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This study was desigmed to determine if hpdrostatic weighing (HW) of
total Tung capecity (TLE} yield the same reswlis as M at residual wol-
wie {RV}. Forty=twe boys {E = 10.4 yr] From Ehke La Crosse, W, area
wWere given & spiropetry test to determine their vital capacity {WC).
Thrae trials were porformed and the highest reading was wsed as the
measure of WL, The BV was deternined on Tand wbilizimg the closed-
circuit oxygen dilution technigue, This walue was added to the V6
measuremant and represemted the 55' TLC. 5% were instrected to perform
HW &t RV and TLC. The RV method consisted of a full expiration prior
to submersion, and was performed urtil 3 1demtical readings were
attained, The TLE consisted of & full inspiration price Lo submersion,
&nd was performed until 3 Gdemtical readings were reached. A dependent
t-test was performed on these data ot the 06 Tevel, 3Smaéll but statis-
tical diff [p €.05) in body density and § Tat valses were absersed. RV
produced 1.0629 gfml va TLC 1.0640 gfml. The TLC method resulted in a
0.4% Vower % fat tham the BV method. Althowgh the didf betwean body
composition parameters determined by HW &t RY and TLC were statistically
sig thay were within the ¥ 4% error estimated in a{:rneﬂn? densiiy
through HY (5ir1, 1961). HH at TLC 15 a possible methed for children
who ara encorfortable n the water and are wnable to perform the AY
mothod of & maxima)l expiration.
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CHAPTER I
INTRODUCTIONR

Thete are many techniques available for determining body denstby
in order to estimate percemt body fat. Hydrostatic weighfng has bean
accepted as the standard procedure for determining density. This
procedure involves the Archimede’s Principle which states that an
abject immersed fm a fluld loses ar amount of welght eguivalent to Ehe
woight of the Flufid which is displaced [Behnke, Fean, & Welham, 1942).
Fat 1s the only substance in the hemam body which 12 less demse than
water. Therefore, the measurement of body density, as dane in hydro-
statle weighing, con be empleved to psbimale the percent body Tat.

In order to obtain an accurate estimation of bedy density by moans
of hydrostatic welghing thke woluwme of air in the lungs must be accounted
for, dug to the Fact that aler adds bouyamcy. This A turs would
decrease the weight of the bedy when submerged. Past hydrostatic
weighing protocels have had 3 subject supire maximally befors sub-
mergfing under Bhe water. The air that renained §n the Twngs after this
makimal expiration §5 the residual volume (RM). A kydrostetic wedghing
technigue which inwolwes the measurepant of the body weight while sub-
merged ab the time of & naximal expiration, 15 kmown as the resideal
volumg bechnique. hecording ko Kakch (VO69) many subfects have dff-
ficulty in performing the refidual wolume technique; therefore, be felt

a learning process must take place,



Since many Individuals hawe diTMiculty with the residual veluns
techaiqes, taw another Tumf nmeasurenent or procedure bo wsed im the
calcelation of body donsity? One such technique which accownts far
the air in Ehe body jnwolwes the measerement of totsl Tung capecity
{TLC). This technigue of hydrostatic weightmg involves & maximal
inspiration priee Lo swbmersion. Roecently, Weltman and Eatch (19%E1)
porformed hydrostatic weighing om adults comparing RV and TLL. A
high correlatfon (F = 0,95) betwsen the tuo measures was found in
determining bedy density. Weltman & Ketch {'IﬂB'I]- findicated that the
subjects felt mors comfortable and stable in performing the TLC
technique compered to the BY.

Mezswrensnt of body density 1m ehildres using hydrostatfc
weighing has been inwvastigated by several researchers utilizing thae
RV techniqua. One knows study conducted by alls, Reynolds and
Jessup (19682} compared BV and TLC im twenty prepubescent boys. Thay
concluded thet hydrestatic weighing may be omhoncod with the TLC
methed with children who are unconfortable fm the water.

Statement of the Problen
The problem of this study was to determine §f ther= §s a signif-
fcant difference in the density calculated by the BV, compared to the
TLE method during hydrostatic weighiing of boys.

Meerd for the Siedy

Mapy fndividuals fasl urcomfortable in the procedures inwvolwed
in hydrestatic weighing, The accurscy in determining body density
and body Fat by hydrostetic weighing i% dependent on Tung volume



measuranents. 1F subjects arc unable to perform ke BV technique,

the measurerent of body density will be ipaccurate, Total Tumd capac-
ity has heen recently inwestigated im determiming body demsity in
hydrostatic welghing (Thomas & Etherdidgs, T0B0; Weltmasn & Kakeh, 1881).
These imvestigations were performed on adults, kance Kb was this
researcher's aplries that TLC technique needed to be fnvestigated in
children, Recently Wells ot al, (1582) compared Y and TLE in hydro-
static welghisg with twerty males aged 9 to 12, Their reculbs sheowed

a linoar carrelatiom [r = [.8%) betweon the two body density measures.

Purpose of the Study
The purpase of Eke study was to compare dentities and percent

fat ohtained Frem RV and TLC technigees in hydrostatic welghing, in

hoys Betweon B=17 years.

ﬂgEﬂ'ﬂ!il
The hypothesis of this stwdy was stated in the nell Torm.

There 15 no Significant difference in body density betwesn the
methods wiilizing AV as opposed to TLC in hydrostatic wedghing of boys.

Assumptions
The followimg were assumptions of the stwdy.

It was assumied that A11 swhjects expired maxinally in the RY
tnchndqen.

[t waz assumed that all swbjects imspired naximally in the TLC
LA

It was assumed all subjects fasted for the required pericd of

time,



Del imitations
The following were dolimitations of the study.
The subjects wers all wolunteers Trom the La Crosse, Wisconsinm,
arad,
Al of the subjecks were boys betwsen the ages of 8 to 12 years.
Al subjects were considered te be in good health,

A subjects felt comfortable im the water.

Limitatians
The Following were Timitaticns of the stwedy.
The subjects chosen for the study were pot sefected randomly.,
The namber of trials for the BY technigue was Timiked to 00,
The measurenent of BV wbil1zing the sxygen dilutton technique is

an accurate measurement.

Befinition of Terms

The Tollowing Lerms hawve beea defimed according to Modrdle; Katch,
& Eatch {1381].

Archimede's Peinciple - am chiect fmmerded in & Tlold Togss &n
amount of weight eguiwalent to the weight of the fluid which is
displaced (Behnka, 1942},

Depsity - the mass per unit wvoluwe of body (0 = WAV), expressed as
gnfce (Goldman & Buskirk, 1961).

Eﬂ‘lmtnﬂ Resarve Yalme - thoe amount of air that cen still be

pxpired after the end of a normal tidal eapiration.
Fuinctiona] Besidusl Capacity - =quals the sepiratory eeserve vol-

ume plug the resideal volume, The amosst af &ir remaining G0 the Tumgs

at the end of a mormal expiration.



Hydrostatic Weighing - an imdirect procedure to determine body
density by the process of weighing & body under water. Percent body
fat is computed from body density (ratio of body welight to bedy woluma].

Inspiratory Capacity = equals tha tidal velume plut the insplratary

reserye volume. The smount of air that & persen can breathe beginming
al the normal esplratory level and distending his Temgs to the maximem
amnEnt .

Ingpiratory Reserve Yolumn = tho extra volume of air that can be

Inspired over and beyond the mormal tidal volumn,

Liean H Mass [LON} - & gquantitative expression of lean body welght
consisting of bones, muscle and organs, and it 15 uswally eapressed in
kilograms {kg) or pouncs (1bs).

Percent fody Fab - the percentage of total body weight that con-
sists of storage Tat fownd in adipose tissus amd esszential fat,

Residual ¥olwme - the voluma of afr sti1l remaining in tha lungs
after the most forceful expirstion.

Splrometey - a mathod used for studying pulmonary ventilation. A
spirometer records the volume movement of air inte &nd cuk of the lungs,
ﬂdﬂ Yolumg - the volums of air inspired or cxpired with pach

normeal breath,

Totsl Lumg Capaciby - the maximwm volume to which the lumgs cam be
expandod with the greatest possible inspiratory effort.

Vital Capacity - eguals the insplratory resorve volume plus the
tidal volume. The maximal amount of air that a persom can expel from

tha Tungt after & maximal insuiratiosn.



CHAPTER II
REWIEW I+ LITERATURE

[mtroduction

Tht wie af body density oblained Trom hydrostatic weighisg for Ehe
prediction of tho fat content is Timited by both bBiclogical amd techni=
cA] Sparces of waristion. AS Katch [19!5-'ﬂ:| has deponstrated, hydrosbatic
waighing at BV requires & series of learning trials to properly perform
the stamdard hydrostatic welghng procedures as described by Goldnan &
Buskirk {1961]. The alternatiwe method of TLC could be utilized IF it
statistically yields the sane reswlts as the BV technique, especially
with children wheo appear to axparienpce difficulty with the BY technigue.

Studies dealirg with the development of Formulas For determining
body density and percent Tat, Lhe metheds of hydrostetic weighing, Tweng
wolunes, body composttion im children, and other pertiment topics are
reviowed in this chapter.

Archimede was the Tirst to state the sigeificance of the relatlioh-
ship of welght to woleme. Archimede®s Priociple states that a hody
Amnersed in a fluid loses an amount of wedghl equiwalent to the weight
af the flald whick is displared (Bebnke et al,, 1942).

Body volume can be calculated through hydrostitic weighing by
subtracting the body's enderwater weight from the dry o land uefght,



[Equatian 0}

H
Depsl [} o we | ght in afr { F.:I
L loss of welght in water |:“.l. - ";j

{Goldman & Buskirk, 1961, p. 78)
In 1961, Goidnen & Buskirk conzidersd the density of tho water during

hydrostattc welghien procedures. A correction factor obtained from the
temperature of the water was necessary to obtain the exact volume of the
water displaced by the body. They recomvended the temperature of the
water in the wunderwater weighimg tank ta be al body tenperature [35-36°C),
The density of the water at this temperature is approcimately 0.949 gfml.
Tha following eguation was derived recording the water, Lemperature and
applying the ralating densily walwe:

[Equation 2}
D= M
W &
||

{Goldman & Buskirk, 1967, p. 79)
Where: OW = density of water
(at 35-36°C correction Facktor = 0.994 g/n).

Since gat adds hwoyamcy, the quantity of air im tha gastroimtestimal
(61} tract must be accousted for in determinfng an accurate body dessity
value {Themas & Etberidge 1980}, The findings of Bedell, Marskall,
Defiois, and Harris ﬂ'IQEE] pstimated the value of 100 ml to scocoumt for
tiee air 1n the GI tract. Tha smownt of air ¥n tho G tract will vary in
each 1ndividuwal, howewer one can reduce this by having subjects Fast for
tuelve howrs {(Goldman & Buskirk, 10987).



Anather gas that needs to be accounted for 15 the remaining air
im the Tungs after a maximal eepiratfon. This volure 13 referred o as
the Besidual volwme (RV}. A number of methods have besn developed for
detarmining BV and include: (1) the elosed-clrcuit method, which In-
valves & dilutien Tollowed by equilibrium of on {nert oas, (2) open-
circuit tschnigoe, inwolves Breathing oxwgen where nitrogen 15 “wasked
out”, amd (3) pneumstemeteic approach, a form of whole=body
plathysmorgraph. Im this stwdy the closed-circult oaygen dilution
method described by Wilmore [1969) was utilized. The fol lewing Tor-
mula was established taking into accownt the AY ard 2ir in the Gl tract:
{Equation 3]

HFT; - BV - .0 l6ter

(Buskirz, 1981, p. 102)

Conversion of Body Density to Percent Fat

A mumber of formulas exfst for predictismg porcent fat froem the
caleulated body density, The formulas are s1ightly varied dug to the
trablity of researchess to agree on the exact density of Tean bedy mass.
Fose of the eguations kave been derived from stiedies oo children.

Rathbuarn & Pece {1945) studied the fat content of male and female
guinga pigs. They determined 0,918 and 1.10 te be the specific gravity
of Tat and Tat-free tissue, respectively. They derived the Tollowing
formula Tor humans

{Equation 4]

% Fat = {5,548
Ty - 5O0M) x 100

(Rethburn & Pace, 1945, p, 675)



Keys & Brozek (1963) eriticized the findings of Rathburn and Pace
(1945} 1n the derivation of the specific gravity or denzity, Kays &
Brozek [1%53) studied the density of fat in men and wonenm amd various
amimals. A density value of 0.90074 for hunan fat at & tomperature of
I6"C wast reported. They derived the follewirg Tormula:

{Equation 5}

T Fat = [4.200
I—mﬁm - 3.1!1.1] ¥ 100

{Koys B Brozek, 1953, p. 200)
S4ri [1961) felt that a fat-free body should be wsed in tho
development of a corversion formula. It was determined by Siel {1961)
the walues of 1.700 Toan body mass and 0,900 Tat ehould be used fn the
dewnl oprent of the formula:
[Equation B)

L Fat = [4.95
¥ ]

- 4,50) x 100
(56r1, 1961, p. Z30)
Brozek, Grande, Anderson and Keys [1963) derived a Tormula esti-
mating the chemical compositien af the bedy. [Mviding the bedy ints
compartments, chemical components, and analyzing each, & Tat density of
0.9%5 was deriwved. The following Tormula was derived:
[Equation 7)

% Fat = {4,570
T - 4,942} x 100
{Brozek ot al., 1963, p. 131}
Brozek et &1, {1963) stoted that this formela 13 thought to be the

most valid, especially in imlivideals whe do mot experienco a constant




fluctuation in body weight. A study condwected by Nilmore & Bebmke (1969
found a high correlatien of 0,996-0,999 between the values ohtained fram
the diffarant formulas.

N stapdard deviation of tll!. regrosents errar fm the prodiction of
percent Body fat by hydrostatic welghieg (51e1, 1961}, This efroe cam
be dise to technical difficulties 1n the measurement of body density.

Error may exist from the imabdlity of the individual to perform the kpdro-
static weighing procedures, and the RV used in the calculetfons. Evem iF
ne error gaisted in measuring density, the umcartainty im fat estimate
would remain S3.8% of body welght dee to normal variability of body con-
stituents, &nd the umcertainty im establizhimg the compositions of adipose
tissue [Siel, 1061).

Thers has been some disagresmont smomp researchers regarding the
agsassment of the approgriate velume of air §n the Tupgs during hydro-
stabic weighing. Weltman & Kektch [19B1) studied hypdrostacie weighing
conparing AY apd TLC. A small but statistical significant difference
wat Tound between hydrestatic weighing at BV and TLC.

Methods of Hydrostatic Beighing

In additfan to the BV and TLE methods. other methods of hydrostatic
waighfng hawe bean rosearched. Underwater weighing subjects with tha use
of a snorkel was imvestigated by Eatch {1960). The subject was Instructed
Lo bresth throwgh & saorkel while undorwater. The wnderwster weight was
taken followlng & masims] expiration, bald Tor approximately § seconds.

A progressive fmcrosse in weight batween triale was observed, dus to 3
practice effect. Eatch (1968) conchuded that the vse of 3 snorkal
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reduced the fear or apprebension comcerned with breath-molding umder-
wator, followed by & maximal expiration.

Luft & Lim (1981} obtained the umderswater weight amd expiratory
lung wolume by & different method. In thelr study the subject was
instrscted to take 10 @eep breaths followed by a maximal imspiratiom.
The gubject then exhaled inte a spirometer. He then removed his mouth-
ptece and submerged underwater. The amount of afr was recorded on a
spironeter. The gaz valume fn the Turdd was accounted for by sebtracting
the exhaled velume from the provicesly determimed total limg capacity,
which was caleulated From adding WC asd BV measurements,

Jensen (1979} wnderwater weighed children at the Tevel of RV and
ong liger of air. The subjoct would sttenpt & maximal oxhalation into
o mouthpiece attached to & two-way breathing valwe, A rubber bag com-
prizing one Titer of air was attached to the walve,. AFter the subject
conplated his maximal expiration be would fmhale the ome Titer of ale
amd submerge, and the welght was cbtained.

Thomas & Etheridge (1980} performed hydrostatic weighing at Ffunc-
tional residueal capacity (FRC) ond AY using a specialfzed valve attached
to a spiropeter. The subject would submerge wiile breathing room air
threugh a valve. To meagure FRD the valve was turned fnto Lthe attacked
spironeter and normsl respiretions were monitored, and weight sas
recorded. To obtain the BY, the subject was instructed to exhale maxi-
mally throwgh the valve and the weight was recorded.
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Lung Yolumes
Rasidual Wolume

[t was indicated by Welch § Crisp [V958) that RY 13 lesst affocted
by hydrostatic prossure, snd 13 the pasfest Tung wolume to reproduce,
Regidual wolwme seacures have boen o standard practice due to the
findings of Welch & Crisp (1960). Hownver, when assessimg hydrostatic
waight, the wse of BV in computskien may be sowres of mrroc, DR fnves-
tigation by Girandola, Wiswell, Mohler, Bowero, & fSarmes (1977) moted
an imcrease of G.7E 1n the RY when aeternined fm the water. 07 the Sub-
jett was umable to expire to the level of RY, the underwater waight
would be inaccurate (Behnke & Wilmore, 1974).  &n increase in body wol-
umn without a wedoht change due to an increase in inspiration of aie
would cause density to decrease (Denoghus & Mipnlgerode, 1977,

fn Increase in pressure on the thorax whon {mmorsed in water causes
significant fluctuations in Tung volumes. A& 108 reduction was found in
the RV measured durimg immersion {derret. 1950; Hoag, Timg. & Rakm,
1560,

1t was noted by Sawka, Weber, § Knowltcs [1978) that kigm densiiy
values were determined i BY Was messured on lanu. It wes sheown by
-.]u.rrttt[lﬂﬁ-ij that measuring BV immeorsed in the upright positfon caused
the residual gas woleme of the lungs to decrease. HAccording to Christian,
Lupi-H, & dnthonisen (1976] an influence by bhe Tess of Tung recoil
resul ted with immarsion when peasuring RY, which caused & decrecased
valug, Loith § Head [V967) pointed owt that young subfects are more
susceptible to altarmations im AV a5 a result of bpdeostatic pressures.

Bondi, Young, Benmett, & Bradiey (1976) concluded that at Full
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epapiration during fmeorsion, atrways both large and small are compresced.
Th2 smaller afrways cam be compressed to the polnt of collapse.

Robertson, Engle & Dradiey (197B) demonstroted the AY o ba Tess
when measured by the dwal inert gas dilutien teckalgue than measured by
the plethysmographic method during immersion, The decrease in BV obtained
by Eks dual inert gas diletion technique was attributed to gas trappimg
during fmersfon. Evidence from Collins, Cockrans, Davis, Benatar, &
Clark {1973)] kez shown bhet Increated tkoracic Muid volume Teads to in-
trepfed airway clasere, cousing & decreate in BV whea measured wnderwator.
Sloni ficant differonces in body depsity were fdentified when using RV
madsured on lamd and T water {Girandola &t &l., T977). [t wes comcluoded
Lhat when obtaining body density values, BY should be measured concurs
rently while the subject is im the water. However, the followimg studies
(Carey, Schanfer & Alvis, 195&: Craig E Mare, VO6Y; Pratawt, Lupi &

Anthondsen, 1998) Tound no change whepn measering BV during temersion.

Total Lurkg Capsci

Researchers differ regarding which Tung valume to sssess durimg
hydrostatic welghing to achieve the mopt accurate estimation of body
density and percest fat. Weltman & Kakch (19B1), comparing hydrostatic
weighing at RY and TLC, concluded that hydrostatic weighing with TLG
offars several practical advamtages ower hydrostatic wedghing with AY.
Hawing the Tungs entirely f11led can reduce the piycholagical effeck af
hydroestatic weighing {Brozek et al., 1963},

h recent Stedy comducted by Wells et al, (1982) investigated the
measurement of body density in children wsing hydrostatic wedghing

with both RY and TLC. A high Unmear correlation (r = 0.69)
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betwaen the two density measures was obtained. 1t was concluded that
mpdrostacic welghing with children wha are umconfortable in waber may
be omhamcod §F TLC 15 weed,. They indicated that further studies are
nesded.

Total Tump capacity showed a s11oht decrease whan measured in water,
which has Boen attributed to a shift of blogd to the chest and also the
hydrostatic Farces opposing the inspiretery muscles [Christian ot al.,
1976) . Larger lurg wolemes in hydrostatic welghing may redwce alr teapping
which 12 8 resull of closure due to hypdrostakic forces on the chest
(bahVback & Lundaren, 1972]. Water immorsion has boan found to cause as
mech ag 20 Lo 40% shITt of blogd volume Tn the theracic area which pro-
distes marked decreases in pulmosary compliapce (Arborelfus, Baldwin,
Lilji, & Lendgren, 1972; Begin, Epstein, Sackner, Lewinsan, Dougherty,

& Duncap, 1976 Boundurant, Hickmam, & [sley, V957].

Immersion in water resuited im am [ecresse In intrapulmonary pressurs
in relaxcd, breath=holding swhjects, Maintaining 8 relaxed position
while holding one's breath throwghout the mansuver of sutmerging 1n the
water was shown to be difficult in & study conducted by Jarrett (1956},
Mhee to hydrostatic presswee applied wpon Ehe chest, TLC and WE decreased
whain neaswrad undersater I:.ﬂ.gﬂltﬂ.ni at al., 1966; Carey et al., 1966;
Craig et al., 1967; Homg et 1., 196%9; Prefaut et al., VO7&).

Body Composition im Childrens
Enowledge of body composition has majer sfondficance in disease,

health, and care of children, However, 1ittle information with regard
to chemical composition of the body amd the composents of body weight

gain or less during this growth 15 awailable [Macy & Kelly, 1958).
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Factors Swech a5 growth, sedeal maturation snd physical activwity affedt

bedy conpetition in children, Due to the growth stages of children,

their changes in weight, statures; or chemical composition may be entiraly

different at one stage of development than another (Macy & Kelly, 1956).
in evaluation of body weight with &pecific refarence to fat, fat-free

m255, water, and mingral was Tmvestigated by Mouitom {1823), Mowlten

discovered the concentraticos of water, protein, &nd ash of the fat-froe

masy became more of Tess statfonary after appreciable changes occurred.

He described this state of body composftion as chemical maturity.

Maresh (19558 studfed bone growth in children. His results shoed
the childhood patterns of lang=bone growth were found to be steble and
srderly at about tho Ege of throe or four, amd contineod im to the pre-
pubescent years. In the newborn, bone 15 thought to be 3% of hedy weight
amil by childhood bBone content comprises appraximately 7% of body weight
(Malina, 1969},

During maturation of children, the chemical composition of the body
increages and moves clodely toward adult walues. The nlteagen, calciwe,
potassium, magnesium and phosphorus comtont will incresse, while water,
soddum, amd chloride lewels decrease [Forbes, 1962). When growth iz
rapid, the changes 1n the chenical composfitlen are rapld amd the changes
are slow when the rate slows [Forbes, 1962).

Extensive studies have besn made over the past 50 years of the
physiclogy of body Muid In children, however Tew measurements of total
body water have besn reported. This Teck of information can be attributed
to a Tack of a suitable method of measurenant applicable to the liwing

subjact [Friis-Hamsen, 1061}, & rapld decrense im total body water amd
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extracel lular water was foumd during the first yoar of Tifo. A small
decrease of the volupe of extracellular water occurs later in childhood
(Frits=-tansen, 1961),

The largest corponent of the body 15 water, comprising T2 - 734
of fat«froe body (Maline, 1969]. Edelmen, Heley, Schioberh, Sheldon,
Friis=Hamson, 5tell & Moore {1952} detcrminnd tobal body water of both
sexes Lhroughowt the 191Fe span by using the deuterium oxide d1lutien
techniqua, This technigue determines total body water by dilution of
dewteriun oxide, It may be 1 Eo 2% higher than actual water volume due
to excharge of deuterium with Tabile hydrogen atoms in proteins ard
carbohydrates. Subjects betweon bwa days and B6 years were measured,
The mean body witer was lower in females studied than in males of the
gang &fg., Tota] body weter detprmimed for males ome to mine years was
55.2 to &2.%% of body weight, and from 10-16, 51.B te 61,28, fecording
to Bdelman of a1.(1952), 9% was the estimated total Body water im
chfildhosd. Tt was comeluded by Fridis-Hansen, Holiday, Stapleton. &
Wallaca [1951) thet changes in body waber when expressed as 3 percentage
of body weight were due to the differences im the smount of fab. [f the
percefitage af water in the lean body is constamt, total body fot cam be
calewlatad {Brook, T971).

Body fat and lean body mass change considerably during growth. Dody
fat tends to sccumulate during groswth. In fetal Vife 0,3-1% of body
welght is fat, Until the third trimester of pregnancy, this percentage
slowly incroases. &t birth fat comtemt 15 approdimately 12-16% I:Fuq'hl.-:-,
1962) . Fat conient continues to imcrease durimg infancy and incroases

more gredeslly during childhood. The constant ratic of total body fat is



farmed by subcutaneous Tat [Parizokowa, 1961). This relationship chamges
dwring developrent and aging. There 15 a shift of fat from the subculane-
pus layer to the body cawities, amd from extremities fo the trumk. Im
healthy childron the greatest proportiom of body fat is im Ehe form of
subcutamecus fat and the ratic of total body fat and swbcutaneous fat
approaches the ratfo found in adults {Parizkove, 1961).

Parizkowa [1961) noticed a turning peint in development im boys amed
12-13. A temporary decline of body dansity occcurred in boys betweon the
ages of 10-12 years [average body demsity, 1.048 g/ml), and with the onset
of puborty the body density incressed considerably (average 1.063 g/ml),
Parizkowa (1968) conducted & longitudinal stwdy of the development of Body
composttion in 11 year oids, following them wp wntdl the age of 15, The
group of boys wes seperated into groups Teom highest activiby to lowest
activity. At the aoe of 11 tha avorage percent body fat of the highest
activity group was 15.7% and 17.2% in the lowest activity gromn. At tha
age of 12, the average peroent fat of the highest activity group was 14.0%
and 19.1% 1n the lowest activity group. A decrease in percent fat was
moticed im the highest activity growp wp wnti] the age of 15, and a decreasss
in pescent fat was also noticed in the Towest activity group. The only
increase in percemt fat occurred betwesn the age af 17 to 12 in Ehe Towelt
sctivity group.

Macy & Kelly (1956) studied bedy composition 1n childrem aged 4-12.
in the growp of 7=9 year old boys an average percent body fat of 24% was
pttaimnd. 1t was estimated in the 10=12 year old boys an average percent
fat of 8. In a stwedy comducted by Slaughter, Lohman, & Misner (1977), a
mean percent fat of 22.4% was abtained in Boys age 7-12. Forbes &
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Aichakied (1970) studied body fat in boys between 8 and 12 years. Fat
walght of 4.4 kg was s=en in the B year olds and 13 kg was the awerage
Tat welght for the 12 year olds. Macy & Eelly {(1986) found there was
3.5 - 18.2 kg of fot weight 1. boys aged 7-12,

Sady, Thompsan, Savage & Petrates (1582) comparsd bedy composition
data reported from wrestlers and 8 control group of boys 9 to 12 years.

In thelr study, the average percent Tt walue achieved from the wrestiors
was 13.3%, and 208 im the control group, The averape fat weight of

T.d kg was obtained From the contrel grouwp amd 4,2 kg was obtained from
the wrestlers. Im a stedy conducted by Cereton, Borlesu & Lobman (197G),
body density amd thickness of subcutansoues Fak in differant age growps
ware looked at. Im the 10-12 year old boys, & body demsity of 1.0628

afnl wee sttafrad actimsting 15.2% body fat. Kilmare & McMemara (1074}
ttudiad body compotition of 95 boys between the ages of B-12. The awerage
body density value of 1.056 g/nl was attaimed, ectimating 18.7% a4 Lhe
average percent fat for this age group.

Accordimg to Malina {126%) muscle weiaht of @ mesborn §5 comorised
of approximately 28% of the total body weight, In the averige adult malea,
muscle weiqht 15 thought to be 408 of body weight. Muescle weight in boys
& yesrs old increased from 42% €0 60.3% ot age 13, Following this increase
to the age of 13, a s11ght decrease followed (Malina, 1969).

Thee results of 8 study condwcted by Forbes [1972) Showed LBM to rise
from a mean walwe of 2] to 26 kg in the 8 to 2 yeor old boys. Maximum
LEM walums of 5% to 67 kg wern smen in the 18 to 20 year olds. ATLer this
age a slow declime contipues al a slew pace throwghout sdult 19fe. Only
a few “organs” im the body exhibit negative growth, adfpose tissue 15 ane

im which this ocours [Forbes, 1972].
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In ehfldren aged 7-12, Tean body mass of 26.2 kg was derived by
ileughter ot &1., (1977}, #According to Forbes [VOFE] the average value
for the LBM of B year old boys was 22-23 kg, This walee them Beging to
risa rapidly after age 10 to a madimum of 62 kg in males. Sady et al.,
(1582) conpared the body composition of wrestlers to a control arowp of
9 to 12 year olda. An average less woight of 20.3 kg was found in the

control group, and 27.5 kg in the wrestlers,

Comyersfan of Hody Density to Percent F&t n Children
Bo systematic imvestigations have been made of the relationship of

body fat and Swbcwtameous fat in childrem. The greatest proporticn of
body fat in mormal healthy childron is formed by subcutaneous fat, and
during growth, the ratio of total body fat ls probably very similar to
silulks {Parizkova, 1261), Ko specific research, howaver, has baen com-
ductod to comvert demsity to porcant body fat fn childean.

Houlton {1923) concluded that early in childbood Feb=free protopiasm
reaches 4 const&nt chemical compositiom with no substantial change. This
dogs not imply, howewer, that the valwes of density for fat-frese body
nass im children agree with similar values For aduits,

Dwe to the lack of knowladge of body compesition im children, no
specific equation axisis for conwerting body demsity to percemkt fat im
children (Durnin & Rahaman, 1967). [t was concluded by Malina (1960)
that a direct amalysic of adipoge tissue of children 15 nesded bo assess
the relationzhip of converting densfity to percent fat. The cadsver
studies upon which various formulas are based bBave not facluded childeen

(Gady et al., 1982).
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Sied [1961) estinated & standerd deviation close to ¥ 385, To
approximate the wncertainty for estimetirg fat from density. it requires
that all adult humans be {dentfcal I compocsition except For diffecences
i their proporticss of sdipose tisswe. According to Dekker & Stewiken-
kanp {1977] a biolopical variation in lTean body mass demsity corresponds
to a 3.4% standard devwiation when estimating fat content. In the general
population, estimoting bialegicel variation of Tat-Free body and lean
body mass yield simiiar reswits for estimating fat. Howewver, for certain
bumogensous popalations (1.e.. gymnasts, long distasce runners, etc.),
the reduction error im estimeting fat may Bo considerabls {Lahman,

T281) .

Bedly demsities are known to chamge from populatios to population,
Teking into account age changes and sex df fferences Brazek (1961) pointed
out quantitative corrections of the fermula for predictimg body fat. A
walwe of 1.10 gm/cc was establisked Tor young sedemtary adult males
(Brozok, 1861}, For children it would appear the fat-free body density
fg Tower tham 1.100 gmfce, because of the difforances in the chamical
composition of water content, bone, snd Tat-Troe adipoce cfesws [Lokman,
1081).

Thesre seens to B a wide rarge of normal percent fat for boys moticed
by Sady et al., {VOB2]. Wilmore & McMemara (1974) neted in their study
that Wigh relative fat walwes are most 1{kely the rosult of uiing equas
tions develeped for mature adalts. The reason for this nconsistency may
b Ele result of assomed density of the lean tisswe in the formulas used
Eu coavert body densily Ro percent fat, which may be toa kigh fer younger

Biun oo oo )
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oys. This can be duw to the diffarancas in total body water and density
of bone betwsen the tmsature Boy and the man. Youmger boys have higher
total body water and owor bone density than a mature men. This may
result in & Tower value for the depsity of the lean Tissue, which would

lower calculated waless for percent fat (Wilmore & Mchamars, 1974).

Conclusion

HWpdrosteatic woighimg has beaon accopted as one metkod of determining
body density in order to predict percemt fat. Howover, differeaces exist
cancerning which Tung valume to assess durieg the hydrostatlc welghing,
due bo the apparest inconsistencies found by diffarent researchers.
Residus] volume cbtained om land or im the water was investigataed hy
saveral reseorchers. The results of performing RY while being submerged
or While on land were inconsistent. Those rasults may bo attributed to
the ipdiwidual®s ability to perform the maneuver of & full expiration
prior to submersion. Hydrostatic weighing with TLC has beem shown to
offer seweral practical advantages owor BW. Reducimg the psychological
effect can enable the subject to feel confortable amd stable while
submerfged. [ncreasing the time the fnvestigator had to obiainm the wnder-
water weight may enable & more accurate resding.

Further stwdies arp nogded concerning body composition im childrem.
Changes that occur throwghout & child's development need To be thoraughly
imvastigated to obtaim appropriate smalysfis of body composition. AlERough
body demsity calculated from hydrostatic weighimg hes been inwvestigated

in children, no specific Tormala exists Tor converting the demsity to

percant body fat.



CHAPTER [11
METHIDS

Intreduction
The methods &nd procedures wsed im this stwdy ore prasented in the
following sequance: Suhject selection, general procedures, testing

procedures and statistical treatment.

Suh!er:t Sl ech]an
& total of 42 bovs ranging from 8-12 years were swbjects for the

study. The subiects wers volunteers obtained through amncuncemests to
faculty members and participants im the Adult Fiteess and Cardiac Reha-
bilitatfon Programs at the Umiversity of Wiicomsin-Le& Crosse., Interested
parents roceived & lattar of information explainimg the proceduras
ineolwed (see Appendia A). AT proceduras end potentlal risks wers
grplained to the parent amd subjects. A comsent form to be read amd

stgned accompanied the procedural letter {soe Appendix H).

General Procedures
Participation in the study favelived two to three visits to the
Human Porformence Laboratory at the University of Wisconsin-la Crosse,
The First visit was an orientation to the gemeral procedures. A1 pro-
codures énd possible risks wore agatm explained to the swhject and their
parents. During tha first wisit, the swhiect wat inktrodipced to the
spirorsbry procedure, residoal valume and underwater weighing procedures.

Meosurenents of each procedure were taken during the First visit as &

E
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practice trial., The secomd wisit to Che laboratory inwolved a repetition
of tho some messurenents. Deta wore collecked during the secomd wisit 4T
the investigator felt confident that the performance of the child was
mazimal, If a child was unable to parform tha procedures accurately In
the researcher's opinfon during the second vielt, a third wisft was

seheduled.
Instrumentation ard Frocedures
Filot Study

A pllot stwdy dn = 7] was condected to determine the test-retest
relfability of the methods af BV and TLC. The procedurss wsed Tor this
pilot study were fdentical Lo those presemted beles. The subjects were
boys batwean 8=12 ypars olds Besults of this pilet study &re included in

Chapter T¥.

ip'lr'n“t.ry-ﬂ-ua.:uwt af Vital -l:!l:u:'il:_i

Introdection

Tatal lung capacity was determined by adding the maasurements of
¥ital Cepacity (VC) and RBY. YWita)l Cepecity 15 the total wolume of air
that cean be expelled from the lwngs after a maximal inapiration. This
lung wolume cam ba calculated direckly from a spirometer. A1 gas volunes
were mepsured at Anbient Tempsrature and Pressare Saturated (ATRS) and
converted to Body Temperature amd Pressure Ssturated {BTPS).

Equi prent
The follewing equipnent was wsed Tor measuring VC: A Colline 13,5

liter recordimg &pironoter, nose c1ip, chart paper, chart pen, mouth-

plece, and a metric ruler,



21

Frocedurad

Tha subjacts were instructed to g1t comfortably facing the spirometer,
K11 Anstructions were explained and demomstrated to the subjects before
the trial. Following instrections, & nose clip was placed on Ehe subject’s
nose to imsure that all expired gas would pass Ehrough a rubber mouthpiecs,
The subjects were instructed o place their mouth over the entire
mouthpiece, I[n each trial the subjects were instructed te inspire maxi-
mally, then expire &5 completely as possible, Three trials were perfomed
with a few minutes betweem each trial to allow tee subjects to relax. A
vortical Tine wes drawn by the spirometer Indicating the wolwwe of air
inkaled and exhaled,

Caleulakions

Tha vertical Vines displaced by the spirometer drum reprefented the
volume of air inhaled and exhaled. Each Vine was measured with a metric
ruler, and the Tine measuring the greatest was the walus used im tho cal-
culatfon of VC. This value was converted to milimeters [mm) amd was
nuitiplied by & conversion factor, which was obtaimed from the temperaturs
of the spirocmeter from a comversfon chart. This value was converted Lo

1iters amd represented WG at BTPS.

Residiea] Volwie
[ntroduction
The RV i the anpust of &iF Teft in the lumgs after a maximal
axpiration, The mathod used to nessure RV wes the closed-circult oaygen
dilution technique described hy Wilmors [1969). Inspired and expired alr
vas amalyzed continuously By a Collins Kitrogen Anélyzer {mode] number
21232).



25

Equipment
The eguipnent needed in the testing of RV inclwded: A modified

Cobllims & 1iker recording spircmeter, A Collins Ritrogem Analyzer (model
number 21232), onyges [podical grado, dry), two-way breathing valve,
corrugated plastic base, pose clip, an adiustable valve holder assembly
and stool.

Procsdires

Calibrstfon of the BY apparatus was condwcted cach dsy priar Eo
testing. This fevelved the use of a slx liter splrometer which measured
the voleme of owpgen wsod during the trials to determine AV. A toktal of
top semple volumes were entered Into the spirometer Tor 4.5 seconds.

The awerage of the 10 sarple volumes was used as the amoent of pura

paygen introduced fmta 8 fwe Uiter rubber breathing beg, The pure oxygen
would orter inko a fiwe liter rubbar breathing bag by opening & two-way
valye. The bag was vacuuned free of air before the oaygen would pass
throsgh the valve. Flushing of pure oapgor amd wacuuning gas fontents
o performed @ to 3 times to assure a pura concentration of axwaen.

For the RV determination, the subjects were seated in front of the
Kitrogen Raalyzer which determines the pescent of mitrosen 1n the s
spired and expired afr. The subjects wore Instructed to lean §159ghtly
forward inm a position cliosely related to the position obtained in the
wnderwater welghing tank,

The procedures were saplained Lo Lhe sublects prior ta the
maasurement. A nose clip wes fastened pwar each subject's nose and the
subjects ware instructed to place their mouth around the mouthpdoce.

The subjetis were instructed Lo breath normally lor & Few seconds, amd
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then instructed to inspire maximally follmead by a maximal cxpiration,
At Ehe completion of Ehe maximal expiratiom, the sublects were instriected
to slgnal the investigator by tapping kar on the hand. The inftial
alwenlar nitrogen concemtrat|en [nnz] Was recarded for each subject.
At that time the subjects were immediately comnected to the bag of pure
oxyqen by closing the valve to romm air. The swhjects wers then fnstructed
to broath reasonably deeply amd quickly. At tki: pofak the Impurity ol
nitregen In ke original volume of oxygen was recorded []HE}. Nehreathing
continugd wntfl an equilibriun was reached between the oxygen in ke bz
and the air remaining im the lumgs; this measurement was recorded [EHE].
When the equilibrfum was reached, the subjects were instructed to
take & depp breath in, and then expire maximally. The subjects ance again
tappad the inwastigetor whan thoy oxpired all of their sie. The Tinal
eoncentration was recorded (FN,) and the subjects wers instructed to
romowe Lheir mouth from the mouthoiece. A second trial was pecformed
with a few minutes of rest betwsen trials. [f & difference of &0 ml wag
oheerved Between trials, a third trial was performed, and the average of
the trials was wsod,
Calculations
Residual Volume waos calcwlated by the following: (The data sheet
wsed fA the test 15 presented in Appendiz ©.)

o= Ve (EMy - IM3) gy Btrs Facter
(AMg - FMo}

- the initial volume of awygen in Eke splrometer syciem, including
the dead space between the spirometer hell



EM, =  decimal Fractlon of mitrogen at the point of equi11brium

I, = decimal fraction of nitrogen initially im 'I'I:IE

M, =  decimal fraction of mitregen In alveclar air inftially when
breathing rom alr

FM, =  decimal fraction of nitrogen in alwveclor air at the ond of
Lhe tmst

s o= the dead space of the mouthpince, sensing element of nitragen

analyzar, and o small portion of the breathing walwe, which
represented (06,

(Wilmore, 1969, p. B6)

Hydrostatic Weighing

Introduection

Hpdrostatic weighing 5 thowpht to Be the standard Tn the predictian
of body density amd 15 based on Archimede's Principe,. This principle
ctates Ehat an abject femersed dn 2 Fluld loses am anowent of weight of
the fluid which is displaced. Subjects were weighed by two different
methods. Ome meihod used BU and the other wsed TLC for determination of
body density amd percent Tat.

ipmnnt
The eguipmont wsed for hydrostatic welghing Incleded: K 4' x 4" x
4" water fmmersion tank [model nuaber 09771}, aubopsy scale {(Chatilliom
& Som, Mew York, N.Y., model nomber 8-2096 accurate to 2% grams), water
therpometer, diving weights, sabmersible seat, mose clip, bean balamce,

and Gontinental lealth=0-Meter Scale (mode] number 400 DLK).

Frocedures
Frior to the underwster weighimg, the subjects were asked to Fast

ror at least six kours. Before entering the tank, dry weight was obtained
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an & Continental Health=0=Meter scale, with the subjects dressed in thair
wwim sults. The subjects were than instructed o shower to remsve any
dirt and of1 from the skin. The subjects entered the tank and wera im-
structed to sit comfortably on the chair. The chair was suspended Trom
& 15 kg autopsy scale gredwsted in 35 g increments, Tastened to the
cedling. At this point the swhjects were ssked to draw a nmber out of
a bon to indicate which test would be performed first, sithar the RY or
TLEC techrigue. The subjects wara then instrocted to remove afr trapped
in their swinming appare] By rubbing thefr suits.

fesidual Yaolune Hethod

The imvestigater explained the proceduras of the specific test to
pach subject. A mose clip wés securely placed on the subject’s mose.
The subjects were asked to move slowly when swbmerging under the water,
holding on to the sides of the chair Tor support. The subjects were in-
structed to take a deep breath in, then submerge as they maximally exhaled.
If any mir remained im the Yungs, the subjects were instructed to blow it
all out urder the water. Below the surface, Che head was lowered and
drawn towsrd their knees, While tho swhjects were completely submerged,
the investigator chtained the welght from the autopsy scale. The inves-
tigator knocked on Ehe Lank 1o 30qQnal Lo the subjects %o 5L 1n the
upright position, with their head out of the water, This procedure was
ropoated untll three 1dentical welghis were recordod. Appropriate Lime
was given between each brigl te allow the swhjacts to relax.

Calculations. The welight of the chalr was peasured prior to testing
and was subtracted from tne observed woight. Body density was calculated
accordimg to the following formula: (The data sheet used in the testing

is presented in Appendix D.)
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- RY = 0.1 Titer

D8 = body density
- mass in the afr fin kg

W = pass im the water

M = density of the water

f.1 Hter = afF In the gastro-intestinal tract

B = resfidusl wolume detormdmed by the closed-cirvcuit oxygen
dilutfon technique

| {Buskirk, 1981, p. 102}
The body density value was calealated in the Following formula to
determine percent body Tab:

1.570
% Fat = —— - A0z %100
]:“ﬂ ]

iRrozek ot al., 1963, p. 131}
Total Lumg Capecity

Total Lung Capecity procedures were vxplained to the subjects, Tha
procedures were similar to that of AY with the sxcepbion of #sking the
subjects to inhale meximally before sobmersion. The subjects would sub-
norge themselves under the water simflar to the RV method, Breath was
held wntf]l the welight whderwater was obt&ined. & knock om the tankt was
given to signal to the subjects to sit in the wpright position, with

thair head cut of the water. This procedure repested wntd] three identical

i L R A P A A, e T T e R N e g A T



weights were recorded. Appropriate time was given between each trial

to allow the subject to relax.

Caleutatfons. The percest fat (Brozek ek al., 1963) and body density
(Buskirk, 1961) wers calculated from the standard formwlas presented
earlier with the axception of substrecting the TLC measurement obtained
by sdding the RV [determined by the closed-circuit axygan dilution
technfque) and VC {determined by the splrometer), The data sheet used
in the testimrg 15 presented in Appendix E.

statistical Treatmeat
Ltandard descriptive tecknigues were used to dsscribe the subjfects,
Dependent t-Ledls were wsed Lo amalyze the data at the (05 Tewsl for

significamce for a two-tailed test. A Pearsonm Product Momomt Correla-

tiom was Jsed im the pilot stwdy.




CHAPTER IV
RESULTE AMD D]SCUSSION

Intreduction
The purpose of this study wes to determine 1F there wes & signifi-
cant differemce in the density amd percent fat as & result of hydrostatic
welghteg technigues wstrg RV snd TLC tm bays ages 8-12 years. This
chapter tréludes & description of the Subjects, the statistical snalysis
of the collected data cbtained From Lhe hydrostatic weighing techniques,

and Turd wolume measurenents.

Sublects
The subjects inwolwed in this study were 42 boys bebween O-12 years

old described fn Takle V. The subjects wore volunteers ond residents of
the La Crosse, Wsconsin, ared, The sehjects Tor thig E-tl.l:ﬂj' WEreE CNDa-
roble fn body composition to other 8 to 12 year old bays.

Table 1. Means and standard deviations of descriptive
characteristics of subjects [n = 42)

Variable Mpean =
Age (yr) 10.4 1.32
Height {cm} 148, 2 400
Baight {ka} .9 2.18

In this study the groep of boys compared Faverably in helghl asd
welght to bays of Limilar sges in other studies (Mecy & Eelly, 1966;

1
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Fortos & Mirhakine, 1970: Wiloore & Mchamara, 1978; Lobtman et al..
1979; Slawghter et al., 1977; Sady et al., 1082).

Beliability of the Measurements

& pilot study was conducted prior to actual dats collection to
establish the rellabiVity of the measures. A total of 7 bays between
8-12 wears old wera subjects For this particular stiedy. Measurements
aof VL, BV, body demsity and percent obtained from hydrostatic weighing
&t RY and TLC were obtained twice. & Pearson Product Moment Correlation
was used to determine the test re-test reliability coefficients of AN,
VC, bedy density amd percent Tab measurements. The relfabililty coeffi-
cients for all measurenents rarged from 0.93 to 0.98 amd are presented
in Table 2. These high correlations indicated that the moasuremants

were relfable.

Tabie 2. Reliability ceefricients For [ 4%sc ooy

reasurangnts
Warfable Correlation
between T, and T
] 2
¥ital Capatity BT
Resfdusl Yaolume « 25T
Body Density |Residual Wolune) JS53E
Body Density (Total Leng Capacity) 256

Lung Volume Measurements
The mesns and standard deviattons of RV, W2, a&nd TLC Tor all subjects

arg reparted fn Teble 3. The lTwng volwmes, VO, AY and TLC reported in

' tee present study are in close agreement with the values reported by



others for boys B=12 (BImore & McHamera, 1974; Jensen, 1979; Ferris,
Whittenberger & Gallagher, 1952), Resideal volume was measured on Tand
utilizing the elosed-circeit oaygen dilutlon tecknioues as described by
Wiimore (1559) ond resulted in @ mean of 0.5624 liters. Restdual volume
mepfured on lend has hean foand to he more &céurabe than wndérwaker
“.gu!l'.m‘li ot &1., 1966; Bondi et al,, 1576; Robertson et al., TEI.'I'E],
Measurements taken wnderwater present o full expiratios, due te collapaing
alirways. Measuring BY 1mmersed may wnder estimate the body density walwe
and percent fak dum to the inability to completely exhale. Therefore,

the AV was determined on Tand 60 this study.

Table 3. Means and standard deviations of Tueg
volure measuronants [(§ = 42]

Yariable Fean =
Besidual Volume [:L} D524 0,152
Vital Capacity {L} 2.50 0,551
Total Lumg Capactby (L) 1.215 0,644

Vital capacity was measured on lapd with o spirometer. & value of
2,052 Viters wae attained as the average ¥ measurenemt. Total lung
capacity was neasured by adding the results of Wi obtained frem the
apirometer, and the BV measurenent obtained Trom the ¢losed-circuit
axygen difution Lechaigee. A value of 3.215 1iters was the average TLE
measurgment. Since the mogsurements of WC and TLEC were attafned on

fand, differences 1n total body wolwme due to hydrostatic pressure may
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have resulted in a s1ight overestimation of TLC {Agostoni et al., 1966:
Behnie et al., 1902; Brozek ot &l., 1976; Carey et al., 1986; Cradg &
Mare, 1967]).

These studfes indicate that YC and TLC decreated when measured while
the subject & fmrersed in water. A dacrease in TLC determined imderwater
may be due to hydrostatic presswure which inhibits the force of a full
imspiration by cempressing the chest. Lueng conpliance may be recuced dus
to a blood shift to the thorax attributed by the compredsion of waker on
the blood vaseals of the extremities (Homilton B Mayo, 1074; Aocetomd
et al., 1966; Dalback & Lundgren, 1972}, These results indicake that W0
ared TLE measurad an Tard may accoumt for o higher Tung woleme valun than

actually performed in the undorwater waighimg.

Body [ensity and Parcent Fat Measuremants

The subjects for this study were comparable in percent fatc, body
densfity, lean welght, and fat weight to those walues reported for other
B Eo 12 year ald boys.

Table 4. Heams and standard deviatioas of body compoasitice

parameters using hwdrostatic waighing at RV and
TLC {n = 42)

Variable Hnsidueal Volome  Total Lung Capacity
Mean ¥ 3D Mean 1 5D

Body Dansity (D) a/ml 1.0629 0,004  1.0640¢ 0,0128

Parcent Fat 15.8 L. 15,4% L.22
Fat Meight (kg) 6.3  3.47 E.0%% 3,20
Lesn Meight (ky) 1.6 6.50 N+ 6.9
4 p 08

g €00




Farfzkova {1968) conducted a longitedimal study of the developnest
of body composftion in 11 year old: and Followed wp wntil the age of
I comparing highest sctivity group to lowest, At the age of 11, the
SVETAQE PEPCERL hihd,}.l fab of the highest activity groap was 15,75 and
.28 in the lowest activity group. Mecy & Eelly (1956) studied body
composition in childran, In the group of 7-9 wyear old boys, an average
percent body fat of 24% was atkained. iAn ostimeted 283 was determined
as the average percent fat of the 10-12 year olds. A mean percent fat
of 22,4 was sttained in boys aged 7-12 in a study conducted by Slawghter
et al. (1997). GBady et al. {1982} compared bBody cawposition in wrestlors
and & control griwp. The averagpe percent fat value achioved from the
wWrEdtlers was 13,38 and 20% 10 the control group. Wilmore & Mchamara
[1974) stwdied body composition of 95 boys bebtween the ages of B=12,
The average percent Fat valwe of 18.7% resulted.

There seems to be a wide rarge of percent body Tak reported Ter Boys
im this age gresp. Sady et al. (1982} noted in thelr investigetion of
tody conposition im boys that 2 Targe renge of percent body fat exists.
Wilmare & McMemzra (1974) noted in their study that kigh percent hody
fat waluas for childrén are most Tkely the resalt of using equations
developed for mature sdilts, This fnconsistency may be the result of
acsumed density of the lean thzsue fn the Fformulas used to comvert Body
density ko percent fat, which may be too high for youmner Boys. This
can be dug to the differsences in total body water snd dessfity of bone
batween the immsture boy and the mature men. foungar boys hawe highar
tatal body water and lower bona density than a matwre man, which may
result in & lower walwn for the density of the lean tissue, which would

tower calculated values for percent body Tat, i
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Desly density walwes, Tab welght and Tesn weight of the boys in this
study compared favorably to boys m okther studfes (Macy & Eelly, 1956;
Forbas & Amirhakimd, VOF0; Parizkowva, 1961; Sady et al., 1902; Wilmore
& McHanara, 1974].

The comparisen of body composition parsmoters detormined by hydro-
static waighing at BV and TLE were presemted in Table 4. In order te
detersing any statistical significant difference, @ dependent t-test was
performed on these data at the .05 level, A comparisen of the results
of hydrostatic weighimg &t BV and TLO was tested Co determine §7 TLC
¥leld the same resolte statfstically as AW,

The mathod of hydrostatic weighing at TLC reswlited fn & sionifi-
cantly {p < .08) higher body density velue then at REW. A density value
of 1.0640 g/ml wWas attafned from the TLC mathod, whereas 1.0629 g/m]
wWis attafned from Lhe RY method. Therefore, percent fat was found to be
slgnificantly [p € .06) Tower with the TLC method tham the BY nmethod,

I percent fat of 15.4% reswlted from the TLC methed and 15,85 was estd-
mated Trom the BY method.

In the determination of Tean weight, the TLC method resulted im a
signtficantiy (p < 06) higher walwe af 31.6 kg, while 31.5 kg was
obtatned from the AY mothod, The fot weight estimetion was found to be
stgnifieantly (p € .01) highar n the AV method (6.3 kg), compared to the
TLG method (6.1 ko).

These results showsd a small but statistically sigmificant difference
bebween Lhe results of hydrostatic weighing techniques TLE and RV in baoys.
Those results are i agrecsent with the stedy conducbed by Weltman &

katch (1981}, which demonstrated & small but significant difference of
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hyrdrostatic waighing at BV and TLC in adults. The observed wesn diF-
ferences for percent fat of 0.5% for mes and 0.%% for woman wers noticed,
comparnd Lo the 0.8 differesce in the present study. Weltman B Katch
{1987} concluded that the use of hydrostatic weighlag at TLC kes appli-
cation to individuals who are wnable to succesafully perform the RN
methed of & maximal awhalation while submerged umderwater.

The results obtatned from Wells et al., (1982) showed & signdficamt
difference (p £.06) in body density determined by RV amd TLE im boys. A
mean differance of 0.002 g/ml resulted betwsen the body density valuss
in Lheir Study, which resulted in a 5% difference between parcent fat
values, A small difference of 0.0011 gfml was found tm the presest stdy.
Hthowgh a significant difference occurred, a simple linear correlation
of r = 0.89 bebwesn bhe twd body density messures resulted fn the Stedy
conducted by Wells ef &1, {1582), With these results, 1t was congluded
that mydrostatic weighing with chiidren who are wncomfortable in the water
may Tind TLC a comfortable amd stable means of aschieving body density
underwaler.

The results of this study fedicate a small bat sigaificent differ-
efnce bebtween the reswlis of hydrostatic welighing at BV and TLEG in boys
eged B=12. While statistically different, it may not ba of practica’
impoartance. This differance may be a result of the foct thal the Tung
wal e pessurements were measured on land and an ovorestimation of TLC
may have resulted. Also this small differance s within the error of
measurerent previoualy reported for hydrostatic welghing (Siri, 1961).

Tatal lung capacity offers soweral practical sdvantages over hydro-

ctatic weighing at RV. Hawing the Tumgs entirely filled with air may
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reduce the psychologieal effect. Also the investigator had more time
to abtain the underwater weight, which allowed & wery stable reading.
Therefore, hydrostatic weighing &t TLC skould be a chadce in individuals
who &re unghle to perform hydrostatic weighleg at BY.



CHAPTER W
CORCLUSTONS

Sumnary
The purposeé of this study was to detornine 1f hydrostatic weighing
at MY amd TLC statistically yileld the same Fesults Tn boys aged B-12,
Forty-two subjects were underwater weighed at BV and TLC to deters!ms
body density walwes. Porcent fak was calculated from tho attaimed body
depsity values and leasm welght and fat weight were deternined From these

mepasurements, A stabistical analys!s was assessed to determine the 1] =

niricance at the .06 Tevel.

Conclusians

The follewirg conclusions resulted from this study:

b, Hydrostatic weighing at TLC produced & migeer bedy depsity
value Ehan &t B, therefore & lower percent fak was estimeted in the
TLE method,

£, Hydrostatic weighing at AV prodeced a higher fat weight tham
TLE, therefore a Tewer lesn weight was estimated In Ehe BV method,

J. Hydrostatic weighing at TLC may offer prectical spplfcation
to individuals who are uncomfortable in the water.

4, Alchough a slanifcent difference was estinmated Gonparing
hydrestakic weighing at AY amd TLC, Tk resalted in & mean difference
of .44, This observation 15 within the ¥ &% arror associated with the
measuremant of body demgity obtaimed from Bydrostalic welghing {5ici,

1961). Therefors, the wie of hpdrostatic waighing at TLE has
£ ]
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application where subjects are usable to successfully perform hydrostatic

wedghing at R¥, performing & mazimal expiration.

Recommendat { ens

The following are recoemendations made in refereace to Tubure
studies:

1. OIn this study, W& was measured on land. [t would be imtoresting
to perform VG 16 the water and compare the difference,

2. FEaessarch 15 rmaded in devalopimg & Tormmla to conwvert body
density to pereent Tat i children, simce no known formula exiats,

3. Ous to inconsistencies 0 the results of B, VC, amd TLC mess-

ured wndersater, further ressarch §s eeeded.
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Appendix A

Dear Farent Gusrdian:

Maat studies of b composition and physical fliness
of children cecur only at ene polnt in time end few have studled
the same ehild over & peried of years. What are the normal
tody ceompesitlon changes thet cocour in the young beoy as he grows
into hisg teens? Obvicusly he becomes stronger and grows in both
height and weight but what specific alterstions cocur?

For the past few years we have been gathering longitudinal
data on & group of girls between tha ages of 7 and 11 years of
age to help identify these changes in girla. This year we
would like to expand this study to include boys in this sane
age regnge and would llke to extend am invitation to sou and
your spon to participate.

Participation in this study would involve two, one-hour
wigits to the Human Performamoe Loboratory (225 Mitchell Hall)
an the univaraitﬁ of Wisconein-La (rosse campus &t your conven-
isnce. During these wisits we would determine your son's per-
cant body fat through an uwnderwater welghing procedure. The
tndarwater wnighing reéguirer the boy to be submerged undersater
far a peried of 4=6 seconds, thersfore it la necessary that
your soni be comfortable in the water. The specifice of the
test are explained on the enclosed sheet. A&t the eonoclusion
af all data cellection you will be sent your mon's individoml
data ag wall & a summary of ke total results for eomparison
TUTTCERS -

Flazse read the enolosed materiale and if, after discussing
this with your son, you are willing to hava him participate,
pleases indicete your willingness on the enclosed shest end re-
turm in the self-asddressed, stsmpad envelops. i

Sinoerely,

Hanoy Fay Butts, Fh.O.
Azzocigte Profesgor
Director Research Unit
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Appanwiix B

FPARENTAL INFORMED CONSENT

FOR BODY COMPOSITION TEST
I, the parent/guardian of » Elve
m¥ permission Tor sy son o participats the o conpealtion
study being conducted in the Human Performance Laboratory at the
University of Wisconsin-La Crosse, I understand that leipation

in this study will involve two visits to the Human Performance
Laboratory and that emch visit my son will have anthropometrie
measurenants taken, reaidual wolume determined and bte underwater
welphad., I also wnderatend that I say withdraw my son from the
study at any tine.

In eay type of testing situstion some potentlel risk is imvolwved.
In working in B water envireonment these risks inelude infeetionm,
apcident and posslble drowning. Howerver, thére has never been
an acident reported of infection as & result of tha hydrostatio
weighing procedure at the Human Performance Labaratery.

The actusl testing will be sonductsd by Hary Delisic, a graduste
student in the Adult Fitness /Cardias Rehabllitetion program at
the univarslt¥ af Wisconsin-La Crosse. GShe will be under the
supervisien of Naney HKay Buttta, Fh.D

I. parent/guardian of

+ Apprave artic-g
ipation of my som in the body composltion test at the Human Fer-
fermance Laboratory at 4re University of Wisconsin-La Crosse. I
have read the foregoing and I understand it, and sny etian
which may have ococurred to me have been fully answered to my sat-
fgfaction. The pﬂtm'h:l'.ﬂ rigks have Boon npl-l!llnud td me and I
fully ynderptand their implications. I hewveby acknowledge that
ne repregentations, warranties, guarantess, &F Assuranses of any
kind pertaining to the proecsdures have basn mede to me by the
Intversity of Wistomsin-La Crosse, the officers;, mdninistratora,
anplovess, or by anyenes acting on behalf eof any of them.

Signed: Tiagg s
iparent/gdardlen p

Address: Phowne 1

Witness: Dete:
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Appendlz O
Eesidus) Volune Data Sheet
s Firat Last e
Trisel 1. Triml Z,

Initial Volume of 0, (V0.):

iy (Impurity) (IN,): -
HHE (Alveclar) (AN5):

F['I2 {Equilibrium) Eange:

B, (Equilivreium] (ENy)s

BN, (Final) (i )«

Dead Space (DS)a

Resldual Volume = V0, (EN, - IH,)
= 05 x BTFS

Wilmorse, J. H. [(19449)
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53 I
hppendix D
Underwater Walghine- AY Date Sheet
Rans Date of Birth Data
Helght i inches Welght Lba. Kgs .
Immersion Tank Temp. [+ I}m:iEy of Water {IJ.H,}
Aesidual Volune L. :
Trisl #1
Maga in Alr {Hni Kg. 2
Mess in Water {“.:{} __kg. E
tanpg aff 'i'la-iah;f.n? Apparatus EkE, g
(in water E
roes of Water (M,) = M, - N, _ - q :
- 10
Adr in GI Tracts 100ml. = 0.1L.
HA
body Dansity U}B:I .
My = Wy
= R¥ 0.5,
Ijl
% Pat = L. 570
- b, 1h2 x 100

Py

Brozek et al. {1%83)
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Appendiz E

Underwator Welghing - TLC Dats Shest

Kaps Date af Birth Dt

Helght It. Inohas Welght 1lbm. kgs

Vitel Capeoity

Regldual Yolume

Total Lung Capacity Yo o+ RY =TLC

Immersion Tank Tenp- . Damsitg of Water {h“}

Totel Lung Capacity L. Trial #1
2

Mass in Alr {Mﬁ} KE.

MusnfmﬁﬂrWE] Eg. =

KE.

Mass of Welghing Apparatus (M)
{?ngﬁatgr}Pp |

H .
S B RN P

Mass of Water (M ) = Ny - My . kg.

Alr in GI Tracte 100pl. = O.1L.

My
——— | = TC - 0.1L.

Body Density [DB} =

4,142 w 100

Brozek et al. (1963)



