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ABSTRACT 

McGARTY, JOANN M. Com arison of three hydrostat5c weiqhinq 
methods. M. S. i n  -- Cardiac Rehabilitation, 
1982. 65 p. (N. K. Butts) 

This study compared hydrostatic weighing (HW) at residual volume (RV), 
total lung capacity (TLC)-dry and TLC-wet in the determination of body 
density (00) and percent body fat (%BF). Considering the comfort of 
the submerged Ss, it was the dim of this study to establish a HW method 
which was reliable. Student volunteers included 44 competitive swim- 
mers (25 females; 19 males) and 55 noncompetitive swimmers (31 females; 
24 males) ages 17-34. Residual volume was determined by the open 
circuit nitrogen washout technique. Dry and wet measurements of forced 
vital capacity (FVC) and TLC were obtained from all Ss to determine 
appropriate measurement in application to BD and %BF calculations . 
All Ss underwent HW at RV and TLC. Three BD and %BF were calculated 
for Ss by applying lung measurements of RV, TLC-dry and TLC-wet. Ss 
noted method preference; at RV, TLC or neither. A 3 way ANOVA with 
repeated measures followed by a ~cheffe~~ost Hoc Test was used to 
analyze the following variables: FVC-dry, FVC-wet, TLC-dry , TLC-wet, 
BD and %BF by HW at RV, TLC-dry and TLC-wet. A Chi Square analyzed 
Ss HW method preference. There was a sig (p < .01) reduction in FVC- 
wet and TLC-wet when compared to those measurements dry in Ss combined. 
There were sig (p< .01) diff between HW at RV vs HW at TLC-dry and 
HW at RV vs HW at TLC-wet ('F %BF differences = 3.64% and 1.77%, 
respectively) in Ss combined. %BF with HW at RV > at TLC-wet > at 
TLC-dry. A1 1 subgroups and Ss combined preferred HW at TLC (p < .05). 
The sig diff in HW methods may be due to an underestimation of RV 
during HW at RV and an overestimation of TLC during HW at TLC-dry. 
It was concluded that HW is not equivocal at/RV, TLC-dry and TLC-wet. 
HW at TLC-wet may be most accurate in %BF determination. Previous 
research supports the conclusion that pulmonary air trapping was 
reduced or eliminated and TLC was truly represented during HW at 
TLC-wet. 
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CHAPTER I 

INTRODUCTION 

I Speci f ic  physical charac te r i s t i cs  have been i d e n t i f i e d  i n  people 

I which have enabled them t o  achieve success i n  the performance o f  sports 
I 

1 and physical a c t i v i t i e s .  An area o f  study deal ing w i t h  one o f  these 

physical t r a i t s  i s  t h a t  of body composition (Karpovich & Sinning, 1971). 

Body densi ty  and percent body f a t ,  i d e n t i f i e d  as descr ip tors  o f  

body composition, have been used t o  assess physical f i t n e s s  and per- 

formance leve ls  i n  the ind iv idua l  (Cureton, Hensley & T iburz i ,  1979). 

Ideal body f a t  f o r  co l lege age men and women have been repor ted t o  be 

12 t o  15% and 22 t o  25%, respec t i ve ly  (Sloan, 1967; Wilmore & Behnke, 

1970; Zu t i  & Corbin, 1977). 

Hydrostat ic wcighing (HW), w i t h  the use o f  proper equipment, i s  

one o f  the most popular and accurate techniques o f  i n d i r e c t l y  est imat ing 

body densi ty  and percent body f a t .  These measul-ements are dependent, 

i n  par t ,  on the volume o f  a i r  present i n  the gas t ro in tes t ina l  t r a c t  and 

I the lungs a t  the t ime o f  weighing. Due t o  the  f a c t  t h a t  a i r  adds 

I buoyancy, the volume o f  a i r  must be taken i n t o  considerat ion i n  the  HW 

process (Thomas & Etheridge, 1980). The ease w i t h  which the subject 

1 adapts t o  the water environment during the t e s t i n g  procedure has per- 

' s i s ted  as a b a r r i e r  i n  a t t a i n i n g  a prec ise est imation o f  percent body I 



Need f o r  the Study 

It has been establ ished t h a t  the  determination o f  body f a t  and 

body densi ty  by hydrostat ic  weighing i s  dependent on lung volumr\ 

measurements (Brozek, Henschel & Keys, 1949; Welch & Crisp, 1958; Jar- 

r e t t ,  1965; Craig & Ware, 1967; Dahlback & Lundgren, 1972; Eondi, Young, 

Bennett & Bradley, 1976; Prefaut, Lupi-H & Anthonisen, 1976; Girandola, 

Wiswell, Mohler, Romero & Barnes, 1977; Robertson, Engle & Bradley, 

1978; Thomas & Etheridge, 1980; Weltman & Katch, 1981). Numerous 

invest igators  have focused t h e i r  a t ten t ion  on the development o f  a HW 

method using various lung volume measurements. These attempts were made 

t o  establ ish a hydrostat ic  weighing method which was r e l i a b l e .  

Large lung volumes, inc lud ing t o t a l  lung capacity (TLC), have been 

successful ly employed i n  HW and also appeared t o  be we l l  to le ra ted  by 

a l l  subjects tested (Welch & Crisp, 1958; Thomas & Ethridge, 1980; 

Weltman & Katch, 1981). Two lung volume measurements, res idual  volume 

(RV) and forced v i t a l  capacity (FVC), which comprise TLC, have been 

researched during HW. Recent studies reestabl ished e a r l i e r  f ind ings 

t h a t  FVC was reduced when tested w i th  the subject immersed i n  water 

(Bondi e t  al., 1976; Girandola e t  al., 1977; Etheridge & Thomas, 1978). 

The best representat ion o f  the RV o f  the subject whi le  immersed was 

determined by a measurement on land since there i s  a f a l s e  reading o f  

RV-wet due t o  a i r  trapping (Dahlback & Lundgren, 1972; Bondi e t  al., 

1976). A more accurate est imation o f  TLC a t  the time o f  weighing, 

therefore, may be t o  measure FVC-wet added t o  RV-dry. 



It was the aim of this researcher to consider the comfort of the 

s~~bject submerged in the water during HW. This researcher was to 

consider various spirometry measurements least affected by immersion 

in relationship to the most appropriate choice of methodology in HW 

procedures. 

Statement of the Problem 

The problems encountered in this study were threefold: 

1. The most accurate measurement of TLC, dry as compared to wet, 

was to be determined in relation to the estimation of body density and 

percent body fat by HU. 

2. An analysis was to be made comparing the HW results using 

TLi-wet, TLC-dry and R V .  

3. The most comfortable lung volume, TLC or RV, for competitive 

swimmers and noncompetitive swimmers to perform during HW was to be 

subjectively determined. 

Hypotheses 

The following hypotheses were formulated: 

1. There are no significant differences in the measurements of 

TLC-dry and TLC-wet or FVC-dry and FVC-wet in male and female competitive 

swimmers and noncompetitive swimmers. 

2. There are no significant differences in the estimation of body 

density and percent body fat by HW using lung volume measurements of 

TLC-dry, TLC-wet or RV in male and female competitive swimmers and non- 

competitive swimmers. 



3. There is no significsnt difference in preference of lung 

volume utilized in HW by male and female competitive swinnners aiid non- 

competitive swimmers. 

De1,imitations 

In reference to this study, the following delimitations were made: 

1. The population studied were delhited to male and female col-, 

lege students, competitive swimmers and noncompet;tioe swimmers, ages 

of 17-34 years who attend the University of Wisconsin-La Crosse. 

2. Farticipants were required to fast and abstain from smoking 

for 12 hours prior to scheduled testing. 

3. All subjects were to be free of respiratory disease dnd azute 

pulmonary symptoms. 

4. Vigorous physical activity was avoided five hours prior to 

hydrostatic weighing, 

5. To avoid fluid retention during menstruation, fem~les were 

tested approximately seven days pricr to or after their cycle. 

Limitation? 

The application o f  the following limitations must be observed i n  

relation to this study: 

1. The subjects were volunteers, therefore, a random sample did 

n0.t ex i s t .  

2. There was a relatively small number of subjects (N  = 6) 

selected for the pilot study to determine reliability of the proposed 

methodology of hydrost~tic weighing. 



3. This study was limited to describing the attitudes of the 

selected groups. 

4. The degree of adaptation to a water environment may have been 

varied in the noncompetitive swimmer group. 

5. It was difficult to determine if the breathing maneuvers man- 

dated in the testing were performed correctly. 

6. A learning process may have occurred during the testing pro- 

cedure. 

Assumptions 

The following assumptions were made in relation to the scope of 

this study: 

1. All subjects performed the necessary respiratory function tests 

to the best of their ability. 

2. All subjects fasted and refrained from smoking for 12 hours 

prior to testing. 

3.  All subjects avoided vigorous physical activity five hours prior 

to testing. 

4. The attitudinal response concerning testing methods was 

answered honestly and to the best ability of each subject. 

5. The six liter and 1i.3 liter spirometers measured volume 

equally. 

Definition of Terms 

I Archimedes Principle - a body submerged in a fluid is buoyed up 



Body Pleth~smoeraph - an a i r t i g h t  box encloses the e n t i r e  body o f  

the subject and measures gas volume and pressure changes i n  the system 

produced by breathing. 

Closinq Volume - the terminal po r t ion  o f  a slow exhaled v i t a l  

capacity t h a t  ind icates the p o i n t  a t  which the  most gravity-dependent 

airways s t a r t  t o  col lapse (Kacmarek, Dimas & Mack, 1979, p. 207). 

Competitive Swimmer - a person who i s  t ra ined  i n  the performance 

o f  swimming, i s  a member of the Un ive rs i t y  o f  Wisconsin-La Crosse swim 

team, and has mastered the  a r t  of rhythmic breathing. 

Density - the  mass per u n i t  volume o f  a body (D = M/V), expressed 

as gm/cc. 

Forced V i t a l  Capacity ((FVC) - the maximum volume o f  gas t h a t  can 

be f o r c e f u l l y  exhaled a f t e r  a maximal insp i ra t ion .  

H.vdrostatic Weiqhing (HW) - a technique used t o  ca lcu la te  percent 

body f a t  through t o t a l  submersion of the subject t o  a t t a i n  body volume 

based upon Archimedes Pr inc ip le .  

Lung Volume o r  Capacity-dry - t h a t  speci f ied lung volume o r  

capacity measured on land. 

Luna Volume or Capacity-wet - t h a t  speci f ied lung volume or  

capacity measured i n  water w i t h  the subject immersed i n  water t o  neck 

leve l .  

Noncompetitive Swimmer - a person who may n o t  swim a t  a l l  o r  who 

i s  untrained i n  swimming. The ind iv idua l  has never been a member o f  a 

swim team and has not  completed the leve l  o f  Advanced L i f e  Saving ac- 

cording t o  the American Red Cross. 



Percent Body Fat - t h a t  percentage o f  t o t a l  body weight which i s  

composed o f  adipose t i ssue  as determined by HW and the percent body f a t  

formula (Brozek, Grande, Anderson & Keys, 1963). 

Residual Volume (RV) - the amount o f  gas remaining i n  the lung 

a f t e r  a maximal expi rat ion.  

Spirometer - a device which measures exhaled o r  inhaled a i r  volume 

per u n i t  time. 

Tota l  Lung Capacity (TLC_) - the volume o f  gas contained i n  the lung 

a t  the end of a maximum insp i ra t ion .  



CHAPTER I 1  

REVIEW OF RELATED LITERATURE 

Int roduct ion 

i 
I 

Hydrostat ic weighing has been establ ished as a successful means 

i 
I used by many invest igators  t o  estimate body densi ty  and percent body f a t  
I 
I (Katch, Michael, & Horvath, 1967). Improvements i n  technique have been 
I 

made, as the  contro l  o f  in tervening var iab les were studied. Factors 

in f luencing HW r e s u l t s  include a i r  i n  the lungs and gas t ro in tes t ina l  

( G I )  t r a c t  a t  the t ime o f  weighing. Much controversy s t i l l  ex is ts  among 

I researchers i n  t h i s  f i e l d  r e l a t i v e  t o  the e f f e ~ t  of these in f luencing 

/ f ac to rs  i n  r e l a t i o n  t o  the most prec ise determinatioi. o f  body f a t  and 

density (Weltman & Katch; 1981). The r e s u l t s  o f  studies per ta in ing  t o  

those fac to rs  involved i n  HW w i l l  he discussed i n  t h i s  chapter. 

Hydrostat ic Est imation o f  Body Density and Percent Body Fat 

The ca lcu la t ion  o f  the propor t ion o f  f a t  t o  other t issues i n  the 

body has been achieved through the measurement o f  body density. 

Archimedes Pr inc ip le  defines body density as the re la t ionsh ip  o f  body 

weight per u n i t  volume. The p r i n c i p l e  states t h a t  a body submerged i n  

a f l u i d  i s  buoyed up by a fo rce  equal t o  the weight of the  displaced 

f l u i d  (Behnke, 1961). The appl icat ion o f  the Archimedian Pr inc ip le  o f  

water displacement has been used i n  hydrostat ic  weighing f o r  the 

determination o f  body densi ty  and percent body f a t .  



Investigation by Goldman and Buskirk (1961) led to the derivation 

of a body density formula. The weight of the displaced water was equal 

to the difference between the weight of the body in air and the weight 

when submerged. They indicated that a correction factor was needed for 

the density of water displaced by the body. They also recommended that 

the water temperature be close to that of body temperature (35-36'~). 

In recording the water temperature and applying the relating density 

value, the following equation was derived: 

M~ equation (1) D=- 
- M~ 
Ow 

where: 

D = Density of body 

MA = Mass of body in air 

MW = Mass of body in water 

DW = Density of water (Goldman & Buskirk, 1961) 

Assuming the derived equation was correct, the accuracy of HW 

methods depended on the ability to determine or limit the volume of air 

in the gastrointestinal (GI) tract and to assess the volume of air I 

1 
present in the lungs at the time of underwater weighing. These gases 

I 

add buoyancy to the body and if unaccounted for will underestimate body 

density (Thomas & Etheridge, 1980). On the basis of the findings of 

Bedell, Marshall, DeBois, and Harris (1956), the value of 100 ml. (BTPS) 

can be used in the equation to correct for air in the GI tract. This 

is done in order to provide a more valid estimation of body density on 

the average. The amount of air in the GI tract varies in each 
I 
8 



i nd iv idua l  but  i t  should not  exceed 100 ml. i f  the subject i s  weighed 

a f t e r  f a s t i n g  f o r  12 hours (Goldman & Buskirk, 1961). 

The remaining gas i n  the lung was determined and appl ied t o  the 

formula f o r  body density. A l t h ~ u g h  controversy ex is ted concerning RV 

as the best su i ted lung volume measurement, RV and the G I  a i r  volume 

were appl ied t o  the formula which stated: 

MA equation (2) D = 
- M~ - RV - .1 L. 

"W (Buskirk, 1961) 

Conversion o f  Body Density t o  Percent Body Fat 

Several formulas e x i s t  f o r  p red ic t ing  percent body f a t  from the 

ca lcu lated body density. Due t o  the i n a b i l i t y  o f  researchers t o  agree 

on the exact densi ty  of lean body mass and adipose t issue, the formulas 

are s l  i g h l y  varied. Four popular formulas are presented. 

Rathburn and Pace (1945) explored the f a t  content o f  guinea pigs 

and determined the spec i f i c  g r a v i t y  o f  f a t  and f a t  f r e e  t i ssue  t o  be 

0.918 and 1.0, respect ive ly .  The fo l low ing  formula was derived: 

5.548 X Fat = gravity - 5.044) x 1W ( 3 )  

Keys and Brozek (1953) c r i t i c i z e d  the der i va t ion  o f  the spec i f i c  

g r a v i t y  values used i n  determining the formula by Rathburn and Pace i n  

1945. After studying the  density o f  f a t  i n  men, women and various 

animals, Keys and Brozek (1953) reported a densi ty  value o f  0.90074 f o r  

I human f a t  a t  36'~. This information enabled the development o f  the 

fol lowing formula f o r  p red ic t ing  f a t  percentage i n  humans: 

4*201 - 3.813) x 100 % Fat = (body densi ty  
equation ( 4 )  



Later S i r i  (1961) s tated t h a t  a f a t - f r e e  body should be used i n  

the development o f  a conversion fowmula. He determined the  values o f  

1.100 lean body mass and 0.900 f a t  would be employed i n  the development 

o f  h i s  formula: 

% Fat = ( d e g 5  4.50) x 100 equation (5) 
o y a e n s i t y -  

I n  1963, Brozek, Grande, Anderson and Keys establ ished a more 

accurate est imation o f  body composition through analysis o f  body 

compartments and chemical components. Thei r  research replaced the 

"reference man", f o r  wiiom f a t  content was assumed, w i t h  a "reference 

body" o f  known composition. Chemical analysis of three male cadavers 

was used i n  de f in ing  the "reference body" w i th  a densi ty  o f  1.064. 

These researchers also used new information concerning the densi ty  o f  

" c e l l  residue" which i s  free o f  f a t  and e x t r a c e l l u l a r  water. This 

enabled a more cor rec t  p a r t i t i o n  o f  "obesi ty  t issueu and a be t te r  

estimate o f  f a t  content. They computed a f a t  densi ty  o f  0.915. Ap- 

p ly ing  t h i s  new information t o  a body f a t  formula resul ted i n  the f o l -  

lowing: 

4.570 .. 4,142) 100 equation (6) 
% Fat = (body densi ty  

I n  s p i t e  of the disagreement between researchers, a h igh cor re la t ion  

of 0.995-0.999 ex is ts  between the formulas p red ic t ing  percent body f a t  

even though the actual values vary (Wilmore & Behnke, 1969). The 

formulas most o f t e n  appl ied i n  recent research are equations 5 and 6 

by S i r i  (1961) and Brozek e t  a l .  (1963), respect ive ly .  

According t o  S i r i  (1961) the standard dev iat ion o f  + 4% represents 

the e r r o r  i n  p red ic t ing  percent body f a t  by HW. This percentage o f  e r r o r  



may be due t o  technical d i f f i c u l t i e s  i n  measuring body density. Normal 

va r iab i  1 i t y  i n  body const i tuents and the uncer tz in ty  i n  establ ish ing 

the compositions o f  adipose t i ssue  also contr ibute t o  the percentage 

o f  e r ro r .  Predic t ing percent body f a t  i s  also l i m i t e d  by the 

"reference man" representing t r u e  averages f o r  the subjects t o  be 

tested. An addi t ional  source o f  e r r o r  may be from the determined 

res idual  volume used i n  the HW ca lcu lat ions.  

I 
Lung Volumes In f luencing HW Results 

1 

I 

I The largest  debatable f a c t o r  has remained i n  the area o f  assessing 

I the appropriate volume o f  a i r  i n  the lungs during HW t o  ascer ta in  the 
I 

j most accurate measurement o f  body density and percent body f a t .  The 
I 

1 hydrostat ic  pressure e f f e c t  on various lung volumes has been studied. 

1 The su i tab le  method and place o f  measurement, d ry  versus immersed, are 
I 

\ a lso fac to rs  which have been analyzed. Speculations have been made, 

1 based on t1.e l i t e r a t u r e ,  w i t h  regard t o  the most comfortable lung volume 

performed i n  the  HW process (bleltman & Katch, 1981). 

Residual Volume (RV) 

It has been determined t h a t  the accuracy o f  HW i s  dependent on the 

appropriate lung volume measurement. Due t o  the increase i n  pressure 

appl ied t o  the thorax when immersed i n  water, as i s  the case i n  HW, 

s i g n i f i c a n t  increases and decreases have been found i n  lung volumes 

and capaci t ies (Carey, Schaefer & Alv is ,  1956; Ja r re t t ,  1965; 

Agostoni, Gurtner, T o r r i  & Rahn, 1966; Craig & Ware, 1967; Hong, 

Cer re te l l i ,  Cruz & Rahn, 1969; Prefaut e t  al., 1976; Robertson e t  al., 



1978). Residual volume was indicated as being the least affected by 

hydrostatic pressure and is easiest to reproduce in and out of the 

water (Welch & Crisp, 1958; Girandola et al., 1977). As a result of 

these findings RV has been employed as standard practice in HW pro- 

cedures. 

Studies comparing RV-dry and RV-wet reported conflicting results. 

Changes in RV as a result of water immersion would affect the calcula- 

tions of body density as measured by HW. A number of findings have 

indicated that RV decreased 4-17% when measured imersed (Brozek et 

al., 1949; Jarrett, 1965; Agostoni et a1 ., 1966; Bondi et al., 1976; 
Robertson et a1 ., 1978; Sawka, Weber & Knowlton, 1978). Other in- 

vestigators have found no significant changes in RV when immersed 

(Carey et al., 1956; Craig & Ware, 1967; Prefaut et al., 1975). In 

contrast, Girandola et al. (1977), has indicated that RV increased by 

6.7% when measured immersed. Although the results of Carey et al. (1956), 

were not statistically significant, a 5% increase in RV was observed in 

the water. Lawther (1969) found a significant increase (221 ml.) in RV 

in the water with a group of subjects similar in age to those used in 

this research study. 

Several reasons for the decrease in RV have been proposed. There 

is an increase in intrathoracic fluid as there is a central blood 

shift imposing a restriction for lung expansion (Jarrett, 1965; Bondi 

et al., 1966). An increase of 20 cm H20 pressure is applied to the 

thorax when immersed to neck level (Craig & Ware, 1967). The 

diaphragm and abdominal contents are displaced towards the head when 



/ may reduce RV in the water by direct compression. Numerous researchers 

(Agostoni et al., 1966; Dahlback & Lundgren, 1972; Bondi et al., 1976; 

Robertson et al., 1978) mentioned that false readings of a decrease in 

RV may be due to airway closure resulting from pooling of blood in the 

I thorax. This pooling of the blood is thought to cause a swelling of I ' blood vessels which then narrows the airways. Measurements of RV by 
' gas dilution were lower than the actual volume in the lung. The col- 
I 
[ lapsing airways inhibited complete gas mixture and impeded air from 

I exiting the lungs (Dahlback & Lundgren, 1972; Bondi et al., 1976; 

Robertson et al., 1978). With this in mind, Robertson et al. (1978) 
i 

: suggested that RV measured on land may be a more accurate representa- 
I 
I 
1 tion of actual RV during immersion. 

An increase in RV-wet as measured by Girandola et al. (1977) was 

found secondary to "~tiffness'~ of the lung tissue caused by pulmonary 

vascular engorgement. This pulmonary congestion also caused increased 

i air trapping raising RV (Dahlback & Lundgren, 1972). 

I Prefaut et al. (1976) and Robertson et al. (1978) concluded that 

RV was not changed by immersion. According to these researchers, 

hydrostatic pressure which tends to decrease RV is counterbalanced by 

the vascular congestion that tends to increase RV durit~g immersion. 

Methodology of measuring RV has also been suggested as a possible 

explanation for observed differences. Some investigators using the 

I same methods of measuring RV still reported conflicting results i 
(Girandola et al., 1977). Using the open-circuit nitrogen dilution 



I method to determine RV in the water, Brozek et al. (1949) found 

I decreases in RV while Lawther (1969) reported substantial increases in 

I RV. Sin~ilar conflicting data were reported using the 3-breath nitrogen 

dilution method (Carey et a1 . , 1956; Agostoni e t  a1 . , 1966). Observing 

the inconsistent reports, it was concluded that rhe technique of 

measuring R'l was not the cause of the discrepancy (Girandola et al., 

1977). 

Closinq Volunie (CV) and Pulmonary Air Trapping 

Closing volume, an indicator of airway collapse and subsequent 

air trapping, was shown to be significantly increased (41.3%) by adding 

and removing tourniquets to the limbs during immersion. These findings 

indicated that blood flow to the thorax resulc in increased closing 

volume and air trapping (Bondi et a1 ., 1976). Robertson et al. (1978) 

det,ermined that air trapplng was responsible for the 200 ml. difference 

in RV measured immersed by gas dilution and plethysmography. Air trap- 

ping is also known to be more pronounced in old age (Anthonisen, Dannon, 

Robertson & Ross, 1969). 

Closing volume was measured at different lung volumes in an attempt 

to indicate that volume which eliminated air trapping, when measured 

immersed, as a limitation in HW results (Dahlback & Lundgren, 1972). 

These investigators showed that when immersed in water, 148.5 ml. (3.3% 

/ of VC) was the amount of air trapped in the lungs measured at RV plus 
I 
/ 5% of VC. Residual volume plus 12% of VC resulted in 1.8% of VC air 
I 

trapping. The most significant outcome was the measurement at RV plus 



determined t h a t  a i r  t rapping would not  be el iminated u n t i l  lung volumes 

I increased. 

Forced V i t a l  Capacity 

Considering the use of a la rger  lung capacity i n  the HW procedure, 

FVC was reviewed. Forced v i t a l  capacity, which consr i tu tes approximately 

80% o f  TLC (Kacmarek, Dimas & Mack, 1979) showed no s i g n i f i c a n t  change 

1 when measured immersed by Carey e t  a l .  (1956) and Hong, Ting and Rahn 

(1960). Further research supported evidence t o  the contrary  and found 

FVC t o  decrease s i g n i f i c a n t l y  by 260 nil. (90-95%) when measured 

immersed (Craig & Ware, 1967). S imi lar  r e s u l t s  found by others, were 

a t t r i b u t e d  t o  the hydrostat ic  pressure, equivalent t o  20 cm H20, 

l i m i t i n g  maximum i n s p i r a t i o n  (Agostoni e t  al., 1966; Hong e t  al., 1969; 

Dahlback & Lundgren, 1972; Bondi e t  a1 ., 1976; Prefaut e t  a1 ., 1976). 

Blood s h i f t  o f  700 ml. i n t o  the thorax has been estimated as the 

predominant fac to r  f o r  reduct ion of FVC during immersion (Agostoni e t  

al., 1966; Hong e t  a1 ., 1969). This view was also supported by 

Robertson e t  a l .  (1978). 

Total Lung Capacity 

The t o t a l  lung capacity (TLC) measurement i s  inf luenced by f ind ings 

concerning RV and FVC as i t i s  the sum o f  the two, The problem o f  

pulmonary a i r  trapping, which occurs when performing RV i n  the water, 

can be reduced and poss ib ly  el iminated w i t h  the  subs t i tu t ion  o f  large 

lung volumes (Dahlback & Lundgren, 1972; Thomas & Etheridge, 1980). 

Subsequently, the most recent study used TLC-dry as the  lung 

volume measurement o f  choice i n  HW (Weltman & Katch, 1981). Results 
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showed that body composition parameters were significantly different 

I between HW at RV and HW at TLC-dry. Although results were 

statistically significant, HW at RV and TLC-dry were negligible as the 

results were within the measurement error associated ~ i t h  the HW tech- 

nique (Brozek et al., 1963). Total lung capacity has been recommended 

as the method ot choice because dependability was achieved and a low 

level of discomfort in performance by the subjects was observed. The 

suggestion was made that TLC-wet may increase the accuracy of the HW 

technique (Weltman & Katch, 1981). 

I Methods of Measuring Lunq Volumes 

Spirometry 

The spirometer is a tool which simply and accurately measures 

forced vital capacity (FVC). Although there m e  many physiological 

measurements available from spirometry, for clinical purposes the most 

useful measurement was found to be the forced expiratory spirogram 

(Sheen & Sly, 1980; Burki, 1981). 

Gas Dilution Techniques 

The he1 ium di 1 ution and nitrogen washout techniques have been 

reported to be reliable indirect methods to measure TLC and RV in 

subjects who did not have evidence of airway obstruction (Wilmore, 1969; 

McBride & Wohl, 1979). These techniques are dependent upon normal 

distribution of ventilation in the lungs. Residuai volume and TLC may 

be underestimated when airway obstruction is present. These methods 

were particularly useful for those unable to understand or cooperate 

with plethysmography (McBride & Wohl , 1979). 



Wilmore (1969) determined that the indirect method of open- 

circuit nitrogen washout, being valid and reliable, substantially 

reduced the time necessary for a single R V  determination. The subjerts 

breathe 100% oxygen at approximately two-thirds of their maximal capa- 

city which allows for a greater exchange and mixing of the gases within 

the lungs. The total of 6-8 breaths are needed for a nitrogen equili b- 

rium to be attained between the breathing bag and the lungs. Nitrogen 

concentrations are recorded at initiation, equi 1 ibrium and termination 

of the breathing period. These concentrations ave used in the formula 

to calculate R V .  This technique makes it possible for duplicate R V  

determinations in a short period of time. 

Many studies involving the measurement of lung volumes immersed in 

water versus land have been performed (Brozek et a1 ., 1949; Welch & 

Crisp, 1958; Girandola et a1 ., 1977; Weltman & Katch, 1981). The 

majority of these studies used the nitrogen washout technique over the 

helium dilution technique (Agostoni et al., 1966; Wilmore, 1969; 

Dahlback & Lundgren, 1972; Prefaut et al., 1976; Girandola et al., 1977; 

Weltman & Katch, 1981). 

Body Plethysmograph 

This method requires the subject to be sealed in an airtight 

chamber which is connected to a spirometer. The subject breathes to 

the outside of the box through a mouthpiece. The TLi and R V  is cal- 

culated by measuring the change in pressure at the mouthpiece and the 

volume which the thorax expanded. The chest expansion is measured as 

an increased plethysmograph volume. Plethysmography has been established 

as the most accurate in the determination of TLC and R V  in the presence 



of airway obstruct ion. This method was used i n  the determination o f  

c los ing volume and pulmonary a i r  trapping when lung volumes were 

measured immersed, because i t  can detect any amount o f  trapped a i r .  I n  

comparison, the helium d i l u t i o n  and n i t rogen washout techniques were 

shown t o  be insens i t i ve  t o  a small volume o f  trapped gas which caused a 

f a l s e  low reading o f  RV (Robertson e t  al., 1978). 

Lung Volume Method Preferred by Subjects 

Submersion i n  HW has been observed t o  have a psychological e f f e c t  

i n  some ind iv idua ls  (Brozek e t  al . ,  1949). There was a moderate degree 

o f  anx iety  i n h i b i t i n g  exhalat ion, This was noted as a f a c t o r  determin- 

ing the e f f e c t  o f  submersion on res idual  a i r  volume. 

Welch and Crisp (1958) suggested t h a t  i n  determining body densi ty  

by HW w i t h  untrained subjects, measurements taken w i t h  the lungs e n t i r e l y  

f i l l e d  w i th  a i r  would be preferable. This method would appear t o  

e l iminate the psychological e f f e c t  observed by Brozek e t  a l .  (1943). 

The subject would be more a t  ease and the t e s t e r  would have more t ime 

t o  obta in the underwater weight which el iminates some o f  the inaccuracy 

t h a t  occurs w i th  untrained subjects. 

Since recent studies revealed larger  lung volumes t o  be appropriate 

i n  HW, a p r a c t i c a l  standpoint was taken by researchers when they sug- 

gested using la rger  lung volumes a f t e r  observing the subjects they 

tested. There was less scale f l u c t u a t i o n  and the number o f  t r i a l s  t o  

obta in hydrostat ic  weight were reduced w i th  the r e l i a b i l i t y  from ten 

t r i a l s  w i t h  RV t o  on ly  three t r i a l s  w i th  TLC (Weltman & Katch, 1981). 



Methods o f  Hydrostat ic Weiqhinq 

Hydrostat ic welghing a t  RV and TLC have been discussed. Other 

methods have been used by researchers and are reviewed. 

Snorkel Breathing 

Katch e t  a l .  (1967) underwater weighed subjects using a common 

swimming snorkel w i th  mouthpiece t o  al low f o r  breathing whi le  submerged 

u n t i l  the subjects were relaxed and l i t t l e  movement o f  the scale was 

I observed. Underwater weight was taken fol lowing maximal exhalat ion and 

I held f o r  about 5 seconds. 

RV Plus 1 L i t e r  

Jensen (1979) weighed ch i ld ren  underwater a t  the leve l  o f  RV plus 

one l i t e r  o f  a i r .  The subjects performed a maximal exhalat ion i n t o  a 

mouthpiece attached t o  a two-way stopcock p r i o r  t o  submersion. A small 

rubber breathing bag hold ing one l i t e r  o f  a i r  was attached t o  the stop- 

cock. A f t e r  exhal ing maximally the subject was allowed t o  inhale the 

one l i t e r  o f  a i r  and submerge. 

Breathing Valve 

Hydrostat ic weighing was performed a t  funct ional  res idual  capacity 

(FRC) and R V  using a special ized valve attached t o  a spirometer 

(Thomas & Etheridge, 1980). The subject was able t o  breathe room a i r  

through the valve whi le  submerged. When the t e s t  began, the  valve was 

turned i n t o  the attached spironieter . The subjects'  normal resp i ra t ions  

were monitored t o  establ ish FRC and 3 t o  5 t r i a l  weights were recorded. 

The subjects then exhaled through the valve maximally and weight was 

recorded a t  RV. 



Conclusion 

Body density and percent body f a t  have been used i n  the  assessment 

o f  physical f i tness leve ls  i n  men and women. Formulas have been derived 

i n  ca lcu la t ing  these components which incorporated recording body weight 

by hydrostat ic  weighing. This measurement was found t o  be dependent 

on the amount of a i r  i n  the lungs a t  the t ime o f  HW. Two areas o f  

controversy continue t o  be: 1) the appropriate and/or accurate volume 

t o  use; and, 2)  whether tha t  volume was t o  be measured on land o r  im- 

mersed. 

Most authors have agreed t h a t  lung volume measurements d i f f e r  when 

measured on land and i n  the water. The e f f e c t  o f  water immersion 

produces pulmonary a i r  trapping a t  the RV leve l .  A i r  t rapping i s  

el iminated a t  l a rger  lung volumes. This might ind ica te  a measurement 

o f  RV  t o  be performed on land. To assure accurate HW resu l t s ,  a i r  

t rapping must be minimized i f  not  eliminated. Recent l i t e r a t u r e  has 

ind icated t h a t  la rger  lung volumes used i n  HW, ra ther  than smaller 

volumes, reduced a i r  trapping s i g n i f i c a n t l y .  The appropriate measure- 

!nent o f  large lung volumes may be best represented a t  HW when measured 

immersed. 

Hydrostat ic weighing a t  l a rger  lung volumes, such as TLC, may 

reduce anxiety i n  the untrained subjects. The subjects may f e e l  more 

comfortable w i th  HW a t  TLC than a t  RV. A more accurate reading may be 

taken by t he  t e s t e r  w i t h  the decreased scale f l u c t u a t i o n  a t  TLC. 



CHAPTER 111 

METHODS 

Introduction 

The subjects employed in this study are described according to age 
! 
I and physical characteristics. Testing procedures are explained for all 

measured variables. The statistical treatment of all collected data 

are discussed in this chapter. 

Subject Selection 

A total of 44 competitive swimmers (25 females; 19 males) and 55 

noncompetitive swimmers (31 females; 24 males) volunteered to establish 

the reliability of HW at TLC-wet. These subjects ranged in age from 

17-34 years and were students at the University of Wisconsin-La Crosse. 

Prior to testing, subjects were asked if they were suffering from any 

acute or chronic respiratory illnesses. Those complaining of acute 

symptoms were rescheduled for testing at a later date. One subject 

suffered from chronic respiratory disease, asthma, and was eliminated 

from the study. At the time of testing, all subjects were considered 

to be in good health and free of any respiratory afflictions. 

To establish the lung volume technique as preferred by subjects 

as wall as the most accurate for determination of body density and 

parcent body fat, it was necessary to select individuals who were well 

adapted to the water environment as well as those who were not. For 



this reason two groups, competitive swimmers and noncompetitive 

swimmers, were formed to subjectively analyze testing styles. The com- 

1 petitive swimmers were members of the university swim team arld the non- 

I competitive swimmers were either unable to swim or were lower level 

swimmers with the inability to compete. Participants were randomly as- 

signed to the order of lung volumes performed, RV and TLC, during the 

HW procedures. The subjects were informed of all procedures and poten- 

tial hazards. An informed consent statement was signed by all subjects 

prior to any testing (see Appendix A). 

Instrumentation and Procedures 

Pilot Study 

A pilot study (N = 6) was conducted to determine the test-retest 

reliability of the HW at TLC-wet. Subjects were similar in physical 

characteristics to the subjects in this study. Results of this pilot 

study are included in Chapter IV. 

Spirometer Calibration 

Two spirometers, a six liter Collins Vitalometer (model number 

P-600) and 13.5 liter Collins Respirometer (model number 2136) were 

used in calibrating the RV apparatus and measuring FVC, respective1 y. 

The spirometers were f i 1 led with water until the level registered half- 

way up on the water level gauge. The investigator introduced a known 

volume of air, four liters, from the six liter spirometer into the 13.5 

liter spirometer via connecting tubing. Four liters of air also 

registered on the 13.5 1 iter spirometer indicating calibration between 

the two spirometers when water levels were accurate. 
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The RV was determined through i n d i r e c t  analysis by the open- 

c i r c u i t  n i t rogen washout technique (Wi lmore, 1969). Residual volume 

apparatus i s  p ic tu red  i n  Figure 1. 

The s i x  l i t e r  spirometer was employed i n  measuring the volume o f  

oxygen t o  be used during the t r i a l s  t o  determine RV. Ten sample 

volumes were introduced i n t o  the spirometer a t  a 4.6 second se t t ing  t ime 

f o r  c a l i b r a t i o n  purposes. This volume o f  pure oxygen was then introduced 

1 i n t o  a f i v e  l i t e r  rubber breathing bag by opening a two-way stopcock 

/ valve located a t  the base o f  the spirometer. With the bag vacuum f r e e  

1 o f  a i r ,  the oxygen passed through the valve i n t o  the bag f i l l i n g  i t  w i th  
I 
I 

1 the ca lcu lated volume. The breathing bag was then mechanically vacuumed 

a o f  a l l  gas contents. The f lush ing  o f  100% oxygen fol lowed by vacuuming 

o f  the bag contents was performed 2-3 times t o  assure the purest con- 

centrat ion o f  oxygen possible. A f te r  t h i s  procedure the valve t o  the 

oxygen equipment was closed. 

A Co l l i ns  Introgen Analyzer (model number 21232) continuously 

monitored the percent o f  n i t rogen i n  the irrspired and expired a i r .  

The analyzer was placed a t  the d i s t a l  end o f  the rubber bag between the 

two-way breathing valve and subject 's  mouthpiece. The reso lu t ion  of 

t h i s  system was 0.1% ni t rogen w i th  a readout accuracy o f  0.1% nitrogen. 

The i n t e n t  and t e s t i n g  procedures were f i r s t  explained t o  the 

subject. The subject was t o  perform the breathing maneuvers t o  the 

best o f  his/her a b i l i t y .  It was emphasized tha t  the e f f o r t  put  f o r t h  

was important i n  gaining proper readings o f  R V  which a f f e c t  the estima- 

t i o n  o f  body f a t .  The t e s t  was administered i n  the s i t t i n g  pos i t i on  



Figure 1. Residual Volume Apparatus 
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on land s i m i l a r  t o  the pos i t i on  assumed i n  the HW procedure. A f t e r  

I assuming the s i t t i n g  pos i t ion,  nose c l i p s  were secured on the nose and 

1 a mouthpiece was placed i n  the mouth o f  the subject making a t i g h t  seal. 
I A f t e r  three o r  fou r  normal breaths w i t h  the valve open t o  room a i r ,  

the subject was inst ructed t o  inhale deeply and then f u l l y  exhale. A t  

t h i s  p o i n t  he/she was t o  tap the t e s t e r ' s  hand which was located on the 

two-way valve. Immediately the i n i t i a l  a lveolar  n i t rogen concentration 

I 
(AN2) was noted and the  valve was closed t o  connect the subject w i th  

i the breathing bag f i l l e d  w i th  oxygen. The n i t rogen concentration i n  
i 
I 

the oxygen was again recorded a f t e r  the subject 's  f i r s t  breath from the 

bag ( IN* ) .  This denoted the impur i ty  o f  the oxygen. 

The subject was then ins t ruc ted  t o  inhale and exhale a t  about two 

t h i r d s  o f  his/her maximal volume, a t  a  r a t e  o f  one breath every three 

seconds. The t e s t e r  made v isual  observation o f  the continuously 

decreasing o s c i l l a t i o n s  i n  the n i t rogen percentage o f  the inspi red and 

expired a i r .  This allowed f o r  a  f a i r l y  precise est imation o f  the 

establishment o f  a  concen t rh~ ion  equi l ibr ium. This was at ta ined a f t e r  

5-10 breaths and recorded as the  midpoint between the equ i l i b r ium range 

(EN2). 

At  t h i s  po int ,  the subject was t o l d  t o  immediately take a maximal 

i n s p i r a t i o n  fo l lowed by a maximal expi rat ion.  The subject ind icated the 

po in t  of maximal exp i ra t ion  by tapping the t e s t e r ' s  hand located on the 

two-way valve. The percent ~f ni t rogen a t  t h i s  p o i n t  was then 

recorded (FN*). 

A f t e r  two minutes o f  norrnal r e s p i r a t i o n  fol lowed by a minute o f  

moderate hypervent i la t ion the subject repeated the e n t i r e  procedure. 



The t r i a l  best performed by the subject was used i n  body densi ty  

ca lcu lat ions.  I f  there was a d i f fe rence  of greater than 60 mls, between 

t r i a l s  a t h i r d  t r i a l  was performed. The highest value o f  the  two 

closest t r i a l s  was used. Residual volume was ca lcu lated by the formula 

c i t e d  by Wilmore (1969) presented i n  Appendix B. 

Total  Lung Capacity Dry and Wet 

Tota l  lung capacity d ry  and wet were obtained by f i r s t  a t t a i n i n g  

the FVC on land and again immersed i n  water t o  the  neck leve l .  These 

r e s u l t s  then added t o  the R V  prev ious ly  ca lcu lated TLC-dry and TLC-wet 

a t  BTPS. A Co l l i ns  13.5 l i t e r  Respirometer (model number 2136) was 

used t o  record three t r i a l s  o f  FVC-dry and three t r i a l s  wet. 

The i n t e n t  and purpose o f  the  FVC tes ts  were explained t o  the sub- 

jec t .  Again i t  was stressed t h a t  i t  was important f o r  the subject t o  

put  f o r t h  the best e f for t  possible t o  assure the  best resu l t s .  The t e s t  

was performed i n  the seated pos i t i on  on land and again i n  the  water. A 

s tab i l i zed  cha i r  was necessary i n  supporting the subjects dur ing the 

immersion measurement. 

The subject was seated a t  the spirometer w i t h  a nose c l i p  secured 

t o  the n o s t r i l s  and a mouthpiece t h a t  was connected t o  the  spirometer 

was placed i n  the mouth. A t i g h t  seal was made w i t h  the l i p s  around the 

mouthpiece. At t h i s  point,  the subject was ins t ruc ted  t o  inhale as 

deeply as possible and, when a maximal i n s p i r a t i o n  was reached, a r a p i d  

and complete exhalat ion was made. Encouragement was given t o  continue 

blowing a i r  out as long as possible. Upon completion the subject was 

given a r e s t  period o f  up t o  2-3 minutes between the three t r i a l s ,  A 
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v e r t i c a l  l i n e  drawn by the spirometer ind icated the  volume o f  a i r  which 

displaced the spirometer drum. The length o f  the l i n e  was converted 

t o  a ca lcu lated value of FVC (Kory, Callahan & Roren, 1961; Morris, 

Koski & Johnson, 1971). The maximum value at ta ined was the FVC 

Hydrostat ic Weighing 

Body densi ty  and percent body f a t  were assessed by HW. Each subject 

was weighed on a Continental Health-0-Meter scale (model number 400DLK) 

on land and weighed underwater i n  a 4 '  x 4' x 4 '  S.S. Hydrotesting Tank 

(model number 09771) on a Cha t i l l on  autopsy scale (model number 8-2096) 

accurate t o  25 grams. Water temperature was maintained between 33O and 

35O C. 

Subjcc' .~ were weighed by two d i f f e r e n t  methods o f  HW. One method 

used RV and the other used TLC f o r  the determination o f  body density and 

percent body f a t .  Subjects were randomly assigned t o  the order o f  HW 

method t o  be performed. The subject 's  weight was assessed by both 

methods i n  3-10 t r i a l s  u n t i l  3 i d e n t i c a l  recordings were obtained i n  

succession (Katch e t  al., 1967; Weltman & Katch, 1981). This value was 

used as an estimate of the underwater weight f o r  body densi ty  determina- 

t i o n .  

The subject entered the water tank by the ladder and assumed a 

comfortable s i t t i n g  pos i t ion.  Ins t ruc t ion  was given t o  r i d  a i r  trapped 

i n  swimming apparel. A weighted b e l t  was placed across the lap  o f  the 

I subject. Nose c l i p s  were secured t o  the nose. Emphasis was placed on 

1 performing the resp i ra to ry  maneuvers t o  the best possible a b i l i t y .  
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Subjects were asked t o  move s lowly whi le  s i t t i n g  i n  the cha i r  t o  decrease 

scale f l u c t u a t i o n  due t o  buoyancy. Holding onto the sides o f  the seat 

f o r  support, the subject was ins t ruc ted  t o  inhale then exhale as much 

a i r  as possible. When t h i s  p o i n t  was reached, the subject bent s lowly  

forward and completely submerged i n  the water. Breath was held u n t i l  

the signal,  a knock on the tank, was given by the t e s t e r  t o  b r ing  h i s /  

her head above water and r e s t .  This terminated one t r i a l  o f  HW a t  RV.  
I 

Ample r e s t  t ime was provided between t r i a l s  u n t i l  3 i d e n t i c a l  weights 

were recorded i n  succession. 

The TLC method o f  HW was achieved by asking the subject t o  inhale 

maximally before submerging. The subject bent s lowly  forward and 
I 

completely submerged under the water, The breath was held again u n t i l  

the same signal,  a knock on the  tank, was given by the t e s t e r  t o  come 

above water and r e s t .  This terminated one t r i a l .  Ample r e s t  t ime was 

provided between t r i a l s  u n t i l  3 i d e n t i c a l  weights were recorded i n  suc- 

cession. 

The weight o f  the  chai r  w i th  the weighted bel t ,  measured by the 

scale reading p r i o r  t o  test ing,  was subtracted from the observed weight. 

Recordings were made on the  data c o l l e c t i o n  sheet (see Appendix C ) .  

Three values of percent body f a t  and three values o f  body densi ty  were 

ca lcu lated from a standard formula (Brozek e t  a1 . , 1963) by app l i ca t ion  

o f  lung measurements RV, TLC-dry and TLC-wet. An ample r e s t  period o f  

3 o r  more minutes was i n d i v i d u a l l y  determined and separated the two 

methods tested. 
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Subjective Evaluation of Method? 

At the completion of all testing, the subject was asked to respond 

to a question truthfully and to the best of his/her ability. He/she was 

asked to state which hydrostatic weighing method was most comfortable 

and preferred; the RV or the TLC method. He/she could also respond with 

no preference between methods. The subject indicated his/her response 

in writing on a sheet of paper. Heishe also was asked to state a reason 

for his/her preference. 

I Statistical Treatment of Data 

I Standard descriptive techniques were used to describe the subjects. 

I A 2 x 2 x 3 ANOVA with sex, group and method was used to analyze col- 

lected data on body density, percent body fat, FVC and TLC. A ~cheffe' 

Post Hoc further analyzed these data. Chi Square ar:Jyzed subjective 

1 preference of methods. 



CHAPTER I V  

RESULTS AND DISCUSSION 

Int roduct ion 

The purpose of t h i s  study was t o  determine i f  the technique o f  HW 

a t  TLC was equivocal t o  HW a t  R V  i n  the determination o f  body density 

and percent body f a t .  The study also was t o  d i f f e r e n t i a t e  between the 

measurements of FVC-dry and FVC-wet as components o f  the  TLC hydrostat ic  

weighing technique. Also, i t  vras o f  i n t e r e s t  t o  ascertain i f  body densi ty  

and percent body f a t  measurements d i f f e r e d  between sex, method o f  HW and 

subject group. I n  addit ion, personal preference o f  HW method was 

tabulated for  each subject. This chapter includes s t a t i s t i c a l  analyses 

o f  the data co l lec ted  from the HW techniques and lung volume measurements. 

A discussion of the possible fac to rs  which inf luenced the body density, 

percent body f a t  and lung volume r e s u l t s  i s  also included i n  t h i s  

chapter. 

Subjects 

The subjects involved i n  t h i s  study were 25 female and 19 male 

competi t ive swimmers; 3 1  female and 24 male noncompetitive swimmers 

whose physical charac te r i s t i cs  are described i n  Table 1. The two d i f -  

fe ren t  groups and sexes were chosen t o  determine i f  HW a t  TLC-dry o r  

wet was equivocal t o  the RV method of HW f o r  each subgroup. These 

subjects, representat ive o f  many leve ls  of swimming a b i l i t y ,  also 

ind icated t h e i r  method o f  preference f o r  HW. 



I 
I Table 1. Mean and standard deviations for age and physical 
1 characteristics of 99 competitive and noncompetitive 

swimmers. 

Subject Group Sex 
Height Weight 

N (yrs) (cm) (kg) 

Competitive Swimmers F 25 19.2~ 168 63.88 
1.52~ 6.7 9.704 

Noncompetitive Swimers F 31 22.0 164 58.12 
3.16 6.6 7.330 

Competitive Swimmers M 19 19.4 180 74.41 
1.07 7.4 7.715 

Noncompetitive Swimmers M 24 21.3 177 74.74 
2.25 6.9 10.642 

a~eans 
b~tandard Deviations 

Pilot Study 

A Pearson Product Moment Correlation was used to determine the 

test-retest reliability coefficients of RV, FVC-dry, FVC-wet, TLC-dry, 

TLC-wet, body density and percent body fat measurements during a pilot 

study (N = 6) prior to actual data collection. Three measurements of 

body density and percent body fat were obtained by the methods of HW 

at RV as described by Goldman and Buskirk (1961), and HW at TLC as 

described by Weltman and Katch (1981) with application of TLC-dry and 

TLC-wet. The correl atians for a1 1 measurements were as follows: 

r = 0.90 for RV, r = 0.99 for FVC-dry and TLC-dry, r = 0.98 for 7VC-wet 

and TLC-wet, r = 0.99 for body density and fat by HW at RV, r = 0.97 

for body density and fat by HW at TLC-dry and TLC-wet. Correlations 



were h igh which may be p a r t i a l l y  due t o  the actual procedure and 

measurements as we l l  as t o  the degree o f  exper t ise which t h i s  researcher 

acquired from previous experience i n  hydrostat ic  weighing. Regardless 

o f  reason, the techniques were shown t o  be r e l i a b l e .  

Lunq Volume Measurements 

'The means and standard deviat ions of RV, FVC-dry, FVC-wet, TLC- 

dry  and TLC-wet f o r  a l l  subjects are reported i n  Table 2. 

Residual volume was measured on land as suggested by Robertson e t  

a l .  (1978). Studjes ind icate an In~ccuracy  i n  RV when measured during 

immersion (Agostoni e t  a l . ,  1966; Dahlback & Lundgren, 1972; Bondi e t  

al., 1976; Robertson e t  al., 1978). It was determined t h a t  premature 

airway closure causing a i r  t rapping occurs when performing RV maneuvers 

whi le  immersed. Measurements taken during immersion are n o t  considered 

t o  be accurate due t o  the co l laps ing airway impeding the necessary mix- 

t u r e  of gases f o r  analysis and preventing a i r  from e x i t i n g  the  lungs on 

exhalat ion (Bondi e t  al., 1976; Robertson, e t  al., 1978). This 

ind icates t h a t  RV, when performed during immersion, may a c t u a l l y  be 

underestimated and inf luences the determination o f  body densi ty  and 

percent body f a t  by HW a t  RV. 

I n  r e f e r r i n g  t o  Table 2, Figure 2, and Appendix D, comparisons were 

made o f  FVC and TLC measurements both d ry  and wet f o r  a l l  subject groups. 

Computer analysis o f  t h i s  data, recorded i n  Table 3, revealed no s ig-  

n i f i c a n t  di f ferences (p) .05) between sex and subject group, method and 

subject group o r  method, subject group and sex f o r  FVC and TLC measure- 

ments. There were s i g n i f i c a n t  di f ferences i n  FVC between subject groups 



Forced Vital Capacity Total Lun Ca acit 
(L., BTPS) 

RV 
T~+ 

Subject Group Sex N (L )  Dry Wet Diff. Dry Wet Diff. 

Competitive Swimmers F 25 0.986 4.508 4.237 0.271 5.492 5.221 0.271 
0.183 0.786 0.701 0.770 0.690 

Noncompetitive Swimmers 

Total Females 

Competitive Swimmers M 19 1.230 6.089 5.760 0.329 7.319 6.989 0.330 
0.166 0.833 0.832 0.858 0.858 

Total Males 

Total Combined 



Figure 2. Total lung capacity measurements for males 
and females (L. at BTPS). 
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(p < .01) and sexes (p 4.001); in TLC between subject groups (p ( .05) and 

I sexes (p(.001). Most interestingly, a significant difference (pC.OO1) 

I was found between method of measurement and sex for FVC and TLC volumes. 

Table 3. Statistical analysis of variance 
for lung volume measurements, 

I Variable Comparison* 
Level of 

F Ratio Significance 

I FVC Competitive vs Noncompetitive 8.48 .01 

I Male vs Female 130.21 .001 

I Sex vs Grotrp 0.04 NS 

1 Method vs Group 0.29 NS 

I Method vs Sex 11.95 .001 

i Method vs Group vs Sex 2.84 NS 

1 TLC Competitive vs Noncompetitive 4.27 .05 

Male vs Female 143.95 .001 

Sex vs Group 0.02 NS 

Method vs Group 0.29 NS 

Method vs Sex 12.00 .001 

Method vs Group vs Sex 2.83 NS 

*df 1,95 

To determine where the significance lay between methods and sex, 

a ~cheffe'~ost hoc analysis was performed (see Table 4). There was a 

mean decrease of 231 ml, in females' FVC-wet and TLC-wet when compared 



t o  FVC-dry and TLC-dry. The d i f ference i n  lung volume measurements was 

s i g n i f i c a n t  (~4.01). These decreases were equivalent t o  reduct ions o f  

5% i n  FVC and 4% i n  TLC. The males showed a s i g n i f i c a n t  ( p  <.01) de- 

crease i n  FVC-wet and TLC-wet when compared t o  FVC-dry and TLC-dry, 

respect ively. The average reduct ion i n  FVC amounted t o  351 ml. which 

i s  equivalent t o  6%. These r e s u l t s  also equal a 5% reduct ion i n  TLC a t  

350 ml. Combining a l l  subjects, there was an overa l l  reduct ion i n  FVC- 

wet o f  282 ml. and 283 ml. i n  TLC-wet which was s t a t i s t l c a l l y  s i g n i f i c a n t  

(p < .01). 

Table 4. scheffeRpost hoc analysis o f  lung 
volumes between methods and sex. 

Level o f  
Comparison* Methods Sex F Rat io  Signif icance 

FVC FVC-D vs FVC-W M 17.13 .01 

FVC-D V S  FVC-W F 9.70 .Ol 

FVC-D vs  FVC-W M+F 25.70 .01 

TLC TLC-D vs  TLC-W M 17.07 .01 

TLC-D vs TLC-W F 9.65 .01 

TLC-D vs TLC-W M+F 25.60 .01 

*df 1,95 

The lung volume decreases observed w i t h  immerssion were s i m i l a r  t o  

those documented i n  other studies (Hamilton & Mayo, 1944; Carey e t  al., 

1956; Jar re t t ,  1965; Agostoni e t  al., 1966; Craig & Ware, 1967; Hong 

e t  a1 . , 1969; Bondi e t  a1 . , 1976; Prefaut e t  a1 , , 1976; Girandola e t  a1 . , 



1977; Robertson et al., 1978). These studies have concluded that two 

factors decrease TLC and FVC when measured while the individual is im- 

mersed in water up to the neck. The first factor is that of the hydro- 

static pressure gradient which counteracts the force of inspiration by 

compressing the chest wall and displacing the diaphragm toward the head. 

The second influencing factor involves the redistribution of blood into 

the thorax due to the compressive effect of the water on the blood 

vessels in the extremities. The hydrostatic pressure of 20 cm H20 ap- 

plied to the chest when sitting in neck deep water decreases TLC and 

FVC (Jarrett, 1965; Agestoni et al., 1966). This pressure limits the 

ability to perform 6 maximal inhalation necessary in measuring FVC. 

In addition to these findings, Craig and Ware (1967) also observed 

that this pressure was ineffective in increasing maximal exhalation as 

there was no significant change in RV on land and in water. The blood 

shift reduces these lung volumes by decreasing lung compliance due to 

pulmonary engorgement of blood replacing air in the thorax (Hamilton & 

Mayo, 1944; Agostoni et al., 1966; Hong et al., 1969; Dahlback & 

Lundgren, 1972). The 5% and 6% reduction in FVC for women and men, 

respectively, falls in the 1-9% range reported in the literature 

(Hamilton & Mayo, 1944; Carey et al., 1956; Agostoni et al., 1966; Craig & 

Ware, 1967; Hong et al., 1969; Dahlback & Lundgren, 1972; Robertson 

et a1 ., 1978). 
It is interesting to note that the effect of immersion on long 

volumes was greatest in the males who had the larger lung volumes (see 

Table 2). This observation agrees with findings of Welch and Crisp 



(1958) who a lso reported t h a t  hydrostat ic  pressure had greater e f f e c t  

on larger  lung volumes. It could be concluded t h a t  hydrostat ic  pres- 

sure var ies on d i f f e r e n t  thorac ic  volumes. This ind icates t h a t  the 

larger  amount of a i r  i n  the lungs of the males may be more susceptible 

t o  compression than the smaller amount o f  a i r  i n  the lungs o f  the 

female. The dif ferer lces here are re levant  when addressing the  issue 

o f  appropriate measurement o f  TLC as appl ied t o  the technique o f  HW. 

Body Density and Percent Body Fat Measurements 

The means and standard deviat ions o f  body densi ty  and percent body 

f a t  f o r  a l l  subjects are reported i n  Table 5. These measurements were 

taken by the method o f  HW a t  RV, TLC-dry and TLC-wet. Comparison o f  

these methods were chosen t o  f i n d  a method o f  HW equivocal t o  the  com- 

monly used RV method. 

Comparisons o f  body densi ty  and percent body f a t  f o r  a l l  groups 

are presented i n  Table 5 and Appendix D. The method o f  HW a t  TLC-dry 

displayed a higher body density (Y = 1.0680) thus lower percent body 

f a t  (Y = 13.83) than the other two methods i n  a l l  subject groups com- 

bined. Body density was s l i g h t l y  lower (x= 1.0633) and percent body 

f a t  was higher (x = 15.70) by HW a t  TLC-wet i n  a l l  subjects combined. 

The remaining method of HW a t  RV produced the lowest body densi ty  

(x = 1.0544) and highest body f a t  (Z = 17.47) i n  a l l  subject groups 

combined. 

An analysis o f  variance was performed on these data t o  determine 

what, i f  any, o f  these dif ferences were s i g n i f i c a n t  (see Table 6). The 

levels  o f  s ign i f icance were s im i la r  t o  those obtained w i t h  the lung 



Table 5. Means and standard deviations for body 
density and percent body fat measurements. 

Percent Body Fat 1 
I 

Subject Group Sex N ORV OTLC-dry OTLC-wet ORV OTLC-dry @TLC-wet 

Competitive Swimmers F 25 1.0433 1.0512 1.0467 23.88 20.60 22.47 
0.011 0.011 0.011 4.776 4.532 4.620 

Eoncompetitive Swimmers F 31 1.0536 1.0608 1.0570 19.63 16.69 13.22 
0.013 0.014 0.014 5.488 5.730 5.641 

Total Females F 56 1.0490 1.0565 1.0524 21.53 18.44 20.12 
0.013 0.014 0.014 5.562 5.562 5.588: 

Competitive Swimmers M 19 1.0699 1.0812 1.0761 12.98 8.50 10.50 
0.010 0.009 0.009 3.893 3.520 3.538 

Noncompetitive Swimmers M 24 1.0735 1.0844 1.0787 11.56 7.28 9.51 
0.013 0.013 0.013 5.317 5.188 5.221 

Total Males 

Total Combined M+F 99 1.0590 1.0680 1.0633 17.47 13.83 15.70 
0.017 0.018 0.018 6.976 7.354 7.210 I 



volume measurements. There were no s ign i f i can t  d i f ferences ( p >  .05) 

between sex and subject group, method and subject group o r  method, 

subject group and sex. The non-significance between group and method 

can ind ica te  t h a t  noncompetitive and competitive swimmers performed 

methods w i t h  equal a b i l i t y .  As expected, s i g n i f i c a n t  d i f ferences were 

found i n  body densi ty  and percent body f a t  between subject groups 

(p <.01) and sexes (p(.001). Most re levant  t o  the purpose o f  t h i s  

study was the demonstration o f  s ign i f i can t  di f ference between methods 

o f  hydrostat ic  weighing and sex i n  ca lcu la t ing  body densi ty  and percent 

body f a t  (p  ( .001). 

Table 6. S t a t i s t i c a l  analysis o f  variance f o r  
body density and percent body f a t .  

l.i.:rel o f  
Variable Comparison d f  F Rat io  Sign.if icance 

Body Competitive vs Noncompetitive 1,95 7.14 .01 

ty Male vs Female 1,95 104.13 .001 
Sex vs Group 

Method vs Group 
Method vs Sex 
Method vs Group vs Sex 

Percent Competitive vs Noncompetitive 

Fat Male vs Female 

Sex vs Group 
Method vs Group 

Method vs Sex 

Method vs Group vs Sex 



Fur ther  ana lys is  o f  methods and sex by  a ~chef fe 'post  hoc t e s t  

(see Tables 7 & 8)  determined where t h e  s ign i f i cance  l ay .  Resu l ts  

show t h a t  t he re  was a s i g n i f i c a n t  d i f fe rence (p <.01) between HW a t  RV 

and HW a t  TLC-dry i n  c a l c u l a t i n g  male and female body dens i t y  and percent 

body f a t .  Body dens i t y  f o r  males was s i g n i f i c a n t l y  h igher  (Y d i f f e rence  = 

0.0111) and percent body f a t  s i g n i f i c a n t l y  lower (Y d i f f e rence  = 4.37%) 

wit.h HW a t  TLC-dry. Body dens i t y  f o r  females was a l so  s i g n i f i c a n t l y  

h igher  (2 d i f f e rence  = 0.0075) and percent body f a t  s i g n i f i c a n t l y  

lower (1 di f fe rence = 3.09%). These r e s u l t s  are i n  agreement w i t h  the  

recent  s tudy performed by Weltman and Katch (1981). The v a r i a t i o n  be- 

tween methods and sexes may be exp la ined by t h e  hyd ros ta t i c  e f f e c t  on the  

lungs. Since FVC was measured on land, t h e  observed d i f f e rences  i n  

body dens i t y  and percent body f a t  may be due t o  t h e  overest imat ion o f  

TLC a t  t he  t ime o f  weighing (Welch & Crisp, 1958; Weltman & Katch, 

1981). Less a i r  was a c t u a l l y  i n  t h e  lungs when immersed as compared 

t o  on l and  (males SF TLC-wet = 6,796 L., 'jl TLC-dry = 7.146 L. ; females 
- - 
x TLC-wet = 5.085 L., x TLC-dry = 5.316 L.) .  The l a r g e r  lung volumes i 

were a f f e c t e d  t o  a greater  ex tent .  The 5% and 4% overest imated volume 

of a i r  i n  t h e  males and females, respect ive ly ,  was s u f f i c i e n t  t o  

i n f l uence  body dens i t y  and percent body f a t  ca l cu la t i ons  causing 

s i g n i f i c a n t  d i f f e rences  i n  HW a t  RV and HW a t  TLC-dry. 

I n  combining data  f rom a l l  subjects,  t he  post  hoc ana lys is  revealed 

s i m i l a r  f i nd ings .  Body dens i t y  and percent body f a t  measurements were 

s t a t i s t i c a l l y  d i f f e r e n t  (p<.01) between HW a t  RV and HW a t  TLC-dry 



Table 7. ~ c h e f f e ' ~ o s t  hoc ana l ys i s  o f  body d e n s i t y  
between methods and sex. 

Level  o f  
Comparison HW Method Sex F R a t i o  S ign i f i cance  

Body Dens i ty  RV vs TLC-D M 33.01 .01 
RV vs TLC-W M 8.56 .05 
TLC-D vs TLC-W M 3.95 .05 
RV vs TLC-D F 19.69 .01 
RV vs TLC-W F 4.05 NS 
TLC-D vs TLC-W F 5.88 NS 
RV vs TLC-D M+F 50.12 .01 
RV vs TLC-W M+F 11.44 .01 
TLC-D vs TLC-W M+F 13.67 .01 

Table 8. ~ c h e f f e ~ ~ o s t  hoc ana l ys i s  o f  percent  
body f a t  between methods and sex. 

Level  o f  
Comparison HW Method Sex F R a t i o  S ign i f i cance  

% Body Fa t  RV vs TLC-D 
RV vs TLC-W 
TLC-D vs  TLC-W 
RV vs TLC-D 
RV vs TLC-W 
TLC-D VS TLC-W 
RV vs  TLC-D 

i RV vs TLC-W 
I TLC-D vs TLC-W 



The Scheffe post hoc analyses of this study (see Tables 7 & 8) 

revealed that there was no statistical difference between HW at RV and 

HW at TLC-wet in estimating body density and percent body fat in 

females (p> -05). By measuring FVC-wet and combining it with RV,  a true 

representation of TLC while immersed was established. Therefore, all 

air in the'lungs was recognized during immersion. 

A statistical difference was found between HW at RV and HW at 

TLC-wet in estimating body density (p< .05) and percent body fat 

(p 4.01) in males. Percent body fat was consistently higher using HW 

at RV (y = 12.19) than at TLC-wet (x = 9.95). These differences may 

indicate significant air trapping increasing RV during HW at RV as sug- 

gested by Dahlback and Lundgren (1972) and Girandola et al. (1.977). This 

air trapping may have been eliminated at the larger lung capacity of 

TLC during immersion. These observations were also made by Dahlback 

and Lundgren (1972). The possible underestimation of RV whem immersed 

would account for the higher percent body fat calculated from HW at R V .  

This unaccounted volume of air caused the body to be more buoyant 

yielding an inaccurate higher body fat. The use of TLC-wet may, 

therefore, increase the accuracy of HW. 

The different levels of significance found in HW at RV and HW at 

TLC between men and women may be due to varying degrees in air trapping. 

It has been shown that there is a large range in closing volumes for 

individuals of approximately the same age (Burki, Barker & Nicholson, 

1975). This factor affects air trapping and R V .  It appears that the 

males in this study may have had more air trapping during HW at RV than 

the females causing the significant difference in methods. 



The review o f  l i t e r a t u r e  does not make reference t o  HW a t  TLC-wet 

as t h i s  was recen t l y  suggested as the possible method o f  choice by 

Weltman and Katch (1981). Several reasons may subs!antiate HW a t  TLC- 

wet as the method o f  choice. Agreement on R V  changes during immersion 

have not  been uniform, as ou t l i ned  i n  Chapter 11. Observations have 

been made t h a t  pulmonary vascular congestion r e s u l t s  i n  a i r  t rapping 

and decreased lung compliance a t  low lung volumes i n  water (Dahlback & 

Lundgren, 1972; Girandola e t  a1 . , 1977). These fac to rs  would increase 

RV i n  water a t  maximal expi rat ion.  Residual volume measurements i n  

water have been inaccurate (Dahlback & Lundgren, 1972; Bondi e t  al., 1976; 

Robertson e t  a1 ., 1978), and measurements on land may be an under- 

est imation of RV i n  water. An incor rec t  R V  measurement may s i g n i f i c a n t -  

l y  a l t e r  the ca lcu lat ions o f  body densi ty  and percent body f a t  by HW. 

An underestimation o f  RV a t  the t ime o f  weighing may expla in  the highest 

percent body f a t  of a l l  methods tested i n  t h i s  study. 

The problem o f  a i r  t rapping during immersion may be reduced o r  

el iminated w i t h  large lung volumes (Dahlback & Lundgren, 1972; Thomas & 

Etheridge, 1980). Incorporat ing t h i s  observation i n  reference t o  HW 

techniques, TLC-wet may be the method o f  choice. When combining a l l  

subjects, s t a t i s t i c a l  analysis ind icates s i g n i f i c a n t  di f ferences between 

HW a t  RV and HW a t  TLC-wet. It should be noted t h a t  percent body f a t  

was cons is ten t l y  higher using HW a t  RV (X overa l l  % BF = 17.47). This 

may ind ica te  an a i r  trapping which was el iminated u r ing  HW a t  TLC-wet 

(T overa l l  % BF = 15.70). 

The mean d i f ferences i n  percent body f a t  f o r  women were 3.09% 

between HW a t  R V  and HW a t  TLC-dry; 1.41% between HW a t  RV and HW a t  



I TLC-wet. Males produced mean differences o f  4.37% between HW a t  RV and 

I HW a t  TLC-dry; 2.24% between HW a t  RV and HW a t  TLC-wet. Overal l  mean 

I dif ferences o f  a l l  subjects combined were 3.64% between HW a t  RV and 

I HW a t  TLC-dry: 1.77% hetween HW a t  RV and HW a t  TLC-wet. These 

observations are not  w i th in  the 2 4% e r r o r  associated w i th  p red ic t ing  

body f a t  by HW ( S i r i ,  1961). Hydrostat ic weighing a t  TLC-wet would be 

preferred over TLC-dry as the percentage o f  e r r o r  would be less. 

Although dif ferences i n  body density and percent body f a t  may be 

s t a t i s t i c a l l y  s i g n i f i c a n t  between HW a t  RV and HW a t  TLC-wet, 

observation i n  performance o f  methods, reported below, may also support 

c l i n i c a l  appl icat ion o f  HW a t  TLC-wet. At t h i s  po int ,  subject 

preference t o  methods also reveals HW a t  TLC as the method o f  choice. 

Data tabu la t ion  concerning subject preference o f  methods has been 

presented below. 

Preference o f  Methods 

Data r e f e r r i n g  t o  the responses of HW method preferred are recorded 

i n  Table 9. A Chi Square was used i n  the analysis o f  co l lec ted  data. 

Combined sexes i n t o  subject groups shows s i m i l a r i  t i e s  i n  method pre- 

ference. Thirty-one o f  the noncompetitive swimmers ( N  = 55) and 24 o f  

the competi t ive swimmers (N  = 44) preferred HW a t  TLC. The choice o f  HW 

a t  TLC was s i g n i f i c a n t  (p<.05) over preference o f  HW a t  RV and over the 

opt ion o f  no preference i n  regards t o  method. These data also ind icate 

HW a t  TLC t o  be the method o f  choice by a1 1 subjects combined (p < .05). 

These subjects ind icated t h a t  they f e l t  more comfortable and could hold 

t h e i r  breath longer a t  TLC. 



Table 9. Chi Square analysis of method preference. 

Subject Group N HW at RV HW at 'TLC None 

Female Noncompetitive Swimmers 31 6 17* 8 

Male Noncompetitive Swimmers 24 6 14* 4 

Total Noncompetitive Swimmers 55 12 31* 12 

Female Competitive Swimmers 25 5 16* 4 

Male Competitive Swimmers 19 4 8 7 

Total Competitive Swimmers 44 9 24" 11 

Total Combined 99 21 55* 23 
- 

*p ( .05 

These data are in agreement with observations made by Thomas and 

Etheridge (1980), and Weltman and Katch (1981). Hydrostatic weighing 

at TLC offers several advantages over HW at RV. Brozek et al. (1949) 

reported a reduced psychological effect when the subjects' lungs were 

fully inflated. The noncompetitive swimmers, who may not be comfortable 

in a water environment, appeared to be more at ease luring weighing at 

TLC as compared to RV. This enabled the subject to remain under water in 

a more relaxed state. The weighing scale fluctuation was reduced allowing 

the investigator to obtain a weight reading at stabilization in less time. 

Hydrostatic weighing at TLC-wet may be most applicable to adult 

fitness evaluations such as those performed in fitness programs. The 

participants in these programs are often older and may have increased 

pulmonary air trapping with HW at RV (Anthonisen et a1 ., 1969). These 



people are often unable to  successfully perform the required maximal 

exhalation while submerged underwater mandated with HW a t  R V .  



CHAPTER V 

CONCLUSIONS 

Summary 

The purpose of this study was to determine if HW at TLC was 

equivocal to the method of HW at RV.  It was also the purpose to deter- 

mine the appropriate measurement of TLC-dry or wet in application to the 

calculation of body density. All subjects were underwater weighed at 

lung volumes of RV and TLC. Three body densities and percent body fats 

were calculated for each subject by applying lung measurements of RV, 

TLC-dry and TLC-wet. Subjects noted HW method of choice; at RV, TLC 

or no preference. Statistical analyses were then applied to determine 

if there were significant differences between HW methods or lung volume 

measurements performed in or out of the water. 

Conclusions 

The results of this study indicated the following conclusions: 

1. Competitive swimmers had significantly larger FVC and TLC 

measurements than noncompetitive swimmers. 

2. Males had significantly larger FVC and TLC measurements than 

females. 

3 .  All males and females produced significantly smaller FVC and 

TLC when measured wet compared to dry. 

4 .  There were no significant differences in lung volume or 

capacity measurements of competitive and noncompetitive swimmers. 

i 



females' FVC and TLC measurements when immersed. This would indicate 

that immersion has the greatest effect on larger lung volumes. 

6. Competitive swimmers had significantly 1 arger percent body fat 

and smaller body density measurements than the noncompetitive swimmer-s. 

Similar results were observed comparing all females to all males. 

7. Hydrostatic weighing at RV produced the highest percent body 

fat in all subgroups. It was concluded that RV while immersed may have 

been underestimated as pulmonary air trapping may increase with immer- 

sion. 

8 .  Hydrostatic weighing at TLC-dry produced the lowest percent 

body fat in all subgroups. It was concluded that TLC was overestimated 

as the FVC component was significantly decreased in all subgroups when 

measured immersed. This resulted in significant differences between 

HW at RV and HW at TLC-dry in calculating body density and percent body 

fat for all subgroups. 

9. Hydrostatic weighing at TLC-wet was not statistically different 

from HW at RV in body density and percent body fat calculations in 

females. In measuring FVC-wet and combining it with RV, a true 

representation of TLC while imer sed was established. 

10. Hydrostatic weighing at TLC-wet was statistically different 

from HW at RV in body density and percent body fat calculations in 

males. The significance here may be due to varying degrees of air 

trapping in the lungs at RV level during HW at RV. The underestimated 

RV in HW at RV would result in an inaccurate high percent body fat. 



11. Hydrostatic weighing is not equivocal at RV, TLC-dry and TLC- 

wet. Results of percent body fat were not within the 4 4% error of 

prediction associated with tIW. 

12. Although a significant difference exists between HW at RV and 

HW at TLC-wet, the mean difference in percent body fat for all subjects 

combined was only 1.77%. Hydrostatic weighing at TLC-wet may be most 

accurate in percent body fat determination. Previous research supports 

conclusion that pulmonary air trapping was reduced or eliminated and TLC 

was accurately represented during HW at TLC-wet. 

13. Hydrostatic weighing at TLC was significantly preferred over 

iiW at RV by both competitive and noncompetitive swimmers. Subjects 

jndicated that immersion at TLC was more comfortable than at RV. 

14. Since pulmonary air trapping is more prevalent in older age, 

HW at TLC-wet appears to be indicated in older adults. 

15. This researcher made observations that subjects were more 

relaxed during submersion and there was less scale fluctuation during 

HW at TLC. It can be concluded that HW at TLC is performed better than 

HW at RV by the subjects. The tester is able to ohtain a more accurate 

weight recording from the scale during HW at TLC. It is suggested, 

therefore, that HW at TLC-wet may be clinically applied and is indicated 

especially with individuals who are not well adapted to a water environ- 

ment. 

Recommendat ions 

The following suggestions are made in reference to future studies: 
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1. As the differences between HW at RV,  HW at TLC-dry and HW at 

TLC-wet became less significant in the smaller lung volumes of the 

females of this study, it would be interesting to perform the same study 

2. Further research is needed to clarify the hydrostatic effect on 

closing volume and residual volume. 

3. Since pulmonary air trapping is more prevalent in older age, 

a similar study should be performed comparing HW at R V ,  TLC-dry and TLC- 

wet in older populations. 

4. Since the body plethysmograph is more sensitive to air trapping, 

RV determination by body plethysmograpn and nitrogen washout should be 

compared in relation to HW. 
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APPENDIX A 



INFORMED CONSENT FORM 

Project Title: Comparison of Three Hydrostatic Weighing Methods 

Principle Investigators: Joann M, McGarty / N. K. Butts, Ph.D. 

1. I have abstained from food and drink for 12 hours prior to testing. 

My forced vital capacity will be measured by spirometry on land and 
again when immersed in water to neck level both in the seated posi- 
tion. I am required to inhale maximally and exhale forcefully as 
much air as possible into a spirometer. Two trials will be neces- 
sary. 

My residual volume will be determined by the nitrogen washout tech- 
nique. This procedure will require me to rebreathe a bag of pure 
oxygen for five to ten breaths. I will also be asked to inhale 
maximally and then forcefully exhale into the mouthpiece attached 
to the nitrogen analyzer. 

Wearing appropriate swimming apparel, I will be weighed on land and 
then by two methods o f  hydrostatic weighing. One method requires 
me to submerge beneath the surface of the water after forcefully 
expelling as much air as possible from the lungs. This process may 
be repeated three to ten times. The second method requires me to 
inhale maximally and hold my breath underwater. This method will 
be repeated in three trials. 

The tester will calculate the percent of body fat from an established 
equation. 

I will respond to a question to the best of my ability concerning 
preference of one hydrostatic weighing technique in relation to the 
other. 

There may be some discomfort in breath holding underwater. Some 
risk factors which rarely occur involve possible accident, drowning 
and infection. 

I will benefit from the hydrostatic weighing by knowing my percent 
body fat. This may reflect the effectiveness of a present exercise 
program practiced aimed at reducing body fat or imply the need for 
one to be initiated. 

The Principle Investigator will answer any and all questions 
concerning procedures, risks or benefits. 



1, , being o f  sound mind and 
( P r i n t  Name) 

years o f  age, do hereby consent to, authorize and request 
the person named above (and her co-workers, agents, and employees) t o  
undertake and perform on me the proposed procedures. 

I have read the above document, and I have been f u l l y  advised o f  
the nature of the procedure and the  possible r i s k s  and complications 
I hereby assume vo lun ta r i l y .  

I hereby acknowledge t h a t  no representations, warranties, guarantees 
o r  assurances o f  any k ind  per ta in ing  t o  the procedures have been made 
t o  me by the  Un ive rs i t y  o f  Wisconsin-La Crosse, the o f f i c e r s ,  
administrat ion, employees o r  by anyone act ing on behalf  o f  any o f  them. 

I understand t h a t  I may withdraw from the  program a t  any time. 

Signed a t  t h i s  

day o f  , 19-, i n  the presence o f  the 
witnesses whose signatures appear below opposite my signature. 

WITNESSED BY: 

(Subject) 



APPENDIX B 



RESIDUAL VOLUME DATA SHEET 

NAME AGE 
F i r s t  Las t  

Tria.1 1. -- T r i a l  2. 

I n i t i a l  Volume o f  O2 (V02): 

%N2 ( Impur i t y )  (IN2): 

%N2 ( ~ l v e o l a r )  (AN2) : 

%N2 (Equi  1 i brium) Range: 

%N2 (Equi l . )  (EN2): 

%N2 ( F i n a l )  (FN2): 

Dead Space (DS): 

RESIDUAL VOLUME = 
(EN2 - IN21 - DS 

(AN2 - FN2) 



APPENDIX C 



HYDROSTATIC WEIGHING AND LUNG VOLUME DATA SHEET 

NAME 

FVC-dry : L. 

FVC-wet : L. 

TLC-dry : L. 

TLC-wet: L. 

Immersion Tank Temp. O C. 

Dens i ty  of Water (DW) 

Mass i n  A i r  (MA) kg  

Mass i n  Water (MX) kg. 

Mass o f  Weighing Apparatus (My) - kg. 
( i n  water )  

Mass o f  Water (Mu) = M~ - M~ = kg. 

A i r  i n  G.1, T r a c t  = 100 m'l. = 0.1 L. 

Body Dens i t y  (DB) = M~ - - gmlcc . 
'A - M~ - RV - 0.1 L. 

D~ 

X Body Fa t  = 4.570 - 4.142 x 100 = % 
D~ 

TLC T r i a l s  RV T r i a l s  



APPENDIX D 



Var iab le  ANOVA S ign i f i cance  S i g n i f i c a n t  Comparisons 

Body Dens i ty  Methods X Sex TLC-DM)RV-M, TLC-WM, RV-F, TLC-DF, 
TLC-WF 

TLC-WM> RV-My RV-F, TLC-DF, TLC-WF 
RV-M > RV-F, TLC-DF, TLC-WF 
TLC-DF) RV-F, TLC-WF 
TLC-WF> RV-F 

Percent Methods X Sex RV-F > TLC-DF, RV-M, TLC-WF, TLC-DM, 
Body Fa t  TLC-WM 

TLC-WF> TLC-DF, RV-M, TLC-DM, TLC-WM 
TLC-DF) RV-M, TLC-DM, TLC-Wm 
RV-M A TLC-DM, TLC-WM 
TLC-WM) TLC-DM 

FVC Methods X Sex FVC-DM) FVC-WM> FVC-DFb FVC-WF 

TLC Methods X Sex TLC-DM >TLC-WM >TLC-DF> TLC-WF 

TLC-DM = t o t a l  l ung  capaci ty-dry,  males 

TLC-WM = t o t a l  l ung  capacity-wet, males 

TLC-DF = t o t a l  l ung  capaci ty-dry,  females 

TLC-\IF = t o t a l  l ung  capacity-wet, females 

RV-M = r e s i d u a l  volume, males 

RV-F = r e s i d u a l  volume, females 

FVC-DM = f o r c e d  v i t a l  capaci ty-dry,  males 

FVC-WM = f o r c e d  v i t a l  capaci ty-wet, males 

FVC-DF = fo rced  v i t a l  capacity-dry,. females 

FVC-WF = f o r c e d  v i t a l  capaci ty-wet,  females 


