19r+1r ê9, 6SI"

6. Råleye R,L.¡ l?roemel, D.D.¡ and Franke, R.E,¡ Å dírect xnçt'hod for

determJnatlon of s¡rygên and earbon dåoxlde tensfons Ín þlood. rl.

BåoL. them. , 3:9l+:l t L6? t 235,

9. Br3^nìme*r, S.L.¡ rlohne¡ t.,t., Ðonoso, I{., Rlleyp R.L.¡ ersd Mel{amaran B.t

A nodÍflcatlpn of, the meÈh*d of Bil"ey, Freenmel end Frank€ gor determ¡-

åneüion of o:rygen a¡¡d sarbÐn dloxLde tenelone {n bLood" d. Appl"

P!çrsf.ol. É 3"95¿u 3¡ 3Àt.



r0. s'errlon 8.0, ¡ Head, rI., whfttsnberg€r, JoL., €fid $extön, G.A. I

FuJ.moner¡ f,r¡nction l¡¡ aonvaLeseent, po3-ronyetåttø patfenès. 3.
(hmp"Låanee of the rungs snd thorax. !Èew fingland rI. lifed, r LgSzt &.,
é64.

LL. l3ut3"er, J., er:d $wLÈh, Ë.1{.å Presaure-wl-urne reletfonahfpr of the

ehest ån the completely rela¡red anaeethetføed patåent," tlfn. $e.,

L95?¡ åé,, Iåj.
Lä. lteaf, P.iI.l)., and hi-me, F.d.r The compråenee sf, t,tre thorax fn

nerinal hr¡patr eubjeeto. tlLn. $eå.¡ LgS6, åå¡ 3Ig.



TaI4Ji I
PfiISICAL CFi¡RåüTdITISTICS ¡¡'¡D l,UL¡{ûtJ.Ail ruNC?ION 0F SIIBJECTS STIIDLED

c
4
g

ilOlrI¡I-
TIOT

El¡¡irr.

(rc. )

2

,
4

5

6

7

3

I
lp
II
¡¡
IJ

r¿

¡(E

(rr.)

31

tt
r9

tt
4
2'

26

¿É

2t

4
2'
¿¡

æ,

ú

HE.IGN

(q.)

l?t

1?8

L63

t¡i'

l¡4

¡80

l¡o
L?9

Ln

1?o

LT3

r?8

¡80

r7r

mlom

(&.)

79

n
6
69

85

?t

?t

ró

93

82

67

n
73

6

B.S.A.

rfr
r.9t

r.g5

¡..71

r.?ó

2.OE

I.ll
1.98

2.O'

2.Zl

r.9ò

1.80

l.g5

r.tl
l.alo

.sil

ll

a,

r
P

x

x

It

I
å

T

lt

x

It

x

rr8

lao

uo
Ìót

w
ro5

UE

ru
u5
t25

uf
L52

er¡

¡45

l+?

lÐ
726

u
f
|ilt

ut
fi"
L25

¡á2

lt¡
Ìt9

n3

¡33

228

r80

1?O

æ5

æ6

r59

55

uo
tII
*
¡,
7t

?b

u?

It2

rrt
tó

9t

l2'
¡o,

w
ú¡.

\'t8

rát

l?o

w
rót

tú,
r5á

}t+

60

?o

ta

u
n
,t
¡?

¡f

vrlll. o¡PAcrfr

(¡r.) (fPFd.)

fln u3

5tæ uo
y3, u9
tú4, l#
53& rrE

49'o rU

il+A U¡l

1T0o u3

?f'lo trå
5750 15¡

t(ao utz

Bn ró¿

t¿po ¡2r

\790 l2t

¡{¿xu{uÈ{ LåuÅnr¡¡E
CAPACITT

(VrJ¡.) (fPr.d.)

¡¡n

ALTÉOI¿R
t{Z ¡}ÎEBtTi *

o.ó

o.,
o.Ê

1.1

0.1

o.t

2&

l.¡
l.¿
¡.o
LI
o.ó

o.8

0.t

o.?

1.2

0.1

o¿

o.t
l.l
I..
O.ó

o¿

ÎÛÎAL LUIG
crPÀc¡tt

(¡1.)

59æ

6ó¡0

4æ0

óróf

62&

5Z8+t

árto

5rc
t3¡o

n9
75¡O

7tfi
T'Ø

Ðn

id
Lî
i,¡I

A

E

c

ü

À

lt

¡{

I
t
I
I

P

t
t

t
û

å

J

w
to5

t¡o

,r
rró

:
0.1
ilt

¡Ð

2.65

2.Oó

2.t$

l.ga

2.4
r.Ü?

L.tÍl

2,Ol

2.00

mo
r0']'

44rlO

t¡m
¡3¡Ó

ttø

urt
2bn

,tn
4].20

5r90

99
ur
ttn
,y,
¡¡¡o

tqr'?1 t[



çi1-Í Ì "i7
ë*¿¡.å;'-Éå

I¡,lS:"i'l".?Jfif Oßi:'Li,,"Hu. LË g:Rjj'Á: å!:i' OFiiS' .iÊi.lilcË

su[,JËdÍ

å. ¡O*H.ü.t I

Itrrr¡

5.D.

t a üsse

Irm
S.D.

GÐ4I¡ J^ri¡r
(r/æ. tqr¡

æ!gÉ 8¡rçú¡ts

.vlt .Gå

.llù .186

.gl .æg

'Vî2 .OW

.w .156

.ll¡!

.ott .t!o

.té8 .l4t

.l?3 'l'lÐ

.lJ8 .w

.ltl .rlr3

.Íl[t .lål'

.t7¡. .l0l¡

.Iq

u¡H;
(Voo.

Srat sd

.!69

çtó8

.¡é?

Jt4

.Ðß

.tg3

.lF

.rg,

.t62

.923

.2ó8

.Åel

.2r2

.rto

ü::'.sî tdÂl--
tr,/on. qr;

8!å!sÉ fugg!

.ory. .lzl

.2?9 .i¡æ

.ll0 .15å

.lrt .Ol2

.tË4 .2@

.%

.lto .ãÀ

.291 
',?,22

.53t .e69

.%2, .149

.l?g .TìL

.tå6 .ng

.10¡r '2ól

.2É¡

Ha;)
g&fnE

¡

t
¡

,
(

7

I
t

lo
lt
l2

f.t

¡1.

A,

B

c

D

I
r
e

ß

t

.lito

.oflÔ

.05g

.w

.ltl

.w

.0F4

.@B

.oDl

.Ol.?

.ot9

.otü

.mf

.W,

.Ûfl

.w5

.ot6

.Ûy7

.üfl

.o¡l
,oft
.ota

.Gft

o0ll

.lûlr

.Qté

"låo
.abt

.t6?

.l?t
Jø
.GA

.lÅË

.13ü

.lgg

.ú1

.üå

.$6

.,142

.46

.1Í[

.n5

.929

,rn
.?99

.?frJ

.?gl

.93&

.l?3

,æ9

.095

.låó

.î*6

.ôul

.16[

.ltl

.!.r$

.liÈ9

.lgü

.tot

.lÛJ

.ul

.ltl

.tF

.OlP

.üÍl

,0!L

.tll

.Gll'

.@

.G!

.19¡

.qg

.a6

.æ&

.Ol.?

.al2

.of?

.G5

.Qg9

.ØI

.oú8

.oél

.o16



TABLE III

DM. i;rICI; fïj¡;,-.i::J:* IF t&f,5i{":i- å!:: oEl-:T' Il-rj^bJ..i:is

subJdcl

I. MRKåL T

8. ærsg

rJlAL
(G,. bzc/IO¡. Îi,t)
@ Esdes

?.9

b?

,.,
t.0
3.t

1.6

1.2

1.1

¡J
t.6

?.o

9.7

9.9

t.0

6.o 6.,

1l¡Dr'ih6 rLr,)
ÈSEÅES

r.t
1.5

t.l
5.7

l.ü

2.?

l.j
2.6

t.o
2.6

1.2

¡.a

l.t

,ré

1,6

1.9

!.t

cÍíDsT blt¡
(o. þCrlfQ¡ TLC)
S,r¡tcd h¡¡tnc

2,

t
¡
,
6

7

I
t

10

t¡
12

19

14

¡
E

c

D

D

¡
o

r
¿

Imn

6.,

l.t
í.5

lß.?

&.2

,:t
t.9

t.6

ú.0

¡.ú

f.t
,.?

¡l[.o

9.0

l?.t

1.2

20.I

u:t
l¿.o

r+.l

(e, Ha
5¡cLcd

1.6

1.8

l'ü
å.2

?.9

r.6

t.l
l.¿
2.5

e.&

¿.8

1.3

2.9

t.o

1,4

t.6
2.O

r.ô

l.o
å,O

ô.O

Ð.7

l.)
e.I

!.0

a.t

¡.9

1.7

l,Ü

9.4

e.t

ô.I

l.g
2.J

9.2

,t.2

?,.3

?.0

!.0

a.t

å.4

!.å

l.Í
t.t
4.0

ut.6

é,4

!.1

6.1

L.6

2.O

l.l
¡o.o

e.&

!.0
2.¡

l.O

t.0
2.0

r.ô

1.,

l?.¡
a.&

16.0

6.2

¡ó.o

9.1

ll.?

xl.ú

t'ó !.&

t.5
6.4

l'8
ó¡

¡2,O

ul.o

14.t

lO.l

?.t

t.l

¡.1

,.6
8.t

Iogl !'o

* lrl¡nrc rrq¡¡n¿ to l¡er¡¡o lug rolu bt tü D$o€t, of ttû tot¡f
l.lu¡ orprclty. In tb r.¡t d ttltlor tlÐ LnLtl¡.I ttnl n tåt rrrtl¡i3
lna¡ volrao. e a$¡¡l lrurg rolur ußl l¡t d rt tlÐ lafÈle¡ Inol tn tb.
lrpl¡e pooltlør.



VOLUME
(1. )

1.6

0.8

o

Ar. s r.

PLETHYSMOGRAPH
PRESSURE

0

E(cm. HzO) -10
15 cm

TRANSPULMONARY O

PRESSURE
(cm. H2o) -10 E

]A-u"^.

50

AIR FLOW
(I. /mln. )

0
¿t

ExP. I
Insn.!

50

-10, sec {

Flgwe l" $Leü¿-Ltsn€ou6 recordfngs of alr flow, trans-
pul"uoðã a^ry pr68åur6, plethysmogreph prsäsure
end volr¡m€ obtai.ned r*hålo bneathå"ng aù arüF

bient presaì¡re and durång applfeation of a
Regetå\re preanurÐ eroe¡:ìd the body ån a
pleülryømogreph.



too

90

Ozso
fJ

20

to

F*FJere å*

.o

o
80

70

60

F
U
o_

U

40

30

J
Fo
F
ñ

¡_e_sfi¡g_level

+lo o -to -20

PRTSSURE (cm. HzO)

]."reergu.r"e*t.'tïur*e ralatår:ri.çl:å¡:ø of the trt*3
respÍratory eysten (elosed el"rcloa), the Ïung
(open clrctes) and ehest wa}"l (half, open otrcles)
3sr n nor¡na1 oubJeel (f¿n) " Plethymnograph pr€ssure
repreeenÈed the pr€,ssur6 aðross the èotel resptr-
a&ery oystw¡ oesophageaÏ-mouth pressure, thø
préssl¡sê ecrûss the lung and the dåff,cr"enoe b€-
&ç¡ecn plelhyemograph FreÉsuxtê cnd the oeacphageal-
mouth preËsuf,e, the pressure åeronø the eheet rsallu

0



Tolol Lun g Chesf Woll

Fso
ù
{ao
o_

ú'o
(g 60

z
lso
J

J
É.ooFzo
ñ,0

40

o il5 rto 15 0 5 -ro -r5 +tO +5 O -5 -lO -15 +lO +5 O -5 -lO -15

PRESSURI (cm. HrO)

Figure 3. The preseure-volume relaåi.onshipe of the toteL
respiratorSr systenc, the 1ærg and tbe ehest tral-l
fur a group of, noruaaJ. subJeets.



Tolol Lun g Chesf Woll
oo

90

80

7

5()

40

30

20

to

t(J
ñ
U
Oz
lJ
-J
Fo
F
\e

60

o

c

+tO +5 O -5 -lO -15 +lO +5il5 +to 15 0 -5 -to -t5 -5 -to -t5

PRtSSURt (c m. H zO)

Fågrrre J¡. lbe preeuure-vol¡¡se relationehåpø ef tbre totæ,l
re*pLratory systeen Èhe lung end ühe sheså weSL
ån a greup ef ebeæe strbJecto.



%
 T

O
T

A
L

N
ào

)(
D

oo
oo O

B
E

S
E

C
A

P
A

C
'T

Y

N
O

R
M

A
L

o

LU
N

G
õ o

o
o o

O
t o

À o
N o

-t o + o
oI o o

È
;,

I o

I t I

o

l.'
.

8& H {s \tr a

I o + o

I o + o

T
- c :l (O

o

\

! Ð rr
l

Ø Ø c ;o rr
l

c) = T t! o

I I I

O
(f

!$
$"

&
##

A
F

ß
 ß

 H
a

{e
&

{$
 H

€+
tE

É
 

F
sl

t
lå

 Ì
5 

O
 P

{5
t!f

t 
5 

6
o-

to
l-r

. 
þ 

=r
 cå

<Ì
!ts

F
Ê

T
J 

O
O

" 
gt

 l
.ù

É
r+

@
;fû

 
ts

l

H
O

¡'+
r0

' 
f't

r
eÉ

É
dr

yE
t

$(
Ð

f
&

{b
É

(È
tt

t6
{ 

d-
r<

Þ
g

H
H

O
ul

i *s
l"r

. 
{Ð

 ó
s0

!r 't3
 {D

s¡
å ltE

:'S
rF

t
O

 c
Þ

{Ð
|J

O
ü

E
5l

Û
F

"4
 E

8&
Þ

{d
 

¡
5e

<
9.

€f
O

O
F

$F
 Ë $

I o + o

I o + o

(.
) t o al

t + ã o

o
t t t I I I

o I o
I o


