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NBSTRACT

HCGARTY , JAHK Bl ard ! I;'_I]E:B hydrostatic welghi
% M. 5. in M&s: - diae Hehabilitation,

Ep. (M. E, Bukis)

This study compared restakic wetghing (W) at resideal volume (BY],
total lumg capacity (TLC)-dry and TLC-wet in the determinaktion of body
dansity (BD) amd parcent body fat (W8F). Considering the comfort of
the sibmerged 55, ft was the aim of this study to establish a il mathod
which was relfable. Student veluntesrs incleded 44 competitive swim=
mers (26 females; 19 males) and 55 poncompetitive swimmers (31 fenales;
24 males) agas 17-14. Residwal volume was determined by the apan
circuit nitrogen washowt teckhnigue. Ory and wet measurements of Forced
wital capacity (F¥C) and TLC were nh‘l‘.uin&l:l frram all %5 to deternine
appropriate measurement in appiication ta BD and ¥BF calculations.
&1T 55 underwent HAd at BY and TLC. Threa 80 and ¥8F were caleulated
for Sg by applying lung measurenents of RV, TLC=dry and TLC-wat, %55
mited method preference; at RY, TLC or pedither. A 3 way ANDYA with
repeated measures Followed by a Scheffé Potk Hoc Test was uied ta
aralyze tha following varfables: FVC-dey, FUC-wet, TLC-dry, TLC-wet,
BD and ZOF by Hd at RY, TLC-dry and TLC-wet, A Chi Square amalyzed
54 WM method preference. Thers was a sig [p €.01) reduction in FYCs
wek and TLC-wet when cempared to those meaturements dry in 5% combined.
There ware EEFH (p€.01) d5FF between HA at BV vs HH at TLC=dry amd
M at AY ws at TLC-wet (% ¥OF differences = 3.64% and 1.77%,
respectivel in 35 combimed, XBF with HE at BY > st TLC=-wat > at
TLC=dry. &)1 subgroups amd 5@ combined preferred WA &t TLC {p€ .058].
The sig diff Tn HW methods may be due to an umderestimation of RY
during HK at BY and an overestimationm of TLC dUHTE Hd at TLC-dry.
it wos comcluded that B is mot epuiwocal ak-RY L-dry and ‘I'Ll:—mt.
Hd at TLC-wel may be most sccurate in ¥BF detérmination. Previows
research supports the comclusion that pulmonsry siv 't'r-ap.nirrﬂ Was
Ell:jm: or gliminated amd TLC was Lruly represented doring HW at

-uet.
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CHAPTER 1
IRTRODUCTION

Specific physical characteristics have besn {dentified in people
which haye enahled them to achfeve success in the performance of sports
antl physical activities. An area of study dealing with one of thesa
physical traits 15 that of bedy composition {Kerpovich & Sinning, 1971).

Body density and percent bedy fat, idemtified as descriptors of
body composition, have been used to assess physical Fitness amd par-
formance Vevels in khe individual [Cureton, Hemslay & Tibwrzi, 1979).
1deal body fat for colloge age mon and woman heve been reported to be
12 to 15% amd 22 to 25%, respectively (Sloan, 1967; Wilmore & Behnke,
1870; Tuti & Corbin, 1977).

Hydrostatic wrighing (MW}, with the wse of proper aguipment, is
ang of the most popular and accurate technigues of indirectly estimating
body density and percent body fat. These messugrénents are dependent,
in part, on the wolue of air present in the gastrointestinal tract and
the Tumgs at the ties of weighing. Oue to the fack Chab sir adds
buopancy, tha waluse of air must b2 taken inte consfderstian in the W
process [Themas & Etheridge, 1980). The ease with which the subject
aapts to the water enviroement durding the testing procedure has per-
%lsted as a barrier in attainirg 2 precise estimation of percant body
fat (Rrozak, Grande, Anderson B Keys, 1063).



far tu

It has been established that the determiration of hody Fat and
body density by hydeostatie weighing 1= dependent on Tung volume
m=asurements (Brozek, Hemschel & Keys, 1949; Welch & Crisp, 1958; Jar-
rett, 1965; Craig & Ware, 1967; Dahlback & Lundgren, 1972; Pondi, Youmg,
Besmett & Bradley, 1976; Prefant, Lupi-H & Anthonizem, 1976: Sirondala,
Wigwell, Wohler, Romesa & Barnes, 1977; Rabertsan, Emgle & Bradiny,
1578; Thomas & Etheridge, 1980; Weltman E Eatch, 1981}, Mumerous
investigators have focuged their attantiom om the deswelopment of a WY
method using warious Tung volume measurements. These abtempls were mede
to establish a hydrostatic weighing method which was reliable.

Large Tung wolumes, including total lung capactty (TLC). have been
sucoessful Ty employed in HM and alsn appesred to be well tolerated by
a1l subjects tested (Melch & Crisp, 1958; Thomas & Etheidge, 1980;
Waltman & Kstch, 1981}, Two Tumg volume measurcments, residual volume
(EY) and forced vital capacity (FWC}, which comprisa TLGC, have been
researched during HW. Recent studies roestablished esrlier Findings
that F¥[ was reduced when btested with the subject immersed in water
{Bondi et al., 1076; Giramdola et al., 1977; Etheridge h Thomas, 1978),
The best representation of the AV of the subject while fmeersed was
determingd by a messurenent on Tand since thers 19 8 Talas reading of
RYV-wet dus to alr trapping (Dahlback & Lundgren, 1972; Dondi et a1.,
1976), N move accursbe egbtimatdian of TLC at the time of wiighing,

thesafore, may be to measure FUC-wat added to BV-dvy,



It Was the aim of this researcher bo condlder the comfort of thae
subject submergad im the water during WH, This researcher wasz to
consider various spironotry measuraments least affected by imersion
in rolationship to tha most appropriate choice of methodology in HW

procedures,
ita nt of tha Prabies

The problens encountered in this study vere threefold:

1. The most accurate messurement nf TLC, dey as compared to wet,
wak to be determined in relaticn to the estimatien of bady density amd
percent body fat by 1,

2. Am amalysis was to be made comparing the WY results using
TLC-wek, TLC=dry and AY.

3. The most comfortable Tung velume, TLE or RV, for competitive
swimmers and moncompetitive swismers to perform during HW was to be
gubjectively debermined.

motheses

The Tollowing hypotheses were Formulated:

1. There are no significant differences in the measurements of
Til=dry and TLC-wet or FVl-dry and FYC-wet in male end Female competitive
swimmers and noncompetitive swimars,

2. There are no significant differences in the estimation of body
density and percent bady fat By Hd using lumg wolume measwrenents of
TLC-dry, TLC-wet pr RY in male and female competitive swiwmers and non-
competitive swimers,

Lo e




3. There 15 no stgniTicet difference fn preference of Tumg
valume utilized in HW by male and female competitive swimmers and mon-

competitive swimmers,

Delimitations

In referanee to this study, the following dalimitations were dade:

1. Tha population studied were delipited to male and female col-
lege students, competitive swimmers and noncompetitive swimmers, ages
of 17=34 years who attend the University of Wiscomsin=La Crosse.

2. fFarticipants were required to Tast and sbstain from smokimg
for 12 hours prior to scheduled testing.

3. AN subjects were to be Tree of rospiratory disease and acute
pulmonary syptons,

4. Wgorous physical actiwity was avoided five howrs prior to
hydrastatic welighing.

5. To avold fluid retention during menstrustion, Femiles were

tested approximately sevem days price to er after their cycle.

Linjtatfans

The application of the following 1initations mest be obgerved fn
relation ta this study:

1. The subjects were woluntesrs, therefore, a randon sewple did
not exisi,

2, There was a relatiwly small mmber of subjects (M = B)
selected for the pilotl study to determine relisbility of the proposed
methodology of hydroststic weighing.




3. This study was Timited Eo deseribing the attitudes of tha
selected groups.

4, The degree of adaptation to a water emvirvonment may havo heen
varied in the nencompetitive swimer group.

5. It was difficult to determine 4f the breathing maneuvers man-
dated fn the testing were pérformed correctly,

6. A learning process may kave occurred during the testimg pro-

cadure,

Acsumpt fons

The following assumptions were made in relatfon to the scope of
this study:

1. MY subjects porformed the mocessary respiratory Tumction tests
to the best of Lheir ability.

2. AN subfects fasted and refrained from smoking for 12 hours
price to besting,

i1, A1l subjocts avoided vigorous physical activity fiwe howrs prior
to tasting.

&, The attitwdinal response concarning testing motmods was
argwered honestly and to tha bast ability of each sublect.

§, The 2ix Titer amd 1a.o Titer epiraneters measured volume

tgually.

inftinm Tarn

Arehinedes Principle = a hody subsarged in a Muld s buoved up
by a Force egual to tha weight of the fluid displaced.



Body Plethysmograph - an alrtight box encloses the entire body of
the subject and measures gas volume and pressure changes fm the systen
produced by breathing.

Lleging Volume - the terminal portiom of & slow cxhaled wital
capacity that indicates the point at which the most grawily-dependonk
airwaye start to collapse (Kecnarek, ODimas & Mack, 1979, p. 207).

Lompatitfve Syimmer - a persen who 15 trained in the performance
af swimming, = a wember of the University of Witeomsin=La Crosse swim
tean, end has nastérsd Lhe art of rhykhmic breathing,

Density - the mats per unil yolume of 8 body (D = M/V), cxpressed
&= gn/fec.

Forced Wita] Capacity (FYC) - the maximum volume of gas that can

be forcefully eshaled after a maximal inspiration,

Mydrostatic MWeighing (HH) = @ technigue used to caleulate percent
body fat through total submersiom of the subjoct to attainm body volume
based upon Archimedes Principle,

Lurg Woluee ar Capacity-dry - that specified Tumg wolume or

capac ity measured on Tand,

Lung Yolume or Capacify-wet - that specified Turg wolwme or

capacity maasured im water with the subject immersed 1n water to neck

Tewal.

Boncompetitive Swipmer - & person who may sot swim et all or who

is wntrained im swieminmg, The individusl has never bean a nmember of a
wim toam and has not completed the Tevel of Advanced Life Saving sc-
carding to the &erican Red Cross.




Farcent Body Fat = that percentage of total body weight which fs
composad of adipese tissue as determined by HW and the percemt bady fat

formula (Brozek, Grande, Anderson & keys, 1963),

Residyal Walume (B¥) - the amount of gas remaining in the Tung
after a maximal expiration,

apirpmeter - & davice which measures exhaled pr inhaled alr volume
per mnfit btime.

Total Lung Capacity {TLC) ~ the wolume of gas contained in the Tumg

at tha end of a maximem inspiretion.




CHAPTER 11
REVIEW OF RELATED LITERATURE

Introduct on

Hydrostatic welghing has been established a5 3 swccessful means
uzed by mamy investigators to estimate bady densaiiy amd percent body fat
iKakch, Michasl, L Horvath, 'IEE-'”. Improvémentis in technigus have bBeon
made, as tha control of fintervening variables were studied. Factors
influencing HW results include &fr in the lungs &nd gastrointestinal
(1) tract at the time of weighing, Much contreversy sti17 exists amoeg
resdarchers in this field relative to the effest of these nfluencing
factors in relation ko the most precise determination: of body Fat and
density (Weltman & Katch, 1061}, The results of studies pertaining tao

those factors involved in HY will be discussed fn this chapter.

Hydeostatic Estimation of fody Oansity and fercont Body Fat

Tha calculation of the proportion of fat to other tissues in the
body has been achiewed thraugh the meassrement of body density.
Arehinedes Principle deffmas body density as the relationship of hody
wodght per wnit voleee. The principle states that o body submerged 10
a fludd iy buopad up by a force egual to the weight of the dizplaced
fluid (Behnke, 1961). The application of the Archimedian Principle of
witar displacemant has been weed in hydrostotic wedighing for the
determination of body density amd percemt body fat.

B
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Irvestigation by Goldman and Buskiek [1961) Ted te the derivation
of a hody demsity Tormula, The weight of the displaced water was equal
to the difference botween the weight of the body in atr and the weight
when submerged, They imdicated that & correction factor was needed far
the depsity of water displaced by the body. They also vecormended that
the water temperature be clase to thet of bedy temperature (35-36°C),
In recording Lhe wakter temperaturs and applying the relating demsity
value, the following equatfon was derived:

"‘.n equation (1]

uhere:

0 = Density of hody

Mg = Mazs of body 1n air

W = Mass of body in water

By = Densiky of wator (Goldnen & Buskfrk, 1961)

Azsuming the derived equation was correct, the accuracy of HW
nethods depended om the abdlity to deternine or 1imit the wvolume of alir
in the gastroimtestimal {G1) tract emd to assess the wolume of air
present in the Tumgs at the Lime of undérwater wofghing. These gases
add beoyancy Lo the body and 1f unaccounted for will undarestimate body
density (Themas B Etheridge, 1%50). On the basis of the findings of
Bedell, Warshall, DeBois, and Warris (1558), the value of 100 mi. [ETPS)
can be used in the eguation to corract for afr in tho GI tract. This
is dome in order bo provide & more valid estimation of body density on

the average. The amount of alr in the G1 tract varies in each

o S i
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individual but Tt should mot eacesd 300 mi. 1f the subjeck 15 wofghed
after fasting for 12 hours (Goldwam E Duskirck, 19617.

The remaining gas In the Tung was determined and spplied ta the
formuila for body demsity, Although controversy existed concarning BY
&5 the best sulited Teng volume measurement, BV amd the &1 adr wolume
ware applied to the Tormule which staled;

§ H equation [2)
H_'F.T‘E'___n =

_E;I_. - BV - .1 L.
(Buskirk, 1961)

Lonversion of Sody Dessity to Percemt Body Fat

Sewaral formulas exist for predicting percent body Fat from the
caleulpted body density, Duwe to the inability of researchers to agree
an the exact density of lezan body mass and adipose tisswe, the Tarmulas
are alighly varied. Four popular formulas arve presemtod,

Rathburn and Pace [1945) explored the fat content of guinea pigs
and determimad the specific gravity of fat and fat free tissie ta be
0.%18 and 1.0, respectively, The following formula was derived:

5. 640 5,084) x 100 eguation (3]

% Fat = ﬁm -

Keys and Brozek (1953) criticized the devivation of fha spocific
gravity walues used in determining Eha forsula by Rathbuen and Pace 1n
1945, After studying the demsity of fab §i men, women and variouws
antnals, Keys and Brozek [1953) reported s density value of 0.90074 far
human fat at 36%C, This information emabled the development of the

following formula Tor predicting fat parcentage §n humens:

2 L.200 uation (4)
% Fat :Hﬂmﬁ 3,813y x 10 B4

SN
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Later Siri (1961) stated that a fat-free body should be wsed in
the divelopment of a corversion Formula. HWe determined the values of
1.100 lean body wass and 0,900 fat would be emploved n the developnent
of his Formula:

= 4,06 3 equation (5]

In 1963, Brozek, drande, Anderson ard Keys established a mora
accurate pstimation of body compositicm through amalysis of bedy
corpartments and chemical compoments, Thefr research replaced the
“reference mon®, for weom fat content was assamed, with a "referance
Bady” of known composition. Chemical analysis of three male cadavers
wasi usied in defining the “reference body" with a donsity of 1.064.
Theza researchers also used mew Information concerning the density of
"eell residue” which s free of fat and extracellular water. This
enmabled a more correct partition of "obesibty Lissuee" and a botter
estimate of fal content. They computed o fat density of 0.915. Ap-
plying this mnew information to & body fat formula resulted in tha fol=
lewring :

% fat o (et il - 0.002) x 10 equation (8]

In spite of the disagresment between researchers, a high correlation
of 0,895-0.%90 axists betwoen the Formulas predicting percent boddy Fat
even though the actual walues vary (Wilmore E Defnke, 196%), The
farmulas most often applied 4n wecomt research are equations 5 and &
by Sired {1061} and Orazek e al. (1983), respectively.

Aeeording to Sirl [1961) the standard deviatfon of 2 0% represents

the @rvor in pradicting percent body fat by 1M, This percentage of error
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may b due to technical d1FFlculties in measuring body density. Mormal
varfahfl ity in body comstitwente and the encartzinty in astabiisking
the corpositions of adipese tissue alse eontribute to the percentege
of error, Predicting percent Body fat {5 alsa Timited by the
“referance man" reprasenting frue averages for the subjects to be
tested, Am additional source of error may be from the determined

resfdunl yolume wsed fn the HW calculations.

Lum Tumes Influsncing HW Resuits

The Yargest debatable factor has remained in the area of assessieg
the appropriata wolume of afr in the lunge durieg HW to ascertain the
moat eccurate neasuvemént of body demsity and percent body fat, Thea
hydrostatic pressure effect on varlous Tumg wolumes has been stwdied.
The suitable method and place of measurament, dry versus immersed, are
alen factors which kave been anniyzed. Speculations hawve been made,
baged op tha Titerature, with regerd to the most comfortable Tumg wolume
pertformad in the HH process (Weltman L ¥atch, 1981%.

Resicun] Volumg (RY)
It hat B=en Jetermined that the accwracy of HY 15 dependent on tha

appropriate Tung volume measurement. Oue to Ehe incraase in préssurs
applied to the thorax when immersed in water, 25 15 the case in HW,
significant increases and decreases haws been foumd 1n Turg valomes
and capacities [Carey, Schesfer & Alvis, 1956; Jarrett, 1965;
Pgustnm, Gurtner, Torrf & Rahn, 1966; Crafg E Ware, 1967 Wong,
Cerratel 1, Cruz & Rahn, 1969; Prefsul et al,, 1976; Robertson et al.,
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1978). Residual wolume was indicatod as being the Teast affected by
hydrostatic pressure and 15 easiest to reproduce fn amd out of the
uater (Welch & Crisp, 1958: Girandala ot al., 1977). A5 a result of
these Tindings RV has been esployed as standard practice in WW pro-
cedures,

Studies comparing FV-dry and RV-wot reported conflicting results.
Changes im AY a5 a result of water iemersion would affect the calcula-
tions of body density as measured by Hd. A nunber of findings have
imdtcatad that RV decreased 4-17% when measured dmnersed (Brozek et
al., 18449; Jarrett, 1965; Agostoni et al., 1966; Bomdi et al,, 1976;
Bobertson et al., 1976; Sowka, Weber B Krowltos, 1978%. Other dn=
vestigators have found no significamt chamges in RV when immersed
(Caray ot al,, 1956; Crofg & Ware, 196%; Prefout et al,, 9. In
contrast, Girandola et al, [1977), has indicoted that RV incressed by
£.7% when measurcd Immersed, Althowgh the reswulis of Carey et al. (1966],
wore rot statistically signiricant, & 54 Increate in BV weas absersed in
the water, Lawther (196%) found a significant increase (221 ml) in RV
in the water with a group of subjects similar in sge to those used im
Ehis research study.

Severa] reasons Tor the decrease fn AV have beer proposed. There
is an 1ncrease fn intrathoracic fluid as there 45 & contral Blood
shift imposing o restriction for Tung expansion {darrett, 1965; Bomdi
et al., 1966}. An increase of 20 em Hy0 pressure 18 applied to the
thoraxs when fmsersed to neck Tewel [Craig & Ware, 1067). The
dispbiragn and shdominal contants are displaced towards the head when
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the Tndividual is tmmersed (Daklback & Lundgran, 1972). These fackors
may raduce AV Im the water by direct compressipe, Mumercus researchers
[Agostond et al., 1966; Dahlback & Lundgren, 1972 Baredd et al., L976;
Robertson et al., 1978) mentioned that false readings of a docrease in
¥ may ba due fo adrway clasure resultivg from penling of blood in tha
thorax, This poaling of the bload 1s thought to cause a swelling of
biood vessels which then nervows tha afvwoys. Measworenarts of BV by
ges dilution ware lowar than the actuwal wolume frm the Tung, The col-
Tapsing airways iphibited complete gas wixture and iepeded air from
exiting the Tumgs |Dahiback B Lendgrom, 197%; Bondi ot al., 1976;
Rabértson at al., 1978}, With this in wind, Rebertson et al. [LO7E]
supgested thet RV measured an land may be a more accurata wepresanta-
tion of actual AV during lmmersien.

fn fncresse in B¥-wet ac measured by Glrandala et al. (1977) was
foumd secordary to "stiffmess" of the Tung tissue cavsed by pulmonary
vagcular epgorgensnt, This pulmomery congestion alse caused increasod
afr trappirg raising A¥ [Daklback & Lumdgren, 1972),

Prefapgt et al. (1976) amd Robertsom ot al. {197P8) concludad that
RY was not chamged by imnsrsion. According to thess wesearchers,
hydrogtatic precsure which tends 1o decvease RV is counterbalanced by
the vascular congastion that tends te fecrease RY during femersion,

Hathadology of measuring BY has &lso been suggested as o possible
explanalion For chserved differences. Some irvestigators using the
same mEthods of measuring RV sti11 reparted conf 11cting resuelts
(Bfrandola et &1,, 1977), Using Rhe cpom=circuit nitrogen dilution
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methad to determdee BY in the water, Brozek et al, (1949) found
decraasas in BY while Lawther (1969} reported substantial imceeases 1n
Rv. Zimilar conflicting data wore reoported using the 3-Breath nitrogen
dilution method {Carey et al., 1956; Agostomi et al., 1966}, Ohserving
the inconsistent reports, it was concluded that the technigque of
measuring BY was mot the causa of the discrepancy [Girandola et al.,
1937},

Cloaing Yolume (C%] and Pulmsnary Alr Trapping

Clasing volume, an indicater of airway collapse and subsequent
air tropping, was shown to be sfgnificently increased (81.3%) by adding
amd removing tourniquets to the 1imbs during fmmersion. These Findings
indicated that blood flow to the thorax result in imcreasad closing
woluee and air trapping {Bondi et al., 1976). Mobertson et al. (1978}
determined that afr trappieg was vesponsible for the 200 ml. diffarence
in AV measured immersed by gas dilutfon and plethysmography. Ale trap-
ping 15 also known to be move pronounced in old age (Amthonisem, Dannom,
Robertsan & Ross, 10649).

Closing volune was peasured at different lumg wolumes in B0 Btbenpl
to indicate that wolume which eliminated air trappimg, when measured
immersed, as a limnitation in H¥ results (DakTback &k Lundgren, 1972},
These investigators showsd that when immersed in water, 148.5 nml, (3,33
af WOY was the smount of aie trapped in the Tungs measured at BY plus
54 of YC. Residual wolume plus 12% of VC resulted in 1.B% of ¥C air
trapping. The most afgnificant outcome was Bhe measuresant st RV plus

Z0% which produced only 1.1% of ¥ afr trappimg. These researchers



deternined that air trapping would npt be pliminated until Tupg wolumes

incroased,

Forced Vit 1t

Considering the use of a larger lung capacity im the MW procedure,
FVC was reviewed. Forced wital capacity, which conscitutes approximataly
8% of TLE (Kacmawak, Dmas & Mack, 1979) showed mo significant change
when moasured immersed by Carey et al. {195&) and Homg, Ting and Rahn
(1960). Further rasearch supported evidence to the contrary and found
FUC to decresse significantly by 260 ml. (90-95%) when messured
immérsed (Crafg & Were, 1967). Similar reswelts found by obthers, wern
attributed to the hydrostatic prassure, equivalent to 20 cm H,0,
Vimiting maximem inspiration (Agostond ot al,, 1966; Homg et al., 1969;
Dahlback & Lundgren, 1972; Hondd et al., 1976; Prefaut at al., 1076},
Blood shift of 700 ml. into the thorax has been estimated as Ehe
predoninant factor for reduction of FWC during fmmersfon (Agostont et
al., 1966; Hong ot al.; 1969). This wiow was also supporied by
Robertsom et al. (1578},

Total Lu i
The total lumg capacity I:TLE]' measurament 15 infleenced by Findings
concerning RY and FUC as it 45 the sum of the two. The problem of
pulmonary air Lrappisg, which occurs whem performing AY in the water,
cof be reduced and possibly eliminated with the substitution of large
Turg wolumes [Dahiback & Lundgren, 1972; Thomas & Etheridge, 1980},
Subsenuantly, the most recent study used TLC-dey &8 the Tung

vilume measurement of chodco in HW (Weltman & Katch, 1%81). Resulls
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showad that body composition parameters were gigrificantly diFferent
hetwmen HW at BY and W4 &t TLC-dry. Although resolts were
statistically significant, HW at BV and TLE=dry were negligible as the
results were within the measurement ervor associated with the WM tech-
nique {Brozek at al., 1963}, Total Tumg cepacity has been Pecommended
a5 the methad of cholce bocsuse dapendability was achieved and 2 low
lewal af disconfort 1n performance by the subjects wat chservad. The
sugaestion was madn that TLC-wet may increase the accuracy of the HW
technique {Weitmen B Kateh, 1981).

% gf rin 1

nameir
e spiromuter is a topl which simply amd accwrately moasures
forced vital capacity [FUCY. ATthough there asre many physinlogical
moasuraments available from spirometry, for clinical purposes the most
useful measurenent was found to be the forced expiratory spirogrem
{Shogn & STy, 1980; Burkd, 1981),

Gos Dilutiom Technigues
The helim diletion end nitrogen washout techmigues have besn

vaported to be relifable iedivect methads to measure TLE and AY in
subfects who did not have avidemce of airway obstrection (Wilmors, 1968;
Melride & Wohl, 1979), These technigues are dependent wpom normal
distribution of ventilation in the Yumgs, Residuai yolume and TLE may
be underestimated when afrway cbstruction {5 presemt. These methods
wave particularly useful for those wnable to understand or cooperate

with plethysmography (Mclride & Wohl¥, 197%].



Wllmore (1969) determimed that the indirect method of open=
eircuit nitregen washout, being valid asd roliable, substantially
reducad the time necessary for a single BY determimation. The subjects
braathe 100% oxygen at opproximately two-thirds of their maximal capa-
city which allows for a greater exchange and mixzing of the gatas within
the lungs. The btotal of &-B breaths are needed for a nitrogen eowilib-
riun o be attained between the braathing bag and the lumgs., Nitreogen
concentrations are recorded st initiation, eguilibeium and termimnation
of the breathking period, These concantratioms ave used in the formula
to calculate RY. This Eechnigee makes 1t possible for |I|.I|:|'|1|:JI'.E EY
detprminations in a short perdiod of time.

Mary studies involiving the measurenent of Tung wolumes iemersed in
wator versus lamd have been performed Eﬂrnzel ek al., 198%: Walch &
Crisp, 1988; Girvandola et al., 1977; Woltman & Katch, 1981). The
majority of these studies used the mitrogen washout teckmigue ower bhe
haliun dilution technique [Agostomi et al., 1066; Wilmorn, 196G
Dahlback & Lwundgren, 1972; Prefawt et al., 1976; Girandola et al., 1997,
Weltman & Katch, 1981),

Rady Plothysmogeaph
This mothod requires the subject to be sealed fn an alrtight

chanber which i3 connected tp a spivgmater. Tha subject breathes ta
the gutside of the box through a mouthpiece. The TLu and BY 15 cal-
eulated by measuring Ehe change in pressure at the mouthpiece and the
volume which the thorax: sxpamded. Tha chest expansion 15 m2asured as
sn inereased plethysmograph walme. Plethysmography has been ectablished

a5 the most accurate in tha determination of TLC and RY in the presence
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of alrway abstructian. This nethod was wsed fn the determination af
clazing volume and pulmonary alr trapping whan lueg wolumes wers
measured immersed, hecause 1t can detect any amount of trapped air.  In
comparizan, the heltm dilution and nitregen washout Sechrigues were
skwm to ke insensitive to a small volume of tropped gas which cawsed a
false Tow reading of AV (Robertson et al., 1978).

L Wi Method Prafer ] 4]

Submercsian in MH has b=en observed to kave a psycholegical effect
in some individuals (Brozek ot al., 1949}, Thers was a moderats degren
af ansiety inhibiting exhalation. This was moted os o factor determin-
ing the effect of swubmerdion om residual &fr volune,

walch and Crisp [19538) sugpested that im determinimg body density
by HW with untrained subjects, measurements taken with the Tungs entirely
fi11ed with afir wou'ld be preferable. Thiz method would appear to
aliminates the psycholegical offect phserved by Brozek et al. (1849,

The aubject would be mare at esse and the tester would hawe more time
to obtain the underwater weight which elintnetes some of the iReccuracy
that ccocurs with untrainéd subjects.

Lince vecant studies revealed Targer lung wvolumes ko be appropriaste
in MW, a practical standpoint was taken by rescarchers when they sug-
gested wiing larger lung volumes after observing Lhe subfects they
tested, There was leds scale Fluctuation and the number of trials to
nbtain hydrostatic weight were reduced with the relisbility from ten
trials with AV to cnly thres trials with TLC [Weltwan B Katch, 1081).
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Wekthods of

Hydrostakic walghing at RV and TLE heve been discussed., Othar

mebhods have been used by rescorchors and are reviewed,

Sporkal Areathing

Batch et al. (1967} underwater weighed subjects wsing a common
ewimming smorkel with mouthpieca to &l%ow for breathing while submerged
until the subjects were relaxed and Tittle movemant of the scale was
observed.  Undarwater weight was taken Following mexfmal exhalation and

held for about 5 seconds.

RY Plus 1 Liter

Jensan (1979) weighed children wnderwater at the Tewel of BY plus
ane Titer of alr. The subjects performed & maximal exhalatian fnto &
mouthp'lece sttached ko & two-way stopeock prior to submersion. A smalll
rubber breathing bag helding one Viter of alr was stfached to the stes-
cock. After exhaling maximally the swbject was allowed to dnbale the

opne 1iter of afir and submerge.

Breathing Valve
Hydrostatic walghing was performed at Tunctional wesidual capacity

[FRC) and BV using a specialired valve attached to & spiromeber
[Thomas & Etheridee, 1980). The subject was able to breathe room alr
through the valve while submerged. When the test began, the yalve was
turped inta the attached spirometer. The subjects' normal respirations
were monitored to establish FRC and 3 to 5 trial weights were recorded.
The subjfects then exbaled through the valve maximally and weight was
recorded at RV.
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Lanclysion

Body density and percent body fat have bean used in the assessment
of physfcal fitness levels im men and women, Formaias heave bean derived
in coleulating these components which fncorporated recording bady weight
by hydrostatic weighing. This measurement was found to be dependent
on the amount of air In the lungs at the time of HY. Two areas of
controwerdy cantimie to be: 1) the appropriate andfor accurabe volums
to uwsep amd, 2) whether that voluns was to be measured on land or 4
mersed,

Most authors have agread that lumg woluwe messurements differ when
measured on land amd in the water, The effect of water immersion
praduces pulmanary air trapping af the A% level. Alr trapping is
eliminated at lTarger lung wolumes., This might fndicate a mensurement
of B¥ to ba perforned on land. To assure accurate W results, afe
trapping must be minimized 1F not eliminated. Recent 1itoratura has
indicated that Targar Tung wolumes wsed in HW, rather tham snmaller
volumes, reduced afr trapping cignifieantly. The appropriate measure-
meat of large Tung volumes may be best repretemted at HY whon neasured
Tersed,

Hydrostatic weighing at Targer lung wolumes, swch as TLE, may
reduce aneiety in the untrained subjects. The subjects may feel nors
confortable with #e at TLO than at AY. A more accurate reading may be
taken by the tester with the decreased scale fluctuation at TLC.



CHAPTER [IT
METHOOS

I tion

The subjects employed n this stedy ore describod according to age
and physical characteristics. Testing procedures are explained for all
measured variables, The statistical treatment of all collected data

are discussed in this chapter.

Subfect Selection

A total of 48 competitive swimmers [25 Females; 19 males) and 55
nenconpet itive swimers (31 females; 24 males) voluntesred to astablish
the reliability of HH at TLC-wet. These subjects ranged fn age From
17=3% years amd wore students at the University of Wisconsin-La Crosse.
Prior to testing, subjects were asked if they were suffering from amy
acute pr chrondc respiratory 11Tnesses. Those complaining of acute
symptoms were rescheduled for testing at a Taker date. One subject
suffered from chronie respiratory dizease, asthma, and was eliminated
from the study, At the time of testing, all subjects were coneidered
to be in gond health and Fréo of any respliratary affiletions,

To ostablish the lumg wolume Eechmigee as preferved by subjects
a5 wall as the most accurste for dotermination of body dengity and
percont body fat, 1t weas nocessary to salect individuals who were well
adapted to the water envirgnment zs well as those who wers mot, Far



k]

this reason bwo graups, competitive swimmers and noscompetitive
swimers, werg formed to sublectively analyze testing styles. The com-
petitive swimmers wereé penbaers of the university swim team and the mon-
compit {Eive swinmers were efther umable to swine or were lower lewal
swimeers with the inghility to compete. Participants were ramdomly as-
signed to the order of Tung swolumes performed, BY and TLC, during tho
b procadures. The subjects were informed of 811 procedures and poten=
tia? hazards. An informed comsent stabtemant was sigoed by all subjects
prior to any testimg (see Appendix A).

ImEt tation and Procedered

Pilat Stu

A pliot study (N = 6] was comducted to determing the test-retest
rel{abiTity of the HY at TLC-wet., Subjects were similar in phyaical
cheracteristics to the subjects §m this study. ®Resolbts of this pilat
study are included in Chapter IV,

Spivgmeter Calibration
Two spirometers, a six Titer Collims Witalopeter (mode] nunber
F-BO0) aml 13,5 Titer Collins Nespiremeter (model munber 2136) were
wied i calibratieg the AV apparatus and seeduring FUC, redpecklively,
The spironcters were £111ed with water wmtd] the Tewal registered half-
way up on the water level gawpe. The imvestigator introduced o known
volume of air, four 1ters, frem the six Titer spliremeter fmte the 13.5
Titar spirometer vla connecting tubiemg, Four Titers of afr alszo
registerad an the 13.5 1ter spirometer indicating calibration between

the twn spirometers when water Tevals were sccurate,
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The RV was determined through indirect snalysis by the opan=
circuit nitregen washout technique [Wilimore, 1960). Residual wolme
apparatus 15 pictured fn Figure 1.

The six 1iter spirometer was employed in measuring the volume of
ouynen ta bo wsed during the trials to determine BY. Ten sampla
velumes wWere introduced fnto the spirometer at a 8.6 second settimg time
for calibration purposes. This volume of pure sxygen wat then introduced
inta a fve Titer rubler bresthing bag by cpening a two=way stopoock
v lve Tocated at the bage of the spirometar. With the bag wacuum free
of atr, the paygen passed theough the valve imto the bag Fi1ling it wilth
the calculated volume, The beeathing bag wes then mechanically vacuumad
of all gas conténts. The fleshing of 100 oxpgen followed by wacwming
af Ehe bap contents was performed 2-3 tined to agswre the purest con-
cantration of oxygen possible. After this procedure the walve to the
miygen equipnent was ¢losed.

A Collins Introgen Analyzer (made]l eumber 21232] contirupusly
manfitored The percent of nitrogen in the ingpired and expired air.
The analyzer was placed at Ehe distal end of the rubbor bag betueen the
two-way breakhing valve and subject's mowkhpiece. The resolution of
this system wos 0. 1% nitrogen with a Feadort accuracy of 0.1% nitrogen,

The intent amd testing procederes were first explained to the
subjact. The subject was to perform the breathing maneuvers ko the
kst of his/her ability. [t wes erphasized that the effart put forth
was important im gaining proper readings of BV which affect the estima-
tiom of body fat., The test was sdninfistéred in the $itLing posibtiom
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Fligure 1. Residweal Volund Apparatus
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on Tand similar €o the posibion assumed im the HY procedure. After
asgunfrg the sitting position, nose clips were secwred on tho mose and
a mithpiece was placed in the mowth of the subject making & tight s=al,
After threa or four normal Brosths with the walve opes to room adr,

the subject was instructed to inhale desply and Ehen fully exhale. At
this point hefshe was to top the toster®s hand which was Tocated on the
two-way valve. Immediately the fnftial alveslar nitroges cancenlration
1"“2:' wat noted and the valwe wps closed to conmect the gubject with
the breathing bag f11led with oxygen. The nitroger concentration in
the oxypen was agaln recorded after the subject's first bresth from bhe
bag (IH,]. This demoted the fmourity of the axygen.

The subject was then Instructed to iphale and exhale at sbowt twno
thirds of hisfher maximal volume, at &8 rote of ona breath evary thres
secands.  The tester made wisual cbservation of the continuously
decreasing oscillations in the nitrogen percentage of the inspired and
eapired alr,  This allowed for B Tafrely precise estimation af the
gstabliskment of & concontration equilibriwm. This was attolead nfter
§-10 breaths and vocordad as the midpoint betwsen the eqguilibrium range
(Ety).

AL this poimt, the subject was told to dmeediately take a mawimal
inspiration followed by a maximal expication. The subject indicated the
peint of maximal expiration by tapping the tester's hand Tocated an Lhe
two=uay valve. The perceni of nitrogeén at this point was then
recorded (Fig).

After two minutes of noreal respiration followed by & ninute of

modarate hyparventilation the suhjsct reprated the entire procedure,
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Tha trial best performed by Ehe subject was wsed In body density
calculations. IF thare was a difference of greater than 60 mls, betwesn
trials a third trial was perfarmed, The highest value of the bwe
clogest trigls was veed. Residual volune wes calculated by the formula
cited by Wilmore (1569 preésented in Appendix B,

Tatal Lung Capacity Dry and et

Total Teny capneity dry and wot wore obktained by firet attaining
the FVC on Tand and agadn immersed in weter o khée neck Yéwel, These
resulfs then added to the RV previously calculated TLC-dey and TLC-wek
at BTPS. & Collins 13,5 liter Respivomeier (model nunber 2136} was
used to record thres trials af FYC-dry and three trfals wet,

The imtent snd purpose of the FVC tests were explaimed to the sub-
Ject, Agaim it was stressed thet 1t was fmportamt For the subject to
put forth the best effort possible to assure the best results. The test
was performod in the seated position on lond and agaip in the water. A
stabilized chair was necessary in supporting the subjects during the
{mmers lon measurenant.,

The subject was cested al the spiromeler with a nose clip secured
to the nostrils and & moutbpiece that was conneclted to the splrometer
wat pleced in the mowth. & tight seal was made with the Tips srownd the
mouthpiece, At this point, the subject was instructed to fnhale ac
deeply as possible and, when a maximal fnspiration wes reschad, a rapid
and complete axbalation was made. Encourspesent was given to continua
Blowing air out as Tong &5 possible. Upom completion the subject was
given & rest peried of up to 2-3 minutss between the three trials, A

M
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vertical Tine drawn by the spirometer indicated the volume of air which
displaced the spivomater deun.  The length of the Tine was conyertsd
toe a caloulated walue of FVC (Kory, Callshan & Porem, L961; Moreis,
Foski & Johnson, 1971}, The maximem walue attaimed was tha FUC

racorded,

Hydrostatic Woighimg
Bedy demsity and percent body fat wewe assassed by HW. Each subjecl

wag welghed on & Continemtal Health-0-Heter seale (model mumber S000LEK]
on Yand amd weighed underwater in a 4 x 4' x 4" 5.5, Hydrotesting Tank
{mode} mumber 05771} om & ChatiVlon awtopsy scale (mode] nunber 8-2096]
pcourate to P35 grmms, Water temperature was mainteined betwean 33% and
189 .

Subjee’ s were weighed by two different méthods of WY, Oow method
used RY and the other wsed TLC for the deternination of body dersity amd
percent body fat. Subjects were randomly assigred to the order of HW
method to be performed. The sebject's welght was assesgsad by both
metheds Tn 3-10 trials until 3 identical recordings were obtained im
successfon (Ratch et al,, 1967; Weltman & Katch, 19613, This value was
usgd a5 an estimate of the underwater weight foar body density determina-
tion,

The subject entared the water fank by the ladder and assumed a
confortable sitting position. Instruction was given ta rid air trapped
tn swimming apparel. A weighted belt was placed scross the Tap of the
subject, HKose clips were secured to the noge. Emphasis was placed on

perforning the respiratory maneuvers to the best possible ability.
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ubfects were asked to move $Towly while sittimg in the chadr to decrease
scale fidctuation due to buoyancy. Holding onto the sides of the zeat
for support, the subject was instructed to fmhale Bhen exhale as muck
air o5 possible, When this point wae reached, the subject bent slowly
forvard &nd conpletely sebmerged 1n the water. Breath was held untl

the signal, @ knock on the tenk, was given by the tester to brimg Ris/
her head sbowe water and wvast. This torminated one trial of HW at RY.
Pople rest time was previded between trials umtil 3 fdentical weights
were rocorded §n succassion,

The TLL method of Hl was achieyed by asking the subject to inhale
maximally befare submerging. The swhject hent slowly Torward and
completely submerged under the watew. The bresth was held sgain until
the same signal, a knock an the tank, was given by the tesier to come
ghove water and rast, This terminated one trial. Ample rest time was
provided between trials mtil 2 idantical weights wore vecorded im sue-
cassion,

The weight of the chafr with the weighted belt, measured by the
scale readifg prior te Eésting, was subtracted from the observed weight.
Rocordings were made on the data colilection sheet (4ee Bppendix C).
Threa values of percent body fat and three values of body densiby wers
caleulated Trom a standard foroula [Brorek et al.. 1963) by application
of lung mEasurements BV, TLC-dry and TLO-wet. #&n ovple rest perlod of
3 or more minutes was individually deterninad and saparated the two
nethods testad.



Subective Evaluation of Methods

it the completiom of &11 testing, the sohiect was asked to raspand
tp a question Eruthfully and to the bast of Bisfher ability, Hefshe was
asked to state which hydrostatic welghing method was most comfortasble
and preferred; the RV or the TLC mothod. He/she could alse respesd with
ne praference heétwoen methods, The subject indicated his/her response
in wreitfmg on & sheet of paper, Hefsho also was asked to state a resson
for hisfher praferenca,

Statistical Traatment of Data

itandard descriptive tochniques wara usod o deseribe the subjecks.
A2 w2 x ] ANOVA with sex, group snd method wes used to analyze col-
Tected date on body density, percent body fat, FNC and TLC. A Scheffe
Past Hoc further amalwyzed these data, Chi Square ar:Vyzed subjective

praference of methods.




CHAFTER 1V
RESLULTS AMD DISCUSSION

Introduct ion

The purpose of Lhis study was to determine 1F the technique of WU
at TLC was equivocal to W at RY in the deteraination of bedy demaity
and percent Dody Tat. The study also was to differentiate betwesn the
measurenerts of FWC-dry and FVC-wet as components of the TLLC hydwostatie
waighing technigque. Also, 1t was of interest e ascertain iF body density
ard percent body faf measurenents differed between sex, wmethod of HW amd
subject group. In addition, personsl preference of HW method was
tabulated for each subject, This chapter 1ncludes statistical analyses
of the data collected from the MY techniques and Tung volume measuremants.
A discussion of the possible factors which influsrced tha body density,
percent body fat snd Twng volume results is alse fmcluded in this

chapter,

§gg|ac1:5

The subjects involved in this study wers 25 female and 19 male
compet itive swimmers; 11 female ond 24 male nomcompetitive swimmers
whosa physical chavacteristics are described Wn Table 1. The two dif-
ferent groups and seags were chosem to determine iF HW at TLC-dry or
wet was equivocal ko Ehe RY method of HW for sach subgroup, Thesa
subjects, repreésentative of many Tevels of swimming ability, alse
indicated their methed of prefarence for HK.

3
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Table 1. Wean and standord deviations for age and physical
th:l‘attl!ri!-til:i of 99 corpetitive and noncompetitive
suimmars,

Height  Wefght

Zuhject Broup SEx ] [yrs) =] (kqg)
Conpetitive Swimers F 25 19,24 168 63,88
1.52b 5.7 8. 704

Roncompatitive Swimoers F a 2.0 164 SE. 12
116 .0 T.330

Competitive Swimmors M in 19.8 180 7. 41
1.0 1.4 1.715

Honcompetftive Swimmeors M 4 1.3 Ire .74
2.05 .4 10,6497

:!-Ean.:
Stongdard Qeviations

Pilot

A Pearson Product Mowent Corvelation was wted to detgrming the
test-retest veliability coeffictents of AW, FVC-dry, FUC-wet, TLC-dry,
TEC=wpt, body density and percent body fat measurements during a pilot
study (N = &) prior to actual data collection. Three messursnents of
body demsity and percent body fat were obtaieed by the methods of HW
at BY as deseribed by Goldnan and Buskivk (1961), and HN at TLE as
described by Waltman and Katch (1881) with application of TLC-dry and
TLE-wet. The corvelations for a1) measurenents were at follows:
o= 0000 for AY, ¢ = 0.9 For FYC-dry and TLC=dry, v = 060 for PVC-wet
ind TLC-wat, r = 0,99 for body density amd Fat by WM ab BY, » = 0,97
for body donsity and fat by W &t TLC-dry and TLC=wet, Correlations
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were high which may be partially des to the actual procodure amd
aepsurengnts a5 well as to the degree of axpertise which this researcher
acquired firom previous experience in hydrostatic weighing. Regardless
of reason, the techmiques were shown to be reliable.

Lung Vol Maasar £

The means and standard dewiatioms of RV, F¥(-dry, FVC-wet, TLC-
dry and TLC-wet for all subjects sre reparted in Table 2,

Rasidual wolume was measured on land a5 suggested by Robertsem et
a1, (1978). Studles Wedicate an inaccuracy In BV when neasured during
imnarsion {&gestond ot al., I966; Daklbeck & Lumdgren, 1972 Bomdi et
al,, 1976; Robertzan et al., 1970). 1t was determined thalt promstirs
airway closure cawsing efr trapping occurs when performing BV manouvers
while {mmersed. Heasurements takem during fwmersion are not considered
to be sccurste des to the collapsing atrway impeding the necessary miz-
ture of gases far analyiis amd preventimg alr from exiting the Tungs on
axhalation (Bomdi at al., 1576; Robertson, ot al., 1978). This
indicates that BV, wher performed during Ferersion, may actually be
underestimated and Influences the detarmination of body density amd
percant body fat by HW st BV,

[m referring to Table 2, Figwee 2, and dppoendix D, corporiscns were
made of FVL and TLC measurements bekh dry and wet for all subject groups.
Computer analysis of this data, recorded im Tehle 3, revealed no sig=
nifieant differences {p3 (06) between sex and subject group, mathad and
subject group or method, subject group and sex for FUC amd TLEC measure-
mapts.  There ware significamt differences tn FVE botween subject growps



Table 2.

Hears and stamdard deviations of Tung wolume measuremants.

Forced ¥ital acit

Total ng %mitg
Ley

Subject Eh:n.rp i firy Kek Diff. Ory et Diff.

Competitive Swimmars 5 4.504 £.737 0.#71 5.9497 5.221 0.#71
0,785 0,701 0. 770 0. 500

Roncametitive Swimars 1] 4,108 1.4910 0.19g 5.174 4,975 0.1ag
0,478 0.450 0,553 . 527

Total Fenales 56 4. 237 4056  0.231 5,316 5,085 0,231
Q.65 0. 593 0.671 D612

Corpatitive Swimmers 19 . 080 5.760  0.32% 7.319 . 980 Q.x530
" 0.E33 0832 0.358 0.858

Noncompetitive Swulmers 2 5,592 5.3%% 0.366 7.00% G, 522 0367
0,853 0,690 0.835 O.E14

Total Males 43 5.868 5.517 0,351 7.148 6,796 0.3680
{0,755 0,732 [.851 D.BLF

Total Conbimad a4 £.973 q.691 0.282 B.111 5.B26 0.283
1.052 0.9eL 1.181 1.113
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Figure 2. Total Tung I:Ta.l:ﬂ_l.' muurmhts for males
and females (L. at ATPS)




[p£.01) and sewas (p£.001): 90 TLC bebwssn subject groups (p £ .05) mnd
sexes (p£.001). Most fmterestingly, a sfgnificant diffevence (p<£.001)
was found botween method of measurenent and 2&x For FYC and TLC volumas.

Table 3. Statistical analysis af varlance
for lumg wolune measurenants,

Yariabla Compar{son F Ratio s%;ﬁﬁ;m

FV¥C Competitive vs Nomcompekibive B4R .01
Male we Female 130,21 ool
Sex yi bEraup 0,0 Bl
Method vs Group 0. 2% NS
Method vs Sax 11.95 001
Method vs Broup ws Sanx 2.0 s

TLE Competitive vs Koncompetitive a.27 5
Male ws Female 143,95 -
Sex wE [roup 0.0 NS
Mekhod v& Growp 0,2 M5
Mathod we Sey 12.00 i
Mathod ws Groap vs Sex 2.R3 H%

*df 3,05

To determine where the significance lay betdoen methads amd sex,
a Scheffe post hoc analysis was performed (see Table &), There was &

maan docresse of 231 ml, in females® FiC-wet and TLO-wot when compared
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to FVC-dry and TLC=dry, The difference in lung volune measurements wos
significant [p€.01), These decroases were equivalent bo reductions of
EX in FVC and 9% in TLC, The males showed a significant (p <.01) de-
crease in FYC-wet and TLC-wet when compared to FVC-dry and TLC-dry,
respactively. The average reductiom in FVC snounted to 151 ml. which

is oquivalent to 6%, These results also equal a 5% reduction in TLE at
350 ml. Combining all subjects, Ehere was an overall redection im F¥C-
wek of 202 ml, and 283 m1. in TLC-wet which was statistically significamt

{p4.013,
Tahle A, Schel’fu"puu:t hoc analysis of Tang
volumes between nethods and sex.
Level of

Comparison® Metheds S F Ratio Sgrificance
FiC FYC-0 we FVCW M 17.13 o1
F¥YC-0 ws FVC-W F G970 01
| FVYC=0 w& FUC=¥ H4F 26,70 01
i TLC TLC=0 ws TLC-W M 17.07 01
| TLE-0 ws TLE-W F 9,65 il
TLE-D ws TLE-W M &5 .60 1

I
"I:If 1-,*5
The Tung wolume decreases abserwed with imnersion were simflar to

those documentad in other studies (Hamilton & Mayo, 1984; Carey ot al.,
1956; Jarrett, 1965; Agostond et al., 1968; Craig & Ware, 1967; Hong

et al., 1068; Sondi et al., 1576; Profaut =t al., 197€; Givondola et al.,

W



1077 Robertzon ot al., 1978). These studies have comcluded that two
factors decréase TLE and FYO whon méasured whble the individual is in=
marzad in water up to €he neck. The first factor 18 that of the kydro-
skatic pressure gradient which counlorscts the force of inspiration by
compressing the chest wall and displacing the diaphragm toward the head,
The second Ynfluenting fector inwvolves the redisteibution of bBlood into
the thaorax dus to the compressive sffect of the wakter on the Blood
wegsals in the extramities. The hydrostatic pressure of 20 cn W0 ap-
plied to the chest when sitbimg in neck depp water decreates TLC and
FUC {Jerraett, 1968; Agustomi et al., 1968). This prossure Timits the
shility to perform & naximal inhalaticn necessary in measwring FVEC.

In addfition to these Tindings, Craig amd Hare [1967) also observed
that this pressure was ineffoctive in increasing moximal exhalation as
thers was no signiffceant change 1n BV on land and im water, Tha blood
shift reduces thesa Tung volumes by decreasing lung compliance due to
pulmonery engorgenent of blood replacing air in the thorax [Hamilton &
Mayo, 1944; Agostoni et al., 1966; Homg et al., 1969; Dahlback &
Lurdgren, 1972). The 5% and &% reducticn in FUC for women and mem,
respectively, falls in the 1-9% range reported in the 1iteraturae
(Hanilton E Mays, 1944 Carey et al., 1956; Asostond ot al,, 1966; Craig &
Ware, 1967; Hong et al., 1969; Dahtback & Lumdpren, 1972; Hobertson
ot al., 1970).

1t 15 interesting to nobe that the effect of fmwersion on Tomg

volumes was greabest in the males who had the larger Tumg wolumes {soe

Tahle 2). This observation agrees with findings of Weleh and Crisp
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(1953} who alse reported that hydrostatic pressuro had greater effect
on larger Tumg volumes, Tt could be concluded that hydrostatic pras-
sure varies on different thoracic wolumes. This indicates that the
Targer smount of air in the Tungs of the males may be more susceptihle
Lo compression than the smaller smount of alr in the Tmgs of the
female. The differences here are relevant when addressing the fssue

of appropriate measurement of TLC as applied to the technique of HM,

Body Density ond Parcont Body Fot Monturemgnts

The moams and standard deviations of body demsity and percent body
fat far all subjects are reported in Table 6. These neasurenants wars
taken by the method of B at AV, TLC-dry and TLC-wet. Comparison of
thege mathods were chosam to find a nethod of H equivocal to the com-
monly wsed BY method.

Cemparizons of body demsity and percent body fat for all groups
are presented in Teble 5 and Appendix D, The method aof HE at TLC-dry
displayed a Bighor body density (X = 1.0680) thus Towor percent body
fat (¥ = 13.83) than the other two methods im all subject groups com-
bined, Dody demsity was slightly Tower (¥= 1,0833) and percent body
fat was higher [® = 15.70) by WY at TLC-wet fn a1l subjects combined.
The renaining method of MW at RV produced the Towest body demsity
{% = 1.0634} and highest body fat (% = 17.47) 4m 211 subject grouns
combingd,

hn anafycid of varfance weas performed ofn these dsta to determine
what, if any, of these differences were significant {see Table 6). The

levels of significance were sinflar to these obtaimed with the Tung

T




density and percent body fat messorements.

Table &. Means and standard devistions for body \
|
|
|
|

oy Dengity Percent Fat
-

Subject Group Sax W By ATLC-dry  BTLC-wet RV RTLC=dry  BTLC-wet
Competitive Swinmers F 25 1.0433 1.08%2 1,067 3,68 20.60 2247
0.0112 o011 001l 4,776 4, 5qz 4 _620

Honconpetitive Swimners F k| 1.0636 1.0603 1.057D 19,63 156.69 18,228
0.01% a.014 0,014 5,938 g3 5.681

Total Females F 56 1,080 1,0665 1.0524 .53 1E.484 .12
0.013 0,014 0,014 5.582 5,562 5.588

Competitive Sufmers M 1% 1.06%3 1.0812 1.0761 12.% g.50 10.50
0.010 0.00% {009 3.E33 3.54 3.538

foncompatitive Swimmers M 9 1.0735 1.0844 1.0787 11.56 T.28 9.51
0.013 0.013 0.013 E.317 5.163 5.221

Tatal Males M 43 1.071% 1.0830 1.07% 12.1% B2 .95
0.018 0.011 0.011 4,72 4,510 4,632

Total Conbined M+F 99 1.0550 1.06ED 1. 0633 17.47 13.83 15.7
0,017 a,.o1s 1,018 E.0TE T.384 7.Z10

=
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virlume meéasuremants. There wera ma sigmificant differences {p> .05)
betwesn gex and swhject group, method amd subject group or method,
subfect group and sex. The nop-significance between grown and method
can fndicate that noncompetitive asd competitive swimners performed
nethods with equal ability, As expocted, sigeificant differemces were
found In body density and percent body Tet between subject growps

(p£. 00} and sexes (p£.001). HMost relewant to the purpose of this
study was the demonstration of significant difference: botween methods
of hydrostatic welghing ard sex in calculating bedy demsity and percent
body fat (p& 001,

Table 6. Statistical analysis of variance for
body density and percent body Fat,

Level of
Variabla Compar isom df F Ratia Significance
Baidy Compatitive w5 Moncompetitive 1,95 7.14 Jal
Dansity  wite vs Femnle 1,95 108,13 o0
S|y vs Group 1,05 1.96 NS
Wethod v Group Z,95 .56 M5
Wathad ws Sax 2,05 18,56 00t
Methad vs Group vs Sex 2,95 0.79 HS
Percent Compatitive vs Moncompetitive 1,95 110 Ml
Body FAt  yote va Female 1,95 10312 .01
gy vas Group 1,96 2.13 W5
Motkad v Broup 2,95 0.7% s
Hathod vs Sex 2,5 14,86 001
Methad vs Group vs Sox 2,9 0,00 HE
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Furthar analysis of methods and sex by & Sﬂefﬂ"nnn koc teet
[eoe Tables 7 & A) detersined wheee the significance Tay. Results
show that there was a sfonificant differemce (p«.01) between HJ ot RY
ardl HY gt TLC-dry in calcwlating male amd female body density and percent
body fat, BRody density for males wos significantly higher [T differsnce =
00111} snd parcent body fat significantly Tower (X diFference = 4,37%)
with HW st TLC-diey, Body density for females was also sfgnificantily
higher [¥ difference = 0.0075%] and percent bady fat sfgnificeantly
Tower (¥ difference = 3,098}, These results are in sgroement with the
recent study performed by Boltman and Kateh (1981), The wariatlon he-
twoen methods and sexes may be explatped by the hydrostetic effect on khe
lungs. Since FVD was measured on ‘Iund, the observed differences 1n
body dansity amd parcent bedy fat may be due to the overestimation of
TLC at the time of welghing {Welech & Crisp, 1953; Weltman & Katch,
1981}, Less afr was actunlly in the lungs when fmmersed as compared
to on Tand [males X ThC=wnt = 6,708 L., ¥ TLC=dry = 7,146 L.; femalas
x TLC-wet = 5,085 L., ¥ TLC-dry = 5.316 L.]. Tha larger lung volunes ,
were affected to o greater extent. The 5% and 4% overestimated volume '
of air in the males and females, respeckiwely, was sufficient to |;
influgnce body density amd percent body fat calculations causing
slgnificant diffarences in WY ak BY and I at TLL-dry.

Tn coabining data from all gubjects, the poet hoc amalyveis ravealed
similar findings. Hody density and percent Body fat measurpments wers
statfetically different (B 01] betwesn 18 at BV and WM at TLC-dry.

T
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Table 7. Echa-ﬂe"pngt hoe amalysis of body density
batwoen methods and sax.

e
E——

Level of
Compar ison Hd Hathod Sau F Ratia Significance
Body Donetity AY we TLC-D M 33.00 .01
RY ws TLL-W M B.56 ML
TLE-O we TLC-H M 1.98 R
AY ws TLC-D F 15.6% 1
BY w5 TLC-M F H.05 NS
TLE=D ws TLE-M F §.88 [
RY w3 TLC-B eF s0.12 i
AY w5 TLC-M eF 11.44 1
TLLC-0 w5 TLC-M MeF 13.67 0
o g5 i F 9 .06 =620, 8 .01 - 9,68
Table 8. Scheffe”post hoc analysis of pevcenst
body fat botwsen mathods amd sex.
Level of
Compar isom Hi Method Sed F Ratin Slgnificance
X Body Fat Ry ws TLC-D M 41,04 .01
RV ws TLC-W M 1a.1r 01
TLC-I} v& TLC-W M .16 il
RY ws TLC-D F #6, 80 Rl
RV wa TLC-W F 5,59 3
TLE=D w5 TLC-W F 7.0 ML
RV w8 TLL-D M 65,73 01
RV ws TLC=W PHF 15,54 L1
TLC=-I' vs TLC-W M+ 17,35 A1

df Fo.068=6.20,8.01=29.68

2,08
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The Scheffe poszt hoe analyses of this study (see Tahles 7 k 4)
ravealed that there was no statistical difference between HA at AV and
Hi at TLC-wot in estimating body demsity and percent body Tat in
fenales [p>.05). Oy measuring FVC-wet and combining it with BV, a true
rapresantation af TLC while fmiersed wes established. Therefare, all
air in tha Tungs was recoonized during fmmaersion,

A statistical difforence was found bebwaon HU at BY anmd HY at
TLL=wot in estimating body demsity {p£ .05} and percent body fat
(p£.00} in males. Percent body fat was copsistently highor using MW
at RV (¥ = 12,19} tham at TLC=wot (% = 0.96)., These differences may
Indicate significamt air trapping fmcreasing RV durimg HW a8t BV a5 suge
gested by Dahlback and Lumdgren (1972} and Girandola et al. [1877}. This
air trapping may heve been eliminated st the larger Tung cepacity of
TLE during dmrersion. These chservations were also made by Dahlhack
and Lurdgean (19721, The possible wnderestimation of AV when imersed
willld account for the higher percant body fat caleulated from HW at RY.
This unacoounted volume of air caused the body to be pore busyank
vielding an inaccurate higher body fat. The use of TLC-wet may,
therefore, increase the accuracy of Hi.

The different Tewaels of significamce found im B at RY amd W at
TLE botwien mon and women may be due to varying degrees in afr trapping.
It has been shown that there i8 a Targe renge In closing volumed For
individuals of approximataly the same age (Burki, Sarker E Nicholsom,
1975}, This factor affects alr teapping end AY, Tt appears that the
males in this skudy may have had more Afr trapping during HW 8t BV Ehan

the fenales causing the significant differemce in methods.
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The raview of Titerature does not make refarance to MW at TLC-wat
as this was recantly suggesied as the possible methad of cholee by
Woltman and Katch (1981). Sevoral reasons may substantiate W at TLC-
wet as the method of chofce, Agraenent on AV changes during fmmersion
have not been umiform, as putlined in Chapter [1, Dbservations have
been mado that pulmonary vascular congastiom results im air trapping
and decreased Tung compliance at Tew Tung wolumes in water (Dahlback &
Lundgrem, 1972 Girandola et al., 1977). Thase factors would incresse
BV in water at maximal expivetion. Residwal velume moasurements in
water have bean inaccurate (Dahiback & Lundgres, 1972; Bomdi et al,, 1976;
Bobertson et al., 1978}, and measurements on land may be an under-
gstimation of BV in water. An incorreck RV measurement may significant-
1y alter the calculations of body density and percent bedy Fat by Hd.
An underestimation of BY at the time of welghimg may explain the highest
percent body Tat of all methods tested 1n this study.

The prahlem of air trapoing during immersion may be wadscod or
alininated with large Tung wvolumes (Dahlback & Lumdgeen, 19723 Thomas &
Ethoridge, 1980). Incorporating this observation in reference to HY
techniques, TLL-wet may ba the mothed of choice. When combiming all
subjects, statistical analysis indicates sigmificant differemces batwaen
HW at BV and HWd at TLC-wek. It should be noted that percent body fat
wat consistently higher wsing HY st BY (X overall £ BF = 'l.'l'.ﬂ-?:l. This
may indicate sn air tropping which was aliminated uring HR at TLC-wet
{x oversll % BF = 15.70).

The mean differances in parcant body fat for woman were 3.00%

between W ot BY and HH a% TLC-dwry; 1,41% between (W at BY amd HY at



1]

TLL-wat. Males produced mean differences of 4,378 betwaos B at AV and
HW ot TLC-drey; 2.24% between HW ot BY and KB st TLC-wet. Overall mean
differences of all subjects combined were 3.60% betwsen HW at BY and
W at TLE-dry; 1.77% bebwetn WY at BV ond MM at TiC-wet, These
observations are not within the + 3% error associnted with pradicting
body fat by HW (51ef, 1961). Hydrestatic weighfng at TLC-wel would be
preforrad over TLC=dry 2t the percentage of error would be less.

Although differences in body densfty and percent baody fat may be
statistically significant betwsen M ab RV and HW al TLC-wet,
phservation in performance of methods, reported below, may alse support
climfcal application of HW at TLC-wet. AT thiz pafnk, subfeet
preference to methods al2o reveals HY st TLC as the method of chafcoe.
Data tabulation comcernimg subject prefarence of methods hag been
presented belaw.

f 05

bata refarving to the responses of WM mathod preferred are recorded
in Table 9. A Chi Sqware was wsed in the analysi=z of collected dats,
Conbined sexes into subject groups shows similarities in method pre-
ferance. Thirty-ome of the noncompetitive suimers (M= 55} and 24 of
the competitive swimmers (K = 44) proferred WW at TLE, The choica of HW
at TLC was significant (p4.05) over preference of WK at BY and over the
optian of no preference in regards Lo method. These data alss indicate
W at TLE tn be tha method of chofce by all subjects combimed {po .05).
Thase suhjects indicated that they felt more comfortable and could hold
their bepath Tomger at TLC.
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Table 9. Chi Square amalysis of method preference.
Subject Graup M HW at B¥ W ab TLC Fane
Female Homcompetilive Swimers il & | f
Male Moncompelitive Swimmers L ] 4~ i
Total Moncompetitive Swismers G5 iz I 12
Female Competitive Ssimmars 25 B 16+ 4
Hale Competitive Swimmers 1% ! a 7
Total Compotitive Swimmors a4 2 24w 11
Total Combined a9 a1 A 23

*p £ .05

These data &re in agreement with cbservalions made by Thomas and
Etheridge [1980), and Wolbman and Katch {1981}, Hydrostatic wefghing
gt TLC offers several adwantages ower HW at AV, Drozek ot o1, [19449)
réparted a réeduced psycholagical effect when the swbhjects' Tungs were
fully fmfiated, The moncompetitive swimmers, wha nmay not be comfortahle
in a water enviromment, appesred to be more at ease during welghing at
TLE as compared to RV. This enshled the subject to remain under wator in
a mare relased state, The weighing scale Tlectuation was veduced allowieg
the investigator to obtain & weight reading at stabflization in Tess time.

Hydrostatic waighing at TLC-wet may ba most applicable to adult
Fitness evaluations such as those performed in filmess programs. The
participants in these progrems are often clder end may have increased
pulmonary air trapping with WK at BY {Anthonisen et &1., 1969). Thess



people are oftem umeble to successtully perform the reguived maximal

exhalation while submerged mnderwater mandated with HY at EY.



CHAPTER ¥
CORCLUSI0NS

Summary

The purpose of this stwdy was to determine iF HW ot TLC was
equivocal to the method of HY sk KV, Tt wes also the purpose to deter-
mime the appropriste measurement of TLC-dry o wat in application to the
calculation of body density. A11 subjects were underwator weighed at
Tung woliaees of AV and TLC. Theee body demsities and percent body Tats
wers caleulated for each subjfect by applying luep measurements of RV,
TLC=dey and TLL-wet. Subjects npted HW methed of choice; &t RV, TLC
ar no preference. Statistical analyses were then applied to determine
i there were sfonificant differences between HW methods o Tung volume
measwrenants perforned in or put of the water,

EEI!TIH.‘[E!

The results of Ehis stwedy indlcated the following concliusfons:

1. Compatitive swimeers had significantly Targer FUC and TLC
measurenants tham moncorpetitive swimmers.

2. Hales had significantly larger F¥C and TLE measuremants tham
fenalas.

1. A1l males and females produced significantly smaller FVC and
TLE when measured wet compared o dry.

i, There were na significant differences in Tumg volume or

capacity measurements of competitive and noncompetiltive swimmers,

40
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5. HMales' FUC and TLC neasurements wore decreased more than the
females' FVC and TLC meazurements when fnmerzed. This would fmdicats
that {mmersion has the greatest effect om larger Tumg volumes,

6. Competitive swimmers had significantly larger percest body Fat
amd smaller body density measurenents than Lhe noncompetitive swimmers,
$imflar results were observed comparing all females to all males,

7+ Hydrostatic weighing at RV produced the highest percent body
fat im all subgroups. 1t was concluded that RV while immersad may have
besn widerestimated 2s pulmemary alr trapping may incrsass with lsoer-
sion.

8. Hpdeostatic weighing at TLC-dry produced the Towest percent
body Fat in all subgrowps. [f was concluded that TLC was owerestimated
a5 the F¥C component was sigrificantly decreased in all subgroips when
measered fmmersed. This vesolted in significant differences botwean
HW at RBY amd FW &t TLC-dry im celeulating bady dansity and percent body
fabt for a1l subgroups.

9, Hypdrostabic weighing ab TLC-wet was mat statistieally different
from HE at BY In body density and percent body fat calcuwlatioms im
females. In maasuring FYC-wat and combining 1t with RBY, a tree
representation of TLC while immersed was established,

10, MHydrostatic weighing at TLC-wet was statistically different
ficam BN at RY in hedy demsity and percent body fat calculatioms in
males, The significance hers may be det to werying degrees of aire
trapping im tha Tungs at BV lewel during WY at RY. The undareéstinated
RY im b at AY would result in an insccurate high percest body fat.
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11, Hpdrostatic weighing 15 not eguivocal at RV, TLE=dry amd TLE-
wat, Results of percent body Tat were not within the + 4% error of
prediction associsted with HW.

12, Although a significant differenmce exists between Hd at RV and
HW at TLC-wak, the mean difference in peroent body fak for all subjects
combired was only 1.77%, Hydrostatic welghing at TLC-wet may be most
sccurate in percent bopdy fal detormfimetion. Previous resesrch supports
conclusion that pulmonary air trappimg was reduced ar eliminated and TLC
Was accurately represented daring HW at TLC-wet.

13. Hydrpstatic weighing at TLC was significantly prefervad avar
i at BV by both competitive and noncompetitive swimmers., Svbjects
indicated that fmmersfon &t TLC was mare comfortable than st RN,

14. Since pulmonary air trapping is more prevalemt in older aoe,
Hd at TLC-wet appears to be indicated im older adults.

15, This ressarcher made choervations that subjects were move
relaped during submersion and thera was less scale Fluctuation during
Md at TLE. 1t cam b2 concluded that MW at TLC is performed better than
HY at BN by the subjects. The btester fo able to sbtaln & sore sccurate
weight récording froam Eheé scale during HW st TLE, Tt is sugoestaed,
therefore, that HY at TLC-wel may be clinically applied and 9% indicabed
especially with individuals who are mot well adapted to a water epviron-

mant .

Eoccamendations

The following suggestions ara made in reference to fubuea studies



1. As the differences bebween HW at BY, W at TLC-dry and M ak
TLC=wut bsceme Tess slgnificant in the smaller lung wolumes of Ehe
ferales of this study, it would he interesting to porform the same study
using children,

2. Further rostarch s needed to clarify tha hydrostatie effect on
clasing volure and residual solme,

3. Hince pulmonary air trapping is more prevalent im older age,

a similar study showld be performed comparing HW at RY, TLC-dry and TLO-
wek in older populations,

4. Simce the body plethysmograph s more semsitive to alr trapping,
BV detarmination by body plethyseograph and nitrogen washout should be

comparved in relation to HK.
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TRFORMED COMSENT FORM

Project Titie: Comparison of Three Hydrostatic Weighing Methods
Principle Tnvestigators: Joann M. MeGart M, k, Butts, Ph.D.

1.
2.

3.

T.

! have abstained from food and deink for 12 howrs peior to testing.

Wy forced vital capacity will bo measured by spirometry on land amd

afn when fmeersed in water to meck level both in the seated posi-
tiom., 1 am regutred to inhale maximally and ezhale Forcefully as
much air &% possibla into a spirometar. Two trials will be neces-
SHFY.

Wy r:sldu.ﬂ yolume will be determined by the nitrogen washout tech-
nique. This procedure will requireé me o rebresthe a bag of pure
arygen Tor Tive to tem breaths. T Wil alse be pshed to dnhale
maximally end then forcefully axhale fnto the mouthpiece attached
to the nitropen analyzer.

Wearing apprepriate swimming apparel, | will be weighad on lamnd and
than by two methods of hydrostatic weighimg, Owe pethod requires
me to submerge beneath the surface of the water after forcefully
E:;:;lu-ﬂ'”lnir a5 much alr as possible from the lungs. This process may
ha repested thres to ten tipes. The sécond mathod requives me to
frhale maximally and hold my breath underwater. This methed Wil
be repeated in threa trials.

The toster will calculste the porcent of body faE from an established
equaticn,

[ will respand to a qeastion to the best of my ability concerning
preference of ame hydrostatic weighing technique in relation to the
ather,

There may be some discomfart §n breath helding inderwater. Some
risk factors which raraly ococur involve possibie accidemt, drowning
and infection,

I will banefit firom the hydrostatic weighing by knowing my percent
hody fat. This may reflect the effectiveness of & present exércise
progrem practiced aimed at reducing body Tat or imoly the mend for
pne to be Initiaked.

The Principle Imvestigator will answar any and a1l guestioss
concarning procedures, risks or benefits,



T, , heing of soupd mind and
{Frimt Mama )
years af age, do heveby consent to, suthoriZe and request
the person named above {and her co-warkors, sgonks, and ooployess) to
indertake and perform on me khe proposed procedures,

I have read the abows document, and | heve been fully advised of
the nature of the gmn:edure and the ppssible risks and complications
1 kereby assune woluntarily.

I hereby acknoslédge that no representations, werrentics, guarantees
ar asturances af any kind pertaining to the procedures have beem made
to me by the University of Wisconsin-la Crosse, the officers,
adninistration, emplopees or by anyone scting om behalf of any of them,

[ umderstand that T may withdraw from the program st sny time.

Sigmad at this

day of . 18, in the presonca of the
witnpsees whose sigratures appear below opposite my sigReture,

HITRESSED BY:

TSdgect)




AFPENDIX E



i

RESIDUAL WOLUME QATA SHEET

KFRE AeE
First Last
Trial 1. Trdal 2.

Initial Yolwe of 0, (V0,):

Wy (Inpurity) (1Wy):

!H? {ATyenlar) {AHE] -

¥R, (Equilibrium] fange:

M, (Tquil.) (ER,):

M, (Final] (FHp):

Pead Space [D5):

VO, (EMp - M) _ ps
{Mly = Fily)

RESTDUARL WOLUME =




APFPENDIE €



HYDROSTATIC WETGHING ARD LUNE VOLUME DATA SHEET

L)

HANE
FUC-dry L. iy
FWC-watc L.
TLE-dry: L
TLC-wat L
fmersion Tank Temp.
Density of Water (0.} 0. .
Mass in Adr (M)
Mass in Water (M)
Mass ?Ir’nu'::%u;g Apparatas (M) kg.
Mass of Water *HHI' = Hy - My = ki,
Ay in G.1. Tract = o 1 L.
Body Dansity (Dg) = My, . anfec.
ﬂ - BY - 0.9 L.
Ty
% Body Fat = 4.570 = 4,142 x 100 = i
TLE Trials BY¥ Trials
1. E. 1. L
2. 7. . 7.
3. B 3. 8.
4. L 14, q,
5. 10. §. 1a,
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RESULTS 0F SCHEEFE POST HOC FOR HW AND LLMG VOLUME METHODS

e

L]

Varfable  amova Significance Sigaificant Comparisons

fody Dens ity Methods ¥ Sex TLE-MJ#E‘EHI:F'I'LE-W. R¥<F, TLC-OF,
TLC-WM> AY-M, AY-F, TLC-DF, TLC-WF

RV-H > RY-F, TLC-DF, TLC-HF
TLC-DF> RY-F, TLC-WF

TLE-WF> R¥<F
Percant Hothods X Sex  RV-F 3 TLC-OF, R¥-M, TLC-WF, TLC-0M,
Dody Fat TLE=WM

TLC-MF > TLE-OF, RU-M, TLC-OM, TLC-MM

TLC-0F > A¥-H, TLC-DW, TLC-Hm
AV-H 3 TLC-OM, TLE-WM

TLC=WM > TLE-DM
FVE Hethods X Sex FYC=DOM> F¥C=-WM3 FYC-OF > FYC-WF
e Hethads ¥ Sex TLC-IM 3> TLC-MM > TLE=OF » TLE<WF

TLC-DM = total Tung capacity-dey, males
TLC-HH = total Yumg capacity-wet, males
TLC-OF = total Vumg capacity-dey, females
TLE-WF = tokal Tung capacity-web, Females
BV-M = pesidus] wolume, males

RY=F = s idisal volume, femalos

FVC-DN = forced vital capacity-dry, males
FYC-u = forced vital capacity-wet, males
F¥(=0F = farced vital capacity-dey, femalag

FVC-WF = forced vital capacity-wet, Temalas




