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The elesod-clveulc axypgen dilucion cecholgue wos used Co @E&SLEE
realdual wolume (RY) &n 100 female S8, age 10 o 56, vhile seated on
land {AY dry)] and while immarsed to the neck (AVY wet}. There wax a nip-
nificant diffecense (c.03) Batvsan AV wat apd BV dey, & peodicCion
Formula far datermining BV was dowsloped by regrassing smoking history
{5} and the physical chorscteristics of age, ohest depth (S0, haight
[(MT), walght (WT), amd chase dissacar [COT) againsc NY¥ wac, COT amd S0
waga not salgnificanc {p<.05) predizcors of RY and, subsequently wore
ot included En the fipal prediction formula. Throuph the use of a
stop-wiee multiple regression process, the following predictlion form:la
W ﬂ.uw‘l-np-ili: 0. 017635R(ACE} + IJ.I:I:I.BBGEHEEIE + 0.0148732 {HT}

- BoO0FATI03(WT) - 220767, The yariation {B™) attributed to the indsp-
emdant varishles was .EI:I. Thisa B~ wap BKigher than thac rupnrl:-ul! by
Crapo &c al, (1982) (R"= 48} and Goldsan and Backlaks {1939} (R"=,30}.
The atandard error of estimato (5.E.E.) for chis predictlon Formula was
148 ml. This 5.E.E. was leas than that reported by Cropo of al. (L9833,
(8. F.E.=~3BL ml}, Galdman and Beckloke (1939) (3 .E.E, =360 ml}, and Gvloky
and Sedarvhelm (1963} {5.E.E,=316 ml}. Wsing che daca obcained Crom chils
study, thare was a significant diffecenoe {p<.05) between BV determin-
e<d Etom previcusly pulilisbed studisd {Prev BV} amd BY detecmined [rom the
mawly daveloped forsula (FHew AV}, Thore wasd ales 4 significant diffuc-
ance (ps. 0%} botween Prev RV and BV wor,
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CHAPTER [

TRTRDOUCTION

verlous lung volumes nre weasured during body composition annlyeis.
Thoaa lung volumas are massured directly or [ndirececly. Diroec nerhods
Ineluds the use of a splromoter which messures the volume of ailr moved
during either the inspiratesy or expleatary phass of the braathing
cyela, Tndirect machods inolude {(Wileore, 190%): 1} pocunotomecric
method, using some form of plychysmograph, I) closed-circuis wethadd,
whars chere Ls ditution wsed apd eventusl equilibracion of om imerc
ceacar aF Indicaesr gas auch as nltregen, hoelluw, or bydrogen, and 3}

1 the open-cicoult method, whére nitrogen ls “washed out® ol Ela lunge
duripg & specifind period of ocxygen breachinog.

& splrometeér can noC Pasaurs Che veluma of air thar conacancly
cenaing im the lungs. This volume of air is referced to as residusl
yolupe (R¥). An ipdivect machaid [or ®eaaufbng BV la pegqulced,

Hydrostatlio weighing detsrmlnes bedy denaity on the hapls of
Archimedes' Principle which staces that an sbject submerpged Ln @aoer
im baoyed up by a counterferce Clat equals the welght of the water
dispiaced. Alr resslning [n the lungs during immersfon can howe an
pffeec when actempting to accucately caleoulace body demsicy. Mesidual
yaluns Ehen must ba seasuged scouracely amd ics effecc accounced for Co
Ensure Che post socurace decermination of bady densicy.

Water prasfure axarta a greacer focce on che bedy chan asmospheris

i pressure. When peeforming bydrostatic weiphing, lung wolumes are

1

RTINS,



affocted by the prossires aysrted on Ehe thevacle caviey, Conaldecatbiom
charefore, must be given to the effect worer pressure will hawe on BV

FoARLEAmaEaE .

Hasd Tnp the Stadi

The maln purpese of hydrostatic weighing is to obcain a pereon's
bedy density while lepersed fn sater. Ceneldervatien musc ba glvaen o
A¥ For the mosC accurers Beasuroment of chis densicy. Sineo body weight
ls ebrained while inmersed, i was rensoped that BV shosld ba ax wall
in ardar go Locrease Che walidlcy of che subsoguent caleulacions.

The imdicect meazurepant of BV can ke both tlee consuming and
e¥peniive. In erder co make RV deverminacion mere practisal. prediction
formrulas pava beasn developed char esn predicec EW n.eeuu.l:nll._l.l. Tha
majoricy of the prediotion formulas availabie were developed using tha
mumnutanant af BV detersmlned i lasd (BV dywd. They were alse developad
speclfically using mole subjects. Thece is a need, thecefors Ent
mosnuronent of BY imervesd (AY wae) and for usimg female subjocts. A
prediction formula couwld Ehen he developed which wounld bha appropriace
for the fesale pepulacion, taking into consideracion the wffect immer-

sion has on the determined BV,

Ll el

The pueperss sf chis scudy were tu) 1) demonecrace & need for
dotermining RY wet opposed to determining RV dry: 23 pecform A cascs

retant corrvalacion for the closedscironit, oxygon dilution technigue of

BV wot detarnipaclon; 3] develop a formuala Eor the predictlen of BV




wot using anmoking himvary and che serongoac phyaleal charsctsristics of
age. helght, welght, chest depth, and chest diometer; and &) testc for
adoequacy of prediction formula.

Hull Hypoohedes

The oall hypothesas of this study weta;

1. Age, heipght, welght, chesc dissacer, chest depth, and amoking
hiscory are oot significanc predictors of RY in fensles betepen ages ofl-
56 ymara,

£, There is no correlation Botwes Exinls For ghe clesed-cizcult
oxygen-dilucion cechnique in decermining BV wet,

3, Thare ls no slgnifleanc differonce becween the BV wWer

! measacrenent and the BV seapurspent detarmicsd ubing the fopmela
developed in chis soudy.

4. Theee ls ne alpgniflcanc difference becwean the pradiction of AV
uslng the developed formula from chis study and the prediction of EY
using the fermalas deweloped [rom previcualy publlshed scudies,

3. There 1s no aignificant difference in AV wer and BY predicced
welog the prevlocely pobllaibed foredlas.

. There iz o sipgnificant difference betwvesn BV et amd BY dry

AEIUEIRCLOTE

The sasumpilons of this avidy werd!
1. ALl subjects maximally exhaled daring all AY measuremsnis.

7. ALl subleces wava fraa from cardio.rvedplrocory disease.



3, The wacar lewal for all subjects wos at the sese apotomical

landmark, which war mldiay batussan cha chin and che mamubrives,

&, &1l mishfeces snaunpad the prallslnary questicnnaire honeatly.

Limicaclong

The limitatfans af chia atudy ware)

1. Trus pasdesmlzaction was not achleved, as all subjects were
wolunteers.

1, A& crosa-asctlenal approach was used tother thaa o longisudinal
wpproach .

3, Individual differencrs in maximal szhalation endpelnca for aech

tesidual woluws meofurerant .

Delipizations

The dallmleaclons of chis scudy wers os follows:

1. oOnly female subjects with heighzs betwsan 150 - 180 centlmecers
were tapbad,

2. Ooly female subjects becwoen the ages of 10-56 ware Leated,

3, #Agn, haighe, welght, chasc dlasecer, cheac depth, ord smoklng
hiscory were the only independent varishles sxamissed.

&, The emcking populatios represesced ooly 12% of che tocal Ecest
populacion.

5. Subjecta sufferlng fvem eesplracory dysfuncclen wers soresned

out befors testing and were excluded from the stbudy




Iufintetons, of Tyrms

Suloctod gecms Eor the purposs of chir study are as follows:

g8

Chrapalasglenl ago decoralead Co Che nedcsst yent,
Cloged-Clecult Oxygan Dilutlon

RBebroathing a measured volume of gas in a closed system to
diucerniee & spoeifle lunpg wolums,
Expirscory Besapwve Wolupe §{EEVS

Areunt of alr forelbly sxhalad aftar tidal volums sxpleatlan
(MeaArdla, Eatch & Maveh, 1988),
Functional Beesldual Copacite {FECY

Tha welisma of ale cemalaleg Dn the lungs st ehe and-asemal
expiration porition {(McArdle at al,, 19E6).
Holght

Redy langth of pubject weasuced 2o top of head, while standing
barafoot.
Hidgeatabic Walphing

Tochnigue wsed to decereice body density chrough cocal Lemersicen of
tha auirject.
Inspirotory Ressrep Volume (IBW)

Additicnal walume of ale that ¢am be Ingpired abpwe the inspiced

tidal afrc wvolume (McArdle et al,, 1%Ed),



Pack Yeors of Swoking

Mumber of packs smoked par doy sulciplied by the masker of ysacne
smoked.
Besldusl Volume (VR

Woluwe of alt remsining in lungs afcer meclsel exbolecion (AcAcdls
et al., 19863,
fpivonstef

Dbowice which msasures sxhaled or Imhaled aily volume per wnlb of
time, by recording Braachlog paccerns on a socor driven dewnm adjacent ©o
a splrometiie éylinder whileh valaas en evpilracion and lowars an
Lnsplration.

Pita] Capasiey [RL1
Tocal wolume of alr that ean be veluncarlly meved En one breach,

from full inspiracion to maximal expiration (McArdle ee al., 1966},



CHAFTER 1T

EELATED LITERATURE

This ehapter will digewss liceratare reviewsd pectinent to this
investlgntion. Sewsdlss cthab specifically weod fapule subjeccs wara
rare, coneaguently studles using male subjeccs were included In the
review of literaturs discuselsm.

The devalopmesnt of fesidual veluse decermlnaclon was oxamined.
Ruasldusl voluno deternined while subjsots were {immareed (EY web) wae
eafntrasced to BV decermined while on lomd (RY dryl), Snoking hiantory
and tha phyxleal charactariastics of age, chestc depth, helght, weighe,
and chest diameter were exsmined for their relatlonship co BEW. Pra.
wioualy published prediotion formulos {(Prev BV) (Crape et al., 1980
ftoldman & Bocklake, 1950 Grismby and Sedavhelsm, L1983} were revliewed for

ok almilaelcles and differences in methodology.

Badldinl Voluess DrgEnicacion

Eir Bumphrey Davy [mvestlgoted the mepsurasanc of lung woluss of
pon In the early 180078, Ha peasured his own lung velume through che
wam of & bydrogen-diluclon methed (Boren, Kory & Synec. 1966), Accored-
Ing to Boren ac al. [1986), Ffluger deseribed a poeunatomecric methed in
1882, This method used whole body plathyemography [n moasuring lung
yolupes whileh paguiras chat the subjecc breache to the outside of an alr
cight chanbar chrough a mouthplece. Eesidaol wolume was calsulated by

7
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mansurlag tha changd [n préssuie at the southplece and ths volume of
exponsion of the chorax.

The begioming of the madorn type clesed-clroult gas diluclion mechod
was oot seen until the early twsnEleth century. Lundsgaard and Van
Blyke (1918) developed & mothod In whizh sfoer maxloal sshelacion the
subject rebreathed oxygen. The oxygen vwas mixed with che air in cha
o ject's lungs by vespiring from § te 7 timea, The mixtuce wap ana-
1yzed and che amount of resldual alr (BV) was "caleulaced from che dagraz
to which che air in the chest has dileted the gos in Ehe bag or spliro-
macor” {p. 67).

Wan 8lyks and Bipger {L921) deseribad & hydrogen-dileelan sechad in
which the sub]ects rebreathed for 5 to 7 mimutes o allow for complece
pis miximg. OChriscle (1932) incroduced the quler breathing oxygen-dilu-
Elon technldfss walng hydrogen ad an [ndleator gas., This methed sns
widely used umcil SHcHichael {1939) developed a warfation eof the hydea-
gen-dilublon sethod. The Eydeopen-dilution method was later adaptsd for
helium by Memeely and Kaltreldsr {1969},

A eleroges-diluelen mathsd was [ntodiuced by Oarling. Cowrnand, and
Richards (L1940} Ln which nicragan was “weaghsd ouc™ of the lungs. Rahn,
Fenn and Ocis (1949) deseribad a plcregen-dllucion ssekod which Envalwvad
rebroathlng L1008 oxygen after waximal exhalotion. Aesfdual ebe (R¥)] wad
enleuloted from the parcent of altrogen which wan Found, Wilmare (1069)
propnesd A sachod which was basfcally a modificacion of the olosed-
elrevlt oxygen-dilucion mithed reported by Lundspaard and Ven Slyks

{1914y .




BY.Hor Gopparad g AV DEY

Hary ceseacchers (Grapo, Horcis, Glaytom, Wixon, 1982 Dormolly ot
al. L93&; Timsom & Coffman, 1964; Weltmon, Janney, Hober, Blans & Tacch,
1987} have conducred studies dersrmining BV dry, Thiz value has than
boen osed in che doterminntion of bedy demslcy chrough hydroscaclc
weighlng, which i maceazazy for body parcant Eat snloulations. The
guasclen Tamelos whechar or net BV dey 1s an appropriate subscicuce for
E¥ wet in the determinmtion of eventual body perceme fab cnloulatdons,

Arborellus, Balldin, Lila, end Lungren {1972} obsarved prensunced
chargna 1o canteal bhampadyndnlce ax & sesulr of lemarsieon, Agoatonl,
Qurtner, Torrl, and Bahm {1964) Eound that hydroscacic pressures shifced
Plon blesd inets che chorax and couwntevasced tha ferep of the Iespleacory
waeclan. Thia shifr could ba reasponslble for decransad AV wat valuss
oompacred to BV dry walues. CGralg and Hare (1%67) predioted chac BV
wenild b decenszed whan che subhject i Lasacwad diss to Ebhe inceeasa la
chorsole blood volums, Oehlback acd Lundgran (1972} fournd that Lemer-
afon reducad ehan lump volumsa by bhech ecmprasaisn (Agosceni az al,,
12685 and pooling of blond {arthorelius et al., 1972% inte the thorax.
Thay checrizad thar "soweral huedred miliilticers of blood belwng redis-
cribuced Inte che thorax might emgorge the wessels of the lungs and alr-
wayn, this presmimsbly difecily promoting obstmicklan and ale-trapplag?
{p. Tl .

fddielonal zeudies hava bosn dose en the affect lemersion has on
volumes. Bondi, Young, Bannete, and Bradley (1%76) obesarved reduced

ventilatory effilclency a8 lzmerslon decteazed the rangs In Tung
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capacities. Tha autheors found that the *inect gas dilution mothod wsad
to moasures BV may have glven valuas loedar than tha acEual volums Ieft in
the lu-n;.., plnen mesn gan may have bman CEapjed bakled clonnd altwnyn®
{fi. 740). Im agrosssnt wich chis finding, Robartssn, Engls, amid Bradley
(1570) cbserved chac gas was crapped during lmeactaion and conasquently,
the dilution method Le llkely to undaredcimota BV, They &l Suggesced
that since hypdrostacle Eorces temdad to docroass AV and wascular congens-
tlon Esmded En inctesss AV, Ehegs aheuld be eo signifleast change In BY
while laserded die 0o the counteraccing effect.

Humapons fassavchara (Clrapdola, Wiaswell, Mobler, Rescro & Rarnas,
1977 ; Dehilback & Lundgren, 1972; Frefawt, Lupi & Anthonlaen, 1976} found
plgnificant doeveases In all Tumg wolumed, exceprt RY, dus oo hydroscacle
progeuro.  EV paamed to be least affected by hydrescatle prossure snd
wag thought to he the most appropriate lung vnlums to wees when hydeo-
statically decerminlog body denslry (Thomas & Echeridge, 1980).

Boberceom et al, (1978} howowar, Endicated that BV nay be affected
by Immerslon &nd at tho wery least, “che effeoc of immerslon on reslidoal
walwre Le leas cleac” (p, €81}, This Elnding indicetas Ehe potentcial
need for testing the effecc Lmmersion has on BY Go a grenter matemnc.

Oetrove and Vaccazo (19835 conducted cne aof the fev atudies which
ueed only female dubjects. The results of chelr scudy Indlcaced thac
there war & significant dacrenss (p<,01) of 17,48 En EV whan comparlng
EV wur co BV dry. The effect of che decrease betwesn RY wet and BV dry
oorrespondsd o a mosn relative secror afF oaly O.35% vhan caleulacing
body danalcy, The auchkors, therefore rocomeendsd chac BV decermination

be mede dry. *This precedurs would allew Eor greacer sass in measurs-
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ment for borch che subject and rosearcher wich mwe boas Lo ghyelalsgle
accisracy” [p. 221},

Rohertson et al. (1%78) conducted a study using nine males Cor
dotafmloiclon of RV dry and B wez. WIlth cha uee of the dijlution
mothod, a significanc decreasse (p<.05) of L2% waos obsorved Becween BV
wot ord BY dry. This Elmding suppects that of Ostreve amd ¥oocoaro (1%63).

Clrandals st al, {1977) found Ismarslon co lave & diffecent swlfecc
on BV when decerniped using male subjects, They reporked a sigmlfficanc
Incraasa {p<,01) In BV wet of 6,78 when compagped ta RV doy, [E wna
thought that posslbly the Increass in BY w&g wae dus ta the "sclffreas-
of the lung tissue caused by pulmomary wascular engorgement. Galoula-
cleng of bedy danalcy and parcenc body Eat [ndicacad significsnt
differences (pc. 01} when using BV wet conpared Eo BY dry. From the
rosules of che study Lt was concluded chat, "when obralning bedy densicy
vialues, EV abould ba seisured coneasrenCly while che subjecc ig in Ehe
wvaber™ (P, 276).

AnoCher sCwdy usbng Sdle subjecrs Was oone conductsd by Sawks, Wobor,
and Emowlson (19F0) ., They used the helium diluclon meched for
docermloncion of BY wer and AV dey. They dlscovered 4 slgnilleanc
difference {p<.05} of 16.2% hetwenn AV wok and BY dry. AV wet showed
& amilla¥ walus Chan BV dey, Ths [ledlogs of this sbudy ledicated Ehai
*E¥s obtained inm adr wers moc a suicable subscicute for the mensuresancs
of fasldudl Tung wolumas usdarwatar® (p. 9Z),. Tha results [rom this
scwdy reinforon the imporcance of moasuring BV in condizions {dencical

to hydrostatic salghling.



11

Batacidgn nnd Thosis (LI7H), meawcted LV of webesn [n Four poritlans
lpeluding seated in air, Jeated in water, prome In alr, ocd promo Lo
wacar, Thay Found BY was not significantly affecved by wator lemersion
or i:m:ly position. Although the averspgs BV peasurenanks would suppore
the determinatlen af BV dry En place of AV wet, "for cesearch purposes
thara 18 anoigh ipdividual and creotment variacion to mecsssicate che
direct determimacion of lung wolumes during the acrcial usdefeacer
woiphing® {p. &l).

It 1s apparemc that previcusly published studies have not
conplecely agreed on the offeet lmmersiom hins on BY. &s Glromdols ek
ol. (1977) appropelacaly stated, "RV £z quice wariable as a resulc of
water immersion, with some subjects experlencing o decresse and athers
aty lneveaza™ (p, 27&).

Whathier or mot LE [8 crleleal e decermine OV wer o BV dey remalns
o b seen, Ostrove and Veocaro (1982} sum it uwp the hest by saying.
“total lack of daca wich Tegard co che affecc af imserslon om RY [n

femalos worrancs lovestigation™ (p. #20).
Relaclonshlp Betweay Examined Varisbles and Rerjcus] Volsee

Peovlded balow [s & review of liceracure percaioing oo smoking
kiacery and selecced physical characteriscics and their relacienship ce
BY wek,

Bealdual Voluse and Smoking

Whin conpaclng che reglopal discribuclon sf young SHOMEES Lo YOLng

non-amobers, York and Jomes {1961} foumd thers was mo significant

differenoe in osverall lung Eunction, Hosswvar, thay did teport thee
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BV was significoncly higher {p<.03} in che lower lung reglend of the
smokers . These results suggest that smoking does affrct the EV.

In n study wsing fdentlcol tvins, one of whom smoked and che othor
wha did not, Webater. Lorimer, Mam, Woolf and Zawel (1979) foumd & d40-
Eerecrce In the BY of the swcker compared Eo the non-sscker, but thad Lt
wns oot Blgnificant {p<.05).

Age_and Resldual Voluns

Mamy resparchers have investigated the effect age haz on BV
Rasaarchara Ipvesclgating this pffacc {Boren oc al.. 1966; Brozek, 1960
Crgpe of al., 1952; Goldman & Backlake, 1939 Grimby & Scedarhelm, 1961
Jomas, Ovearton, Homerlindl & Sprouls, 1978) aAll cencluded that AV
Imeveuakd wicl aga, Erozek (I960) explaimed chat che Inerosss ceuld
possibly be dun to ceduced slastic cecoll of the lungs amd thorax, An
inevaase in BY with age fnwolving both the uwpper and Lower Iung regilons
wan absarved by Jenea et al, (19TH),

Hright ocd Besidanl Wolums

Coldman and Beckioke (1939 fourd chac BV correlaced significancly
{ge.01) (c=.2F) with halght, Tn sgresmsnt wich these [ledlags, Bogen
et al. (1964) alce found a significanc (p<.0l} {r=.13) relacionship
becween BV and beight. It waz desonatrated that predicted walues of
lung walumes could e axcended co includs persons ac the edcreses of
stature (Altksn, Schosoe, Frankllo & Plecsom, L9853,

Rafght and Roaldusl ol
Welght was reported as having a saipnifieant {p<.0l) corpalatlen

(e=.17)] with EV In tha stody of Boren ec &l. [(1966), Hena of che

e e
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proviously pubiliszhed stodies developing a predictlon formala for women
usod welght ns a varkablo im cha peadizclon of RY,
fheat Boasuremsnca and Residual ¥olims

Ko studies wern Eound that used eichsr chest depth or chesc
diamater magAuramonts [n che decorminacled o cha predizclom of AV,
lowevar, Kory. Gallahan, Daren. and Syner (1961} foumd that chast
pxpaneflon (partlculnrly circumfarential sxpansion} ralated pasfelvely
wich mogr of cha pulmspnry funeciom sessuromonta e cholr soudy, Chesc
clrcumference and antoroposterior diameter (fourch costoohoodral jumo-
clon) wore moasured during masimal Enspiracion and sawimal expleacion.
Chnal dopth amd shaat diamatey ware spxaminesd En cthis study Bagguss the
author thought some previowsly unexplaired crelatienship existed Between

chaga wvarlablas and tha pradiction of EV.

R Edunl Velumg Prediceion Formilsn

Frediction [orsulas have Boeen publlehed En the post by various
auchors, This sectlon will discuss thosa formules developed weing
Fensla wahjecns.

Cropo &t al. (1982} developed & prediction Eormula uwsing nonsecking
ferala mighjecce, Tha physleal charscceriacics usmd aa pradletar varl-

abilaéa Wave age (years)h and helght (em) (Ei

w &0, Measurement of AV
wan done using a4 aligle brasch hellus.dllucicn techiiquo. Tha abardard
arpor of asclmate {(5.E.E.} reported was Al milliliters.

Goldman snd Becklaks (1959} developed o prediction Eortouls Eor RY

for wemsn welng cha physfeal eharacceriscics of age (years) aedl helght

[¢m) a8 the pradiccor wvarlables I:H.?-.!ﬂ':l. They daerfvad BY by auh.
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traocing axplracory reserve volume (ERV) from Ffumeclonal vesldisl
enpaoley (FRC), ERV swanm ditectly ssneafed using splromstry and FRC was
maaaured waing che elosod-cleeult hydrogen-dilucion technlgue
(MeBMiehaal, 1939). The 5.E.E. eeporced waa 360 mlElEilltors,

Grimby and Sodecholm (E963) developed & prediction formula for
wonen welng sge {yeacs) and height (en) as the prediceing phyeicsl
charsctarlatica ta aptlnsce AV |;l;E nat Teporced),  Actunl BV waluos
wera determined by subtracting EEV (splromecryl from FRC (hellum-
diluclon mathed}. The S.E.E, cesultlng was 186 mEllilicars (this was

raporced as the "resldual standard devliacion® = 320 ml).

HumnOTY

A nuebsr of mechads have baen developed £or the indireer anmalysis
sf BY, Sone puthods are a esdifleacion of an sarller meched and orlers
usy nowly developed techmiques Eor determining Y. Comson methods
aviilabla for seasuring BY Indiceccly Dnclude plachyasmography. Cracor
gas dilution {eclosed-circuit), and nitrogen washout {open cicculk}
(Wilserna, 19693, Tha elosad-cireulc oxygan-difution mechod seens co
ke the Dost commonly used.

The physical charvastarliscics axaminosd Far chis arudy which wera
found ce significantly eovrelace with BY were chose of age, (Boren ec
al., 1966 Broxzek, 1960 Craps at al,, 1982; Coldsan & Becklaka, 1039
Geinby & Soderholm, 1963; Jones et al., 1978} heighe. (Altken &c aol.,
1985;: Boren st al., L10&6; Crapo ae &l., 1987 Coeldman & Backlake, 1339,

Grinby & Soderbolm, 1953) and woipght, {Boren et ol., 1966). Smoking

kiaeory was alas found co significantly corcelote with BV (Boren ot ol.,

T - e
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1964; Wabacer ot al., L9%9; Yerk & Jenes, 198l). Chest depch and chasc
dinmeter wotn Eeporésd aa having a posiclve felationshlp wich most of
the julmonary [wmctblon messuressnts, but net a lplll:-:l-H:-l'I.l:.' &lgnlflcane
carrelation (Focy et al,, 1961}).

It i8 npparent that thers axiscs the need for datermining REY wet.
acoording to Robaresan at al, (197E}:

Wacer Dsmarsion cavged cwe Influsnces on lumg Funetloma Co oceur:

13 a gradianc of hpdrestacie pressure councecaccs tha force of the

lpgpiracory muscles and deforms the chest wall inward when the

muscles are relaxed, and 2) blood shifts inte the Ehoras dus o

oomprassive affeut of the water @n the blopd wessols of tha

exbkremitine, (p. GRL1)
Thiees noCed Influsnces cars have an effect on BY. Since bydroscatle
wolghing determines body densicy while the subject L= lwmersed, =0 boo
should BY be detarmined while the gubjeot 15 lmmersed (Echerldge &
Thomns, 1978;: Glramdola e€ al., 1977: Swwlks ac al., 1978,

Those studies which wsed female subjects decermined RV dry.
Stuliss uslng Comalas MJuu. Far prediccion of AV wet heve oot basn
found im the licerature. The peed sxizts for further ressacch Ln this

ared, In concluslen, ic La apparent that a predicclion Fozeila, ce

estimace BY wat for femalas, la peeded.



CHAFTER 111

This chapter discusiss Che precedures used 1n sbralnlog subjeccs
mnd thoss physionl charactoristics of asch auhjsct thaE sara Coscaed,
Oeknblls of the inserusencs oeed aed & degerlpclon of each proecodure for

moanug lng plysieal ehavacceriscles are also providoed.

dubjecks

The subjects uwend in this study were all Ennnlea reriding Lo zhe
groacer La Crosoe, Wisconsin area. All subjecks wece soliolted by
posting Information shescd Im varlews edcabllshmenca around che clcy.

Az an incentivs for greater swhjece pactlclpation sach wubjact alao had
percent body Eat calenlaced wsing the hydrostacic weighing teohnbque.

Capdidates completsd o inlormetion queationmaleve (aea Appondlz Al
and werns randonly assigned a nuwber from 1-127. &lips of paper numbored
1-127 smce Ebhen cut and placed inta & bewl. The musbera wers clewio ran-
donly aelecosd &nd the nedhes corresponding oo the candidate was © ak- °
with the plek of the diaw,

From the ranked rocbers, the £lrst 100 subiects vers salecied [or
this study. In the swent that o sub]est &aa et Akle co be concacced or
had decided not oo participace, the nexc cagked subject beyond 100 wes
concacted to keep the sample size ar 100

Subiecte uned in chis scedy wero of vacylng ages, helghts ood body
walghts, The age ronge was from 10 to 36 yeace ol mpe {(H=23.5, 5018.4).

17
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lpscrurente

The Following 1s & description of anch Inscrument wsed during tha
cast procedures:
Anthroporeter

A OFH Madel 101 Anchropsactor was uied for balght decermimacion Ls
eontimetars.
Chent Depth Callpnr

A Eharp & Anlch model chest depth caliper was used co decermine
st depth measured in cenciwebers.
Ghaat Dlameter Calliper

hoeLiding callipar wad used to detarnine chest diesscer medsuced [n
centimecers.
Hxdrasticle Falghing Tank

The hydrostatic weliphing tenk (Hydrctosting Tank, LA, HWolfla 11,
Indlamapelis, IR) was used To measurs BV while the subjecc was scaced
on the hydroatatlic weighing chalr, A Chaclllon scels, swspendsd from
the celling, was actached to the welghing chalr which suspended che sub-
Joct Ln the watec.
Quesciormaire

A quasciommairea war completed by each subjecr oo glve Dnfornation
camcarnlng age, helght, smoking history, and cardiopulmonary diseass
hintory.
Bnsidual Woluss ApR&Tstus

& clesed-elrouis exygon-dilution mathad {Wilpoge, 196%) was used

to measure Tedidanl velums, The percent nlcrogen in Cho SYSTeR Wis
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dotarnlned uelng the padal 3030 Mitralyzer (Med-Science 5t. Louls, H3).
An Cmepn chart recorder was connected co che nicrogon analyzey ael
graphleally recorded nitrogen fractien woaluea. & G-1lver aplrosater
(Colling wodol p-600 W.E. Bratntroe, MA) was used in measuring the
amount of cxygen whilch was cranafereed Inte a subbar bag fer pebreach-
ing. The amoumt of oxygen usod was usually becwsen 1 and 5 Liters.
Slngle-henn Balanoe Sonle

& Baalch-0-Matar [Contlmental medal #7000 DLE) was used co detarmine
the subject's waight in kilograms.
Splrometes

A& F-licatr splrometar (Colllns Vitalometsr) was uaed o defafmiping

vital capacity.
PEpLidures

Upen encering tha Human Porfermance Laibayacory ar the Universicy of
Wisgonsin - La Crosss, eoch subject was required to read the Expori-
mantal Comsenc Form (@es appendix B). ALl prosedures ware chareughly
waplained and all questions wers answered. After explapation amd a
conplace Teading, all subjeccs wera asked to sign the consent form,
Thay ware Chen ramlpded of any posafbls risks and theie abilley o with-
drew frem che study et any tima.

Subjects were acquainced wich the procedures used during tesclng.
It wap hopad sach pubject would bBaceme Taslliar with cha squipsestc co
minimize testing error.

For &ll cescing procedurss, cChe gubjecc wore & one-plece bachimg

sult. Tha first part of che accual cesting Lmvolwed decermining che

e e e e T
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subjects vitnl capacity. Tha subject was instrecced co iekhale spd
axhinle maxlpalily into the %-1icer wvitalometer spircmater. This was dome
shile wearing a moseclip to omoure nmo Loss of eir dhreugh the nasal
pasgages. Twe criala af chin procedute were conducted with the higher
of the two walues usod. Vical eapscicy was mesaured [n erday Eo datep-
mlne Che amount of oxygen used in the robber rebreaching bag during BV
dotarmlnacion, Actual w*itsl coapacity waa nof ussd an o variables,

Chaat depth was sedsicced wleh o chast depeh callpae. The subjece
mtond with tha right hand behind the haad, One and of the saliper was
planed an the tip of the wiphaid process while che other sod was ploced
ewee Cli worcebras of Fhe tunlfth rib, Tho measursmant snx taken st the
wod of a noreal sxplrazion

Choat diameter was measured with a slidimg caliper. The subject
ntand with koth hatds on tha coaet of the ilium. The callpsr was chen
placed in the sxillary reglon with the onds beimg placed on ths second
ar ehivd rik. At the esd of expirstion, tha maasursmsnt wam obbained,
ALl chest sepsuressnts ware Teoorded To the mearest 0.1 oencimatcer.

Tws trlals ware condueted with rhe average of tha bwo halmg reportad.

Eenidual volumn wpz ficst deteormined while the subject was siccing
on a chaiy, This waa dema es abeaip BV diy, This daca was then
subgequently wsed oo test for slgnificsnce botween BY wat.

A f-liter spleowster bell wes flllad wich approszimataly § Liters of
paygare by 4 clsaed valva. Tha splremeter ard rubber bag wers £L1led and

omptind ak lsast 2 Elmes ta Flush out any gasss renaining [eea pravious
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tegts. A moapursd amount of oxygen. usually 1 o 3 licers (depending om
oubjesc®s vital capacicy sessurementc) was chon diaspersed [nco che rubbor
hag In preparation for rebreathing.

The subject was instruoted to take a few normal bresths while
conmectad £o tha nlcesgen snalypsr. This was done wich a noseclip and
dlgpoaable movchpiess im ploce, The subjoct was instrwcted to inhale
poiimally and without hesication, exhale magimally. Tha subjecc wos
raqulead ce malpcaln contasc of che mouthpleco with the mouth throuwgh-
cut che moasuring procoss. The subjeoct signaled whan sha Telr saximal
avhalaelon had bwan reached, The cescor then [meedincely switoched the
valve alloving the guhfmct to rebreath Che oxygens contalood 1n cho
rubhar bag.

The suhjece was ancouraged o cake desp breachs oo ensures adoguace
mixing of the gases. This wsn continued wntll o nlcregen equillbriun
hatwesn Cha subjocc's lungs and the rebreathing bag had been achieves,
Absolute equilibrivm & never creathed, buc for tho purposes of Chilis
atudy LC was assumed o be reached when the readinges were indistin-
guishoble on the graphlc pristouc. The values cbralned swers Inseoroed

lnce Eqguatlien L (Wilwors, LR6F).
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BV (EN=TIH)
Bl = 1.1l E aemareores - b8 (1)
AN - PN
HEL -
BV = rasidusl voluma. BV = amount af oxygen In rebreathimg robber bag.
A= parcant of alwveolor nitrogen. IN = percemtc of nitrogen bwparlty
found in oxygen contalned in tubber bag before rebrasching, EH = per-
cent of niteogen In the rebrasching beg oo equilibriom. WM = parcont of
nireogen found in che ewpired afr ac equilibriuvm, [ = dend spaca Pound
within tha nicropgen analyrer apporacwus (.06l licers). 1.1 = morrection

faccor for BTPS.

Tha subject s holght was measured in centimeters, with che back
against the wall apd with che subjecc bagefeac. The subjecc's weighc
ik Gaternined in centimetors, while bacefoot and wearing & oom-plece
bathing sult,

The subject was instructed to enter the locker room area ared caks a
showsr, with the bschlpg sult on, 1n preparacion of encecimg the hydra-
static cank. A pre-measuremant of the walpghlog apparatus with che
gubject [EmarEad ©o che chin was determined. This valus was used En
hady density calculatlons.

Realdunl valima measurerence ware mode while the subject was
[mpmrsed, with the water midway betwesn Che chin and sanubelum, 1o che

bydroscatcle tank, The wacer temperature was kept between 31 amd M



dogrozs Colefus for all hydroacacic RV sassuromanca, Tes trlala wege

copducted with an adequate break allowed betwoen ssch one oo eliminace
any oxoess oxygen cemaining im the lumgs after rebreaching. ALL ra-
sulba waks racerded on the graph paper and dl=o on awhject data shoets
the (ses Appendiz ). An average of the two trlials was used and the

varlables wan nomed ®wek®,

Stazistical Trosement of Datcn

All raxilia Waps procseidsd Ehrowgh Ehe sea of & Ienlch dica
EFEtems compubtsr usimg the step-wlss mileigles reproselon Eormsls
for TBM compatiblo ABSTATS oofrware, A cesc for significanc
diffsrencan wae conducbsd Batuaan BV wat amd BV dry. This waes
through the uge of a paired t-test. Each indopandant variable was
eeatad for lve effect om BV wat.

The prediction Formula waa develapsd by abngulacly and celleet-
fwely entering wariables Into the step-wise rogression formola uwncil ne
slgnificant [ncradea ln R equared aceurrad, Varfablas noc adding co an
Inorease ln B squared wore mot included in the final developed Eormula.

Rasidual walows derlved from che formulas mencloned Lln Chapoer IL
was coapared to BY determined through the use of the nevly developed
forpula, & palred t-tept was umed to Eeat Cor aipgnifjcsnce, Palpad

E-baatd wers wked mo compara all ciced predictlen formulas ©o BY.



CHATTER IV

RESULTS AKD DISCUSSIOE

A cawparison wen mado botweon AV wat and BY dry. The Entest of tha
comparizon was Eo dececnine LE any slpnifisont difference (g<.03)
existed betwenn the Two wespurementa. Presesalng of tha paw daco was
done Ehroigh the uae af & stap-wise sultlpla regression formula. A oew
pradleelon Formulea was then developed and ics adequacy tastsd. Residual
volums wet was compared to BV ohésined through tha uee of tha newly
dowentoped formula (Mew EVI., RY wat wax alen comparsd bo BY dorfved
valng tha Fforsulae discussed Im Chopter IT [Prew BV). Those formulas
wors developed using BV dry walues to predict BV, The raw daca obealnaed
fyom chis iovestigecion was irsercod inte chese formulos to detormine
BV,

A tost for signiflicance was then oonducted betwsen Hed BV apd Frew
BY¥. This was done In an actampe co decorelnes che pradiecsbllity of EV

usirg the different formulas,

aubleea

The subjecta lovalved Dn the study were Eemales becween tho ages
of 10«5 years old. They wers valunteats fron the greaber la Crogss,
Wizcansin area, & tatal of 127 subjects wveluntesred, of which 100
wore pandomly solsctod and tested as previcualy degecibed [n Chapeer
IITI. Table 1 pressnts walues for Y wet, BV dry, oge, heighe, welghe,
chasc dissecer, chasc dopch, and smoking history.

24
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Tabla L

Clapsctorigtive of Toase Populacfon

Variablo Haan 5.0, §.E. of Hean
BY dey (L) #3 .25 .03
BY wer (L) 92 Ay i
hga {yr) 15,60 &.a0 i
Height {cm) 1&% 01 7,536 4
Welght {kgd &2.06 11.49 L.1%
Chost Dlameter [cm) 5. %0 .20 .23
Chaae Dupch [em) 17.20 1.00 20
Smoking History (pk) &2 3.4 )

Bope. Hean smoking walue computed for entire Eest population.

o= 100. pk = pack years.

Gompariicn of BV Wt to Y Qe

A palred p-resc was paglofmod beCwesn BY war apd OV dpy I:'l'-l"I'll.in; a
glgnificant difference (p<.05) betwssn the btwo measurements. This flod-
Ing subaranciasces che paad Tor detarmining EV wor whan using the

measurerent in subseguenc caloulations for body composltlon asseEsment,

Rewalopment of Frodiccius Pormils

The development of the predictlen Foroula was acoomplished by

singularly acd collectively regressing ths phyalcal charscteristics oo
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MV wert. A stepswise multiple regression formula was used for chat
process. Speciflcally, apge, Belght, weight, chest diamoter, chest
dopeh, and smoking histery were sach analyzed oo daternlne chele
oaffnce &n the predictlen of BV wat, Table ? deplecs tha ecorrelaclon

macrix of the varlablos.

Table 1
Garrelation Magrix of Variablos
Chesc  Chast  Smoking
e B¥W  Age Melght Walghe Diasster Depch  Histeey
Une B
hge .39
Has{ght LB i)
Wnight 11 17 .52
Chest Mameter .17 220 LAl 73
Chest Bapilh L4l 73 S .83 L20
Emoking History .14 .23  -.07 -4 -.0h A7

Mara. &ALl valuep cvoundsd En nasrsst EO0ch,

g sbewed tha hlghest corcelatlen to BY wet. Chestc depch and
helght showed the next highest eoppalaclan to BY war, peapeccivaly,
Walght war Ebe only athar warlable irdicacing seme corrzlacion ce BY
wat, (p<.03) with smoking history and chest diapstar net Indicacing a

correlotion, Tabkle 3 illuscyaces the developmantc of sach wariable inte
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Eha repreaslon Corvmula and Tsbls & deplces 4 awemary of eoch step inwol-
wved. Smoking history and chest dismeter were mot incloded Gn che Flosl

formala s bo no slgnlficeant (p<.03) [mprowemsnt Lo che varlance.



Table 3

18

dtotistical Dergloprent pf Predicclen Fopmuls Eor Mesidunl Volume

———_____

Variahle B 5.E. B RETA T

Step 1
A ALE20.55 0022 301877 7. 26>
Gona cank B 2115 2

Step 2
Age LO141437 o2 JS1adle & 4o
Chant Dapth D36 ERAL LRl L293914 3. 70
Gons cant - 297162 0000000 aeaas

Scap 3
Ap= (O130LER SRR L3RG TL0 7. a0k
Chest Depth LD205881 OkED 1753906 2.9k
Halphi OI0GAD L0z 2351348 i Bl
Comna Tane -1. %6662 0 aaaa-

Seep &
Age L6556 Ml LBA2E1% A._97%
Chast Dapch L0399R5T Madiiel ,JGELEDN 6, 10
Helghc JG%72 025 492300 fi.3l%
Weighe -, B074T103 L0 = 3T3%41 3. Fas
Cofs tant S B I i e

HoCg- Be=100.

*pe. 0%
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Table &

Suwanty L the Devalopennt of How Predictlen Focmils

e —

Adjusemid

SEop [ 3 R Squores F Squars 5. E.E.
1 Age 1 A5 B g
2 Apm + CD Bh % A 175
3 Age + CD + HT - Th - .33 -138
4 Age + GO 4+ HT + WT .TH &0 .a% 1ag

Hopg, R squire modifisd co rocegnlee susber of indepesdone warfalles.

Age was foond o be the single scrongest predlecer of BV ser,
explaining 354 of the warlsncs (R squags]. Tha warisble chegt depzh
incrazsed che toral worlames co 238 Dn combinaclen edch age. Adding
Eha wirlobkla heipght Curchés Lictwasad the varladcs {54k} for peedicklng
EW wat. The addition of the varlable welght explolned a0% of che
varlanee whon combipsd with the cheee varlobles previesusly rageoznoed.
Thin valus (&04) wpx ke Inrgest warlance sxplalned afear corchucking a
atepswlse mulciple Tegression wich all coohEnacions of the varlables. a
standard ecror of ostimation (3.E.F.) of LG8 milliliters sesulced fron
Ehia davaloped formudla.

Table 3 Lllustrates the dewelopment of che prediction formala using
tha Four previcusly santloped significant waslablus with thale

rerpactive ragraaslon coefflelant. & breok dewn of cech warlable [

S ——

SEE— ]
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provided as the use of tha step-wilse muleiples regrasdslon Farmula

manipulaced ench one singubarly acd collectively.

Tabls 3

Formula K Square 5.E.E.
L6245 5(Aga) 3% 186
OLALRZTChgad + 036N {CD) - (0297162 k] «17E
O1SOLAB(AgeY + DEDGHERLLCD) + _OLOGAZO(MT) - 1. 5663 54 .15

ALTESSE (AR + (O3BRGET(CE) & (OLABIII(HT) -

LOOFATIONIWTY - 2, 20767 &l LLhE

Hece-

Aps = yaiard, CO = ghest deprhiom). HT = hedlght({om). WT = weight{kg]

Cospaziacn of Fredipfion Formulas

The forssla developed from this sctudy was comparsd to the formuslas
devveloped by Crapn we al, f190%) , Goldman and Beeklake {199%), acd
Ceimby and Scderholm {1963}, The [ofpula deweloped in thia stuly ze-
sulted In a lewsi 2.E.E. (138 ml) and & Bigher mulcipls corcelacion
coefEielant [Ri-.sﬂ} chan che previously ciced Farmulax, Table &

dupiecs che comparison of tha published feeeulas Wich Cha Formula

dovaloped Erom chis soudy.
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Toabkle 6
Gopparizon of Pubkished Forpmlas o Deweloped Formula

Formula R’ 5.5.E,
Crapo ot al. {1%¥01)

AL Ehgady ¢ JBLIT{HT) < 7,471 &l 181
Coldman & Becklaks (19503

A09(Age) + 0IX(HT} - 3.0 30 Bl
Orisby & Soderbmlom (1963)

J007 (Age} + OI&H(HT) - 3. 42 * JJ2hee
Fresent Stucdy

JOLTESTE (Age )+ DIROEST (OO D1ADT IR (HT ) -

LATATLOT(MT) -2, 2O7ET -BD .14A

Bote. * Hobt reported In atudy, *% Vilus repoacted as the "residesl
aeardard daviaclsen = 320 ml.

Age = years, HT = helghclem}. WT = walghc{kgl., G0 = chesc depthicm),

The taw dits chiained in chis stwdy wers Iinsepced inco cha pro-
wiogely publishad Formulas co predize RY (Prev BV). The results from
gack Frxmula were compared o BV deglved through the uso of che nowly
developed [ormula (Moo EV). Eesidual voelume sbralned using the pub-
fiaked formulas was then comspared to BV wet. ALl thres provwicusly pub-
1ished farmuleas vislded stgnificantly different (Pg_03) predicced BV

cofparad to Hew BEY. These resulrta are peevided Lo Tablae 7,




b

Tahle T

Frediccion Fermula

frandacd Scandsrd
futhor Hine Dewiaclen Erzror Haan T
Crapo et al. {1%8%) 1.3 2% 02 63, Dtk
Goldman & Becklaks (19%9) 1,38 L2583 25 37 .S
Crimby & Soderbolm (1943  L.15 211 JNEL 15, Ja=
Pragent Brudy LG .18 N e

—ma——

Hoete. Daca fxrom present study was insected into prediction formulas.

deppc, 05

Reeults From a paived E-geet lexllzaced a slgnlflcantc diffavence
(o< 03) bptwpan BY wot and Prev BV, The cotrespondiog values of sach

RV deterpiced using the predicclon formules reperced are provided in

Table &.
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Tabla &

L-Seot of Predicbed Residunl Wolume Co HMossucnd [nmscisd Volume

Srandard Htandnrd
tuthor Hean Dewiatlien Eeror Muean T
Crapoe at al, [17B82) 1,32 . 215 o rg] 23,21
Goldran & Bocklake (L9539} 1.58 253 S EL
Grimby & Sodachalm (U963} 1,15 211 271 1L, D5
Presenc Study S22 Ara 61 <000
Heasured RV (wet} .92 .230 623 e

Horts. Data Eron presenc study was inserted inco prediccion formalas,

TN L

(oe poaslble axzplapstion Tor the netad diffsrencea amoog tha
ahtnined predictad EVa iz the charscteristica of the pepulacion from
which esch Formuls was developed. The grovicualy published formulas
used gubiject papulations which had a different mean age walees than did
chi populacion used during chils iewvestigotion. This could scroess the
imporcancs for using formulas devaloped on populaticons of ths mams mex,
sinflar halght, age, and welght parasertecs, as cChea desleed cesc pepula-

clom. Table 9 illuscrates che populacion characceristics from each

study .

G e B e e ——
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Table 9

gharacgeristics of Test Populstion fronm Previously Published Scud{es

Age (yrl Halght {cm}
Author Hoam 5.0, Hear $.0. n
Crape st al. [19832) 49,0 W 16l.0 7.0 122
Goldean & Backlake (1959} 8.5 16.3 160, % 6.4 50
Grimby & Soderholm (L9463} a1 13.8 1664, 0 .0 LA
Present Seudy 5.5 ] 16& .0 T. 6 100
Bota, 4Hot rapartad,

fsmmars

& Formulas Eor pesdiceing EV was davelapad chrough cthe wues 60 a
step-wise nulciple regressfon formuls baaed on the data collected in che
ipwestigation, The fersula devaloped ens dariwed from daca gachaped
Erom fenale subjects, which may limlc the use of the formula co only
fomales falling within the cest population parameters. Of che wari-
ables exanined, thest dismeter &rel szoklng hiscery did noe show a elgni-
Fleane effocc 1o prodiscing BY and concoguencly, were not [neluded In
che £imal developed formula.

The squoce of the multlpls corceletion [B.E‘.l ledlicaten tha pespeE-
clon of the varfation in BV accribuced oo che ipdopendont wariablss in
tho prediction formula. The Fl.1 walun was used {& compars tha differant

peedictlon forfalea. The newly deweloped Eormula had a highes 11 {60
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than that reporced by Craps ec al. (LP82) of 48 and Goldman and Beck-
lake (1959} of .3). Grimby and Sodorholm (1%63) did nec ceparc sn HE
walus Cor thulr foroulna

The newly devalepad Formuls wos wanble te axplaim S0% of the war-
lance in EV. The suther thought that possibly semn physiological
neasurexant of hroaching miacles cencrvaccllley pauld lperausa Cha
adoquacy of che prediction formsla. FPurcher imvestigatien is needed as
to what ¥arisbles may enhance the adequacy of biture predicelon fog-
milag,

The developnent of thes new formala ramulged In a lowsr sBandard
error of estcimate {140 ml) tham the formulas developed by Crape et al
(1623 (361 ml) and Goldman & Becklake [1959) (380 ml), Thorco wian =
slpgnificant (g 05) dlffeconce botWwaan BV web and BV diy, secaaslcatling
the msasursment of BY wet im order to inerease che validicy of wvalues
obtained,

There wan & significent differences {p<. 053] betusan Prow BY and BV
wat, Thars alus was a significant differemes {p<.05) becwesn Prav BV
and Bew B¥. Thin finding swpports the mead for uwalng a forsula thac was
doveloped on a population specific bo the desired best population in
order €6 Inctease vallidiey in predizelng BY. Tha newly developad Coc-
misln woald ba moat sppreprliats for femalos becween che ages of 10 co

&, as this was the range of the test population age.

© e —



CHAFTER W

SORMARY, COMCLUSIONS, AND BECOMMERDATICHS

Tha intent of thiz study wasz to develep & favmula For cho predic-
tion of BV, Thia study was wnlqua in chat RY wet mrasucemonts were usad
in the caleculations na opposed to BV dry esaswpsment®, Alee, &1Ll sub-

feckp worn fesaln,
Burnpry

A tesc-rotest correlation betwesn the twos BY web measurements
rhownd a sipnlficase corvalation wich an r of .97 vesulcing which wauld
sugpest thart relisohles measursmencs wore takon,

A slgnlfleant dLEferencs (pd.0%) wns found betwsan BV dry and
BV wak which would suggmat the nosd for ealeulaking bedy densicy by BV
wer.

Thu physlcal charecteristbies of age, halghe, weight, chest depth,
ol chest diamoter were sxamiresd through the wse of o step-wise
multiple cogreralen process, ©0 develep a prediccion formula for BV.
Smoking bistery did not add any significent [€05) prediceabilicy te BY,
and Eherefore was not lncluded e the prediccionm. This may have boen
due to tho small percancage of smokers (132t} En the test popalaclen
Chagt dissscer was &lso noc included becauce of failere to improws pre-
digkabilizy for BY.

The adegniacy of tha davaloped predletios formula wea decermined by

tha aguits of tha miltipls eoreelation coafficient {E!-*.EEIJ:- This valus

34




n

wni highs® Ehan thai in fermulps developed by Ciape et al. (ED2Y pewd
Ganldvam and Dacklaks (1950 I:IE = &0 ard MY, rospeociwely).

Tha fermola developed From ehls atudy bl o lowar scanderd oeror of
esrivace cham cha previsusly published formules. Thervo was & algnlfi-
onnt diffaremon (p<.05) becweasn Frow BY and Meow BY. Thin flnding sup-
porcd Cha meed For usiecg & forsula thar wes doveloped om & populacion
speclfie wo tho desired cest pepulation in ordar to increase wolldicy in
prediceing BY., & significant differsnce (pc. 05} wan ales fournd ba-
cwsirs Frew RV and BY wet, Thare wos oo slgnificant differomce (p< 03]
Eound becwesn AV wot and How BY which wos sxpeated considering Hew BV
wak derived from BV wer.

Efuption I was tha fopeulas devaloped [eom this stady logf pradicbisg

R¥.

BY [(Llters} = O, 0178556 (Agn) + D 0399&57(CD) + O,0140732(HT) - {2
0. 0OPATLOI(MT) - 2 20767

Hoka,

Agn = years. OO = chest depchiom). HT = halght{cm). WT = welghtikg)
Conclusfons

The rosules of chis study supporrc the following comslusions:

1. of the physical charscterintios examimed, ape, chestc dopch,
height, and waight wurs the bast algnificant pradictors af RY, Thn null
h:,-pnﬂ:-i.ﬁl WS o jecbed.

2. Chest diamatey and amoking Li.ltur_;l wares nek slgnlFlecane

prodictors of RY, Tha mull hypachesis could poc he rejected.
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3. Thais wng a signiffcant cotgelavlen (f<.03}) baCwsan tefala Fox
ologed-olroult oxygen-dilution techniqes of BV web decerminaclion.
nill hyporthesis dnz réjected,

b, Thire waz bo slgnlfleant diffeyence becween BV wer ard BHow RV,
null hypotheais could mot be reajacted.

5. Thern was & significent difference becwsen Rew AY and Frow AV.
mall hypochesls wam fajeccod,

&, Thoro was & significant difference betwesn RV set and Feew 0V,
riall bypothosis was rejected.

7. Thara was p slgniflcanc diffayences becwoaen BV wer and BV dry.

rull hypothesls was cojected,
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Beoommmndns Lok

Bagudd o Che Findings of thie szudy,
wars marks!

1. Develop a predicclion formula for

i, Devalop o predicelen formisla fer
age of 3& yaars.

). Develop o prediction formula for
LR Leti o

&, Tast for significant diffarences

smokerns and man-snokers

5. Test for significanc differences

the [allowiog Tecosmsvdntions

EV wat for males.

KV wac for femalas ovar Cha

Eemnles at the sxtromes of

le Y wat betwoen Eemale

ir hody pareont fat waluss

uslng BV wak and AY dey, Ia body densicy ealewlotiens for women.

. Selesct other physical charascaplselea, not alrvaddy caseed, forp

pxamination in the prediccabilicy of B¥ such as the physiology of the

broathing muselas
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ApparAls i

Yolunteas Sublect Ousatlonnalos

i {please print)

FParent or CQuacdian's Were (If wnder 10 yrs.)

i "

AddEann

Telephone Humber (home) [work) .

A {at last bicthday) lBaight (cotal im,}

1. Dare of birch {monch/day s yeark

2. Do you suffer from any resplrasery diserdass such as brenchlcla,
anthma, or cuberculesls? Yes  Ho

3, Heve you ever had haser auepery, exporlenced & cacdiac Cndicent,
ot suffeced a bearc attock Yes_  He

4, Do you or have you ever smoked? Yes_ Mo
If yox, how many years hive/did you and bow many clgarctces per day?
Bunbe: of Years  Cigaretres/day

5. Afe you apprahenslve about bolding your breach while submerged
under¥ater? Yes_ He

E.

Do yeu suffer from any othor condicioms chac che Llnvescigacor should

b awara off I se, pledse axplals.

&3



Appendin
Expecinental Soosent Form

I, hove pgresd o veluscarlly parclelpate bn
tha pesldusal velume soudy by belng o subjesc. The requiresencs of che
acudy lmvolwe breaching intoe & spirometer device, while immercsed, used
Bor meosuring lung wolume, This device measurss the volume of gas
remaining in the Llungs afcer moximal exhalaclon. T have hopsatly
complaced & gquestionnaires teparding roaplrscecy and cardlac dlsordeva,
ape, and varliying sssking hlacery. Tha purpose of this scudy 1s to
docaymlee che corcelatlon between mossured residual wolume and residus]
volume determined from the study's prediction formuls.

Poasible risks of this study may include, Light hesdédesss, nouses,
poasible aloecrocardlographie {EXG) changes due to forced explracien or
slight discomfort due to partinl immersion while st Che and of o maxinal
exhalation, Ionwtremencd will be acerllized and cleaned prier to
subgequent crials, but the possthilicy of infection always exists.

I have toad Ehe sheve informaclon and Fully drderstand che
procedures. I am adare of che possible risks and I am fres co wichdraw
ac any time.

By algnimg this docusent, © glwe my informed consent. Im dolng so
1 hareby rolease che Universicy of Wiscomsin - La Crosse, the Human
Performance Laboratory esmplopees and students Gnwolved ln the evaluation
procgess fron any and all legsl 1lakilicy asdociaced wich che ahova
dageribad proceduses.

To my kneuledra, T am por 1lnlced by any condiclon(s) Char woeuld
uffuce my ablilty co parcliclipate Lo chis stody.

Slgnad Date
Wicosas Onts
La (parent or geardian) of che showve-named

aubjacc Bave road che experimancal oconsent Eorm and do hareby consenc to
sald procedure.

Signed B WUirnosg

Gy
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Appendis © F.‘:i

Subject Daga Shents E

&

Subject’s Hame A e .-l'

Thavar's Hasa fnta ,i;

Reason for Test ;:

1

!

Vical Luing Capaclcy: al Tlters =2 Ticers )

Residual Volume Bata bzy Wer #l et wi ?

Bap Voluse of Ouygen (EY) L i L “

Alvenlar Hltgogen [(AH) ¥ * SETRTITILW, .

Impurlcy Hitregen (1E) L] & & "
Equilibrium WicTogen [(EN) ® L] i
Fimal Hitzagen (FH) * L L]

antheepemacey - Subject in one plece baching sule,

Dry Walght _ kg
Height cn
Chuat Dlamecer &1 om @] cm
Chost Depkh #1 om L (=1

[enaicomecry - Subject lemersed in hypdrostacle walghlog Conk.

Immeraed Welght of Apparacus (HY} kg

Untas Temparacure o

Iamarsed Welght of Subject amd Apparvatus (M) (heavisskl
Trial #l Trial w2 Teial w3 Trlal #4




Appendix D
Baw Dot
SUBJELT OHY WET1 WET2 C.hl C.DE HT WT FE AD
HLMBbER R Y Ry tH oA in LR ™ YR |
ol 1.15 1.12 1.18 #5.4 17.5% &0.3 132.75 20 15 I.l
[1]1r Q.71 Q.59 a.To 3.3 15,0 59.6 F3.40 0D F0 |
ond Q.93 o, 40 a, 85 M.3 17,3 &7.9 13,73 Do 23
fali2) 1,12 1.02 1.00 26.% 17.0 0.0 14000 046 X
bilEL] 0.57  0.54 0.5 23.0 15.0 59.5 107 50 00 19
il T 0T .71 5.3 16.5 &0.5 1RE.50 00 3
anT 20,73 0,72 0.69 F6.3 17.0 &4.1 13I5.00 00 31
ang .80 .83 o.E 2. & 1%.0 &6.7 135.50 D0 22
il 0.9 1.0l 0.%7 6B 175 622 lal 0 0 W
a0 0.9 0,82 0.82 36.% 17.0 63.7 1M.T7F 00 32
ail a.r? a.Es a, Ba 26.0 1& % &GO & 13700 0O 20
Li] ) l1.07  1.07 1.1 25.7 0.0 &4.F 15900 oo 31
013 a.70 0,352 0.53 0.9 15,0 636 ER.OD 00 1L
a1s 1.32 L.25 1.2 2% 15,3 &3.7 140,00 00 &)
015 l.06  0.97 0.88 27.3 15.0 636 1635 o0 im
016 0.6 0,83 085 5.0 15,5 65.0 131.25 00 24
aLT 1,93 a.&h .83 .8 1B.0 &7.7 14600 00 YA |
LA o 0T 077 ¥5.@ 1a.% 63,1 1050 OO0 1A
o b.76 069 p.70  26.0 150 2.5 105.00 o0 1o |
axd 0.8 4.83 0.81 3.3 17.% 63.5 131.2F 20 24
0l .56 0.58 6.55 4.9 L&0 59,7 117.00 oD 3
a3z 0.73  0.49 0.68 23.6 L7.5 65.8 1M.30 o3 za
i | 4.9 4,93 n.99 28.9 18,0 B3.5 1&6.50 0O 14
4 B 0._B% 6.9% 347 2.0 62,6 B&1.50 o0 &
LR 0.6% 0,86 .89 7.8 180 G6.1 1r9.25 0O 2
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