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I N T R 0 D U C T I 0 

The study described in this thesis was conducted in 

the Texas Woman's University Research Institute as a part 

of a broader research project sponsored by the ational 

Aeronautic and Space dministration . 

Four primates of th acac nemestrin species (the 

Pigtail Mo nkey ) were used in this stu y for th urpose of 

finding t he possible relationships of skeletal analyses in 

dif ferent bones in the body . 

The mai n objectives of t is study have been the 

following: 

a. To diss e ct out and clean the ajor bones f ro 

the carcasses of t e four ani als in the study , 

as follows : leg - os calsis ; tibia; fibula ; 

femur; pelvic area ; ar - radius ; ulna ; humerus; 

spine - lumbar verte ra 4; and l umba r ve rtebra 3 . 

b. To determine the dry and t he ashed weight of 

each of the above bones . 

c. To find by analysis the quantity of calci um and 

of phosphorus in each of the ashed bones, and 

to calculate the percentages of these two com­

ponents in the bones. 
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. . 
d. To find by statistical an lysis the correlations 

between certain of the pairs of factors deter-

mined by analysis in a ., b ., and c . above . 

e. To find the bone density of representative bones 

incl uded in the study , and to determine by sta-

tistical analysis possible correlations between 

thi s factor and othe r fa ctors analyzed in the 

investigation . 



R E V I E W 0 F L I T E R A T U R E 

Literature Descrip tions of the Primates 

Us ed i n the Study 

As noted , t he animals us ed in this study were pig­

tail monkey s (Macac as Nemistrina ). The young adult , ma l e , 

was e mployed. 

The pi g-tail monkey in the world state occurs in 

South e a st As ia , ranging from Borneo , J ava , a nd Sumatra 

northward a long the Malay Peninsula to Sou hern Burma . It 

also is k nown as the coconu t monkey , the term derived from 

its use by the Ma l ay s for harvesting coconuts from the 
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trees. The pig-tai l monkey is somewhat larger at maturity 

than the better k nown rhesus monkey ( acaca ulatta) . Also , 

it is more placid, considerably l ess raucous and more ame­

nable to traini ng. It has been sta t ed by Pace and associates 

(1) that Macaca Nemestrina c an l earn to understand and dis ­

tinguish between commands con s i s t i ng of a s many a s s even 

syllables. The authors h a v e f ound t ha t 60 to 90 d ay s o f 

training are required be f ore an anima l can be used as a 

satisfactory subject. It should be poi n ted out, howe ver, 

that considerable variation in beh a vior pattern is mani f est 

among individual animals, some bei ng substan tially more 

docile and rapidly trainable than others. . Also, old males 



are reputed to be savage, unpredictable a nd difficult to 

train, according to these investigators . 

Employment o f Ma caca Nemestrina 

in the Scienti f ic Area 

Bassett and Pawluk (2) have used ~ acaca emes t rina 

for the study of effects of e l e ctric currents on bone in 

vivo. Jens e n, et a l. (3) h ave used ight mother- infant 

pairs of pig-tail monkeys for the study of the effects of 

environment on the relationship between mother a nd i n fan t . 

These monkey s were hous ed in bare cages located in a sound­

proof room, with othe rs in t e laboratory in cages contain ­

ing toys. Interactive behavior was observed during the 

first 15 weeks of t he infants ' lives. Pairs in t e ri 

tion environment s pent more time in physical contact . In­

fants of these pairs oriented more beha ior t oward the -

selves and less toward the environment , loco oted less , did 

less climbing, and showed less dif fe rentia t ion in their 

activity toward their mothers. 

Weir, et al. (4) made a study of the effects of 

continuous inhalation of high concentrations of oxygen at 

ambient pressure and temperature. These investigators used 

mice, rats, guinea pigs, dogs, and monkey s in a study in 

which they were exposed continuously to 96-g9 per cent oxy­

gen for 240 hours. Better research results came from the 

monkey groups. 
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According to the primate behavior study of Devore 

(5), the facial expressions in the Macaca Nemestrina , simi­

lar to those o f baboons , include prominent use of the eyes 

as signals, embellished f urther by eyelid fluttering , in 

which raising of the brows and lowering of the lids serve 

to show a perceived signal . 

Hoffma n, Dozier , Mack and Hood (6) used four groups 

of male Maca c a Nemestrina r angi n g in weight from 7 . 4 o 8 . 4 

kilograms within their study . The pri tes were ed t o 

diets which vere similar in provision of calories , but 

which differed i n content of major nutrients . Diet sur­

pass ed Diet B in protein , but was exceeded b Diet B in 
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fat, carbohydrate , and major minerals . Ca ciu was appro i ­

mately three times as high in the second diet . 

Two groups of animals were put on the respecti e 

diets and were placed in restraint on couches for 35 days 

followed by 35 days of r e conditioning . One group of ani ­

mals on each diet was non-restrained throughout the study . 

All primates, restrained, were exposed to a biosatellite 

simulated reentry profile with centrifugation to 12 g . on 

the thirty-fifth day of the study . The Diet A restrained 

primates lost a higher percentage of weight during restraint 

and exposure to the reentry profile than did the _ Diet Bani­

mals. Although the two groups cons umed approximately t h e 

same quantity of food and the same amount a£ energy based 
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on initial body weights of the primates, the £our groups of 

animals differed in urinary excretion of nitroge n, creatine , 

and creatinine. 

Earlier Studies in the TWU Research Institute -----
Involving the Maca ca Nemistrina Primat 

Brooks (7) studied t he effect of exercise on the 

preservation of the integrity of the skeleton of the lacaca 

Nemistrina primate. She stated tha t, while the animals were 

exercising, the density of the bones in the 18 si tes of the 

skeletons of six animals used in the study beh ved in a n 

opposite manner in comparison vith that which took lace 

with the restrained animals. Bone mass increased in all 

anatomic locations during the exercise period , and decreased 

during the ambulatory period. 

Aliya N. Al-Shawi (8) studied the effects of diet 

and restraint on the bone in 17 anatomical sites of the same 

type of primates as those used in this investigation. He r 

findings with respect to bone mass when the restrained ani-

mals were compared statistically with those which were not 

restrained showed that the parts of the body which were most 

incapable of movement by virtue of the restraint while the 

animals were on their couches showed the greatest statisti-

cally significant difference between the re.st:raine.d. and the 

non-restrained animals. As a result, the lumbar spine 
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showed the greatest reduction in d ensity o f the re s tra i ned 

primates, with the os calsis rankin g n e xt. The medi a l femur 

and medial tibia showed some r es u lts of the re s t rain t , with 

the cortical vertebrae and t he pha l a nx sma l l f i nger s howing 

lesser change in this f actor. 

Dorothy Chen (9) studied the uri n ary excr etion of 

17-hydroxycorticosteroi d f rom fo ur healthy male primates of 

this type. One of the inte r sti ng findings of her study 

was the fact that the amount of 17-hydroxycorticosteroi s 

excreted in the urine v a ri e d f rom pr i m te to primate . In 

spite of individual di ffere n ces between primates , ho ever , 

a statistically signi fi c a nt increase was obtained d uring 

the Bed Rest Period s a s compar ed wi th the val ue during the 

Pre-Bed Rest phase. A statis t ically signifi c an t decrease 

also was found during the Post-Bed Rest Per iod as c ompar ed 

with the value obtained during t he Bed Rest Per iod. 

Marina Eiland (10) studied the urinary hydroxy ­

proline excretion by four primates of t h is type as in-

fluenced by immobilization. She concluded from her study 

that there was a highly significant increase in e~cretion 

of urinary hydroxyproline during the Restraint Period as 

compared with the Pre-Restraint period, although one of the 

four experimental animals did not increase in this respect 

significantly. During the Post-Restraint Period, only two 

primates remained in the study. The increase Lrr_hama 



density in these primates duri n g t he Res traint Period was 

significantly highe r as compared to that obtained dur i n g 

the Pre-Restraint Period. 

Ila Varia (11) studied the urinary creatine and 

creatinine excretion in f our pig- tail monkeys duri ng re­

straint and non-restraint . She stated that , in a ll four 

primates, daily creatine excretion during the r e - Bed Rest 

Period was surpassed b y that of the Be Res t Period by a 

difference which was highly significant . Two of the pri ­

mates experienced very little a ctivity when the were re ­

turned from their couches to the ir meta olis cages . This 

fact would explain t he r eason why primates excreted higher 

amounts of creatine d uring the Post- Bed Rest Period as com­

pared to the Pre-Bed Re st Period . 7ith regard to creati ­

nine, there was no statistically significant change a ong 

the primates in any o f the different periods of the study . 

Dorothy Van Zandt (12) studied t he effect of a new 

type of restraint garment on bone mass and on the calci um , 

phosphorus, and nitrogen metabolism of acaca eme strina 

Primates. She found that all animals lost bone mas s in all 

paralled sections across lumbar Ve rtebra e 4 and 3, in the 

pelvic area, in the head of the femur, and in Cervical Ve r­

tebrae 1 and 2. Contrary to the findings o£ previous stu­

dies, the elimination of calcium, phospho rus, and nitrogen 

decreased at the same time that loss of bone m~ and of 
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body weight was taking pla ce. This is a ttr i buted t o the 

fact that the food intake by t hese p r ima t es was v e ry l ow , 

and was insuf ficient to mainta i n me t abo l ism adeq uately . 

9 

Siada Tolba (_13) conduc ted a study on the nitrogen 

metabolism of Macaca Nemestri na primates duri ng i mmobiliza­

tion and ambulation. The r es ults showed th t these primates 

excreted the highest amoun t o f urin ry n' trogen and otal 

nitrogen (including that in ur i ne and f ces ) d uring the 

Restraint Per i od, with t he lowest amount during the Pre­

Restraint Period. 

Aliya Al-Shawi (1 4) determine d he qu n titative 

measurements o f the mi neral in the ske.le on of a sq uirrel 

monkey and t h e correlatio n o f the method of determining 

bone mass by means o f r adi ogr aphi c bone densitometry with 

biochemical analyses o f bone components. 

Various skeletal sites o f the monkey s were -ray e d 

in vivo while under an anesthetic. The animals were sacrL 

ficed and 108 bones were dissected out of each for t h e 

determination of dry weight, ash weight, and per cent ash. 

This experimenter stated that the weights of the bone ash 

were relatively proportional to the dry weights. The per 

cent of ash of the various bones was relatively close. 

Sixty-nine per cent of the banes contained from 55 to 65~ 

per cent ash. 
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Forty-seven bone s wer e analyzed f or c alc ium . The 

amount of calcium in t h e bones varied according to the size 

of the bones. The gre a test amount of c alcium as fo und i n 

the skull. 

The mass o f 24 b ones was determined by the means of 

densitometric tr a c e s o f X- rayed portions of the skeleton . 

The bone density and the content of ash in the bone were 

correlated with the q ua ntitative measurements det rrnined by 

means o f biochemica l a nalysis . 

Charlene Varn e r (15 ) studied a problem designed 

primarily to f ind t he re l ationship between the bone mass 

in te rms of calibr ation wedge equivalency of c rtain ana­

tomical sites in f our p r imates of the species acaca e is ­

trina and the bone ash a n d c al c ium found in the bones hich 

were analyzed by radiographic bone dens itometry . 

The animals were X-raye d "in s itu" and t hen certain 

bones were extirpated, cleaned , a n d X-rayed again a s in t he 

"in situ" position. Th e same bones were a s h e d , and were 

X-rayed a third time. Then the radiograph s i n each case 

were scanned in certain carefully selected s ites to f ind 

the relationship between the bone density of t he same site 

in situ, in the dry form, and in the ashed fo rm . 

The per cent of the bone ash and t he quantity o f 

calcium of each of the ashed bones was determined by chemi­

cal analysis. 
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Certain findings of the author's study are compared 

with previous Texas Woman's University Research Institute 

studies, and are discussed later in this thesis. 



P L A N 0 F P R 0 C E D U R E 

PRIMATES INCLUDED IN STUDY 

The animals used in this study were f our male pig-

tail monkeys (Macaca Nemestrina). 

follows: P-21, P-25, P-30, P-69. 

They were numbered as 

The study was done after 

the animals had been sacrificed and maintained by freezing . 

MEASUREMENT OF BONE DE SITY 

The bone density of the primates was measure in 

certain anatomical sites in situ, in the same bones extir­

pated and cleaned, and in the same bones ashed . The quan­

tity of calcium in the ashe d bones was determined by chemi­

cal analysis. 

The radiographic bone densitometric technique used 

in this study was that developed by ack and colleagues of 

the Texas Woman's University Research rnstitute. (18) (19) 

(20) It consisted of a Digital Comp uter method based on an 

Analogue Computer system. 

Analogue System. The equipment of this system con­

sists of four basic units as follows: 

a. A modified Knorr-Alber~ &canning unit; 

b. A Speedomax Model G transmitting recorder which 

12 
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produces the f i lm density curve and contains 

within the same panel a series of potentiometers 

used for · the purpos e of correcting the nonlinear 

density curve; 

c. A Speedomax Model G recorder for displaying the 

curve; and 

d. An Instron Integrator geared to the output of 

the second recorder. 

The s equence o f operations needed to achieve lin­

earization o f a density curve and to integr te t e ar a 

under the curve o f a bone on t he same radiog r aph is as 

follows: 

a. The wedge X-ray i age first is scanned for the 

purpose o f providing the densit curve of that 

film on the first recorder . 

b. Then the technologist measures the displace ent 

from a standard trace which confor s to t e 

straight-line slope of the wedge at 20 points 

along the chart baseline, and sets the respec­

tive potentiome ters in the panel associated 

with each of the points. This is facilitated 

by the use of a scale whi c h shows the deviation 

of the scan from linearity at each point, thus 

indicating the correct potentiometer setting 

required to obtain t h e needed resistance f or a 
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section of a major slidewire within the instru­

ment geared to each of the 20 points on the 

curve mentioned above . 

c. The wedge image is traced again on a chart on 

the second recorder , in order to c eck t e 

linearity of the corrected curve . 

d. When the wedge tr cing displayed on the second 

panel is corrected to a straight line , t e d -

sired section of the one t en is sc nne wi 

its trace also shown on the second record r . 

The scan is evaluated simul aneously by means o 

a readout count obtained fro an Instron In e ­

grator situated in the lo er part o t e second 

record panel of the instrumentation . 

Addition of Digital Co puter . The Te xas o an ' s 

University bone densitometric system has received further 

automation by the addition of a d igital c o puter to the 

Analogue System. 

The computer has been i mplemented to perfor co pu­

tations similar to the fun ctions performed by the previous 

Analogue System. First, the wedge i age is scanned and t h e 

resulting light transmission data are stored in ter s of 

distance along (or thickness of) the wedge . Second, the 

bone image is scanned and the resulting light transmission 

data are stored. After both wedge and bone scans have been 



completed, the computer calibrates the stored bone scan in 

terms of equivalent wedge thickness by using the stored 

wedge scan data. The calibrated bone data then are inte-

15 

grated along the scan by using a trapezoidal approxim tion 

integration formula. (21) See Figure 1 for Bone D nsito eter . 

Standardiza tion o f X- Ray Units and Radiographs . 

Three methods of standardization are used : (a ) an aluminum 

alloy calibration wedge is e xposed o n each film adjacent o 

the bone; (b) a Victoreen roe n tgen-meter is used imm dia ly 

before making a radiograph to determine t~e calibr ed kilo­

voltage which would produce identical - ray earn qualities 

with all X-ray units used; and (c) at eac t esting eriod , 

a phantom compo sed of bone i mbedded in an organic atrix is 

exposed. 

DETER!v1INATION OF DRY VE IGHT OF BO ES 

Thawing each animal was the first step in t his study . 

After thawing the animals, the bones needed were dissected 

from the carcass, and as muc h of the soft tissue was r e oved 

as possible. All adhering tissue and cartilage were oved 

from the bones by means of scissors and chamois s kin . f ter 

the dissection of the various bones, they were labeled and 

were placed in an oven to dry at ssoc for 24 hours, or 

longer if necessary, to obtain a constant weight. Then they 

were weighed. 



Figure 1. Digital-A nalogue Compu ter Assembly . Thi s is he bone de nsi ­

tometer assembly used in scann ing sect ions of bone radio raph s 1n 

order to evaluate the i r density i n the Apol lo VI I es s . At e 

extreme right is the densitometer th ro ugh w ich he calibrat ion 

wedge is scanned by means of a standa rd light bea after '-' i c he 

bone section to be measured is scanned . The t wo cen t ra l sections 

are a part of the analogue computer assembly . At he extre e le 

is the digital compute r, by means of h i ch the t est i s prog ra ed 

so that the density of the bone section i s obtained ~i thout anual 

work on the two central recorders. The ent i re analogue asse bl y 

is used only periodically f or cal ibration purposes. 

16 



bones. 

DETERMINATION OF ASH 

Approximate ly 48 hours were required to ash the 

This was accomplished by placing the various ones 

in individually marked porcelain crucibles of pro er size , 

which previously had been brought to constant weig t . The 

bones were ashed in a mu ffle furn ce r gulated ~t 600°C 

until constant weigh t was obtaine . fter cooling , he 

ashed bones were weighed and X- r yed . 

By dividing t he ashed weight by e dr w ight and 
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multiplying by 100, the percent ash of ac bone was calcu-

lated. 

OF I 0 E SH 

The calci um determi nation as a e b the ethod of 

Ferro and Ham. (22) (2 3) The accurac of the et od has 

been established in the laboratories in \hie the ork as 

done, with the following procedure . 

The reagents used in the calci um deter ination ere 

as following: 

Chloranilic Ac id . Four grams of sodi hydroxide 

were dissolved in 600-700 mi lliliters of distilled 

water containing 11 gra s of c hloranilic acid. 

Enough distilled water was added to ake... one.. li±er. 

The solution was agitated for 10 minutes or until 
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all of the acid was dissolved . Sodium hydroxide or 

chlorani lic acid was employed to adjust the solution 

to pH 7. 0. 

Isopropyl Alcohol (50 per cent) . 

Methyl Red as an indicato r . 

Calcium Standard (10 milligrams per 100 m' llil' ers ) . 

Nine milliliters of 1 Tel \ ere add o e ac y 

0.2497 gram o f reagent grade calcium c arbon te , whic was 

placed ln a liter volumetric flask . The mi tur as llo ed 

to stand until all of the calcium c arbona e had dissolved . 

A dilution o f one liter was made by adding su ' cient wa er . 

The ashed bones were dissolved in 6 Cl or diluted 

HCl, and diluted to a volume of 200 or 100 il iliters e ­

pending upon t he weight of the ashed bones . An aliquot of 

this bone solution was obtained and placed in a ol etric 

flask where volume was diluted so that the calci concen­

tration was approxima tely 10 milligra per 100 Llliliters . 

Some drops of methyl red solution vere added to flasks 

which were filled about three - fourths full with diEtilled 

water. After adjusting the pH of the orange neutral point 

(pH 4.5-5.0) with HCl and NH40H, the flasks then were filled 

to the mark. 
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Two milliliter al i quots of the final bone solution , 

a water bl a nk , and the standard were pipetted into 15 illi -

liter plastic c e n trifuge tubes . To each tube was added one 

milliliter o f t he c hloranilic acid reagent . T is w s er­

mitted to stand f o r approxima t e ly two hours . 

The tubes wer~ centrifuged for 10 · nutes a 1500 

r.p.m. The supernatant liquids were discar ed ith care , 

so that none o f t he precipitate w s lost . The ub were 

inverted and al l owed to d r a in for at least ive nu s . 

The precip itates then were washe with is~pro 1 leo ol 

(50 per cent) , r e c entri f uge , and dr ine 

washing step was r epeated and t he tubes 

drain as dr y a s po s sible . Two drops of 

s before . T is 

e e al owe o 

·s illed water 

were added to each tube , followed by minor sh king , ith 

six millilite rs o f t he EDTA solution added , after hie the 

tubes were shaken t horoughly . 

The EDTA disso lved all precipitates . The n t e 

absorbance of each solu t ion wa s deter ined at 520 u b use 

of the Coleman Jr. spectrophotometer . A EDT solution as 

a blank was used for compari son. 

The concentrati o n o f t h e dilute d bone solution a s 

obtained by using t h e formula: 

Concentration o f Standard 
=K 

Optical Density of Standard 



K x Optical dens i t y o f samp l e x Dilution x Volume 

of Sample = millig r ams of c alci um 

DETERMINATION OF PHOSPHORUS I BO E ASH 

Phosph?~us wa s determined by t he ethod o f Fiske 

and Subbarow (24) as modi f i e d b y Dr ye r , e t a . (2 5 ) . 

The reagents u s e d in the p h osphorus ete r 1in ion 

were as following: 

Phosphorus Stock S t and rd . 500 ppm . 0 . 4 38 go 

reagent grade KH2Po 4 i s i ssolved in e r a 

200 @1 volume t ric fl ask a n d t e solution · s dilu 

to volume. 
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Phosphorus ~ ork ing Sta ndards . The phosphorus stock 

solution is diluted to p r epar e wor ing s ta dards 

containing 0.25, 0.50, 1 . 00 and l . SOmg/ 1 00 1 of 

phosphorus, resp ectively . 

Sulfuric Acid. 5 N. 1 35 ml o f c onc entrated sulfuric 

acid is diluted to 1 liter. 

Ammonium Molybdate Solut ion. 0 . 0 25 . 30 . 8 g o f 

ammonium molybdate is p lace d i n a liter vol ume tr i c 

flask containing approximately 800 1 o f water and 

0.8 ml of concentrated sulfur~ acid. After t he 

salt is dissolved, the contents of t h e flas k a re 

diluted to volume with water. Thareagent is stored 



in the refrigerator. 

Sodium Bisul f ite So l ution . 20 grams of sodium bi ­

sulfite (1 per cent) is dissolved in water and di ­

luted to 2 liters . 
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P.P.P.D. Solutio n . 1 . 0 0 g of - phenyl - - phenylene-

diamine monohy d ro chloride (Semidine) is placed in a 

2 liter flask and moistened with e hyl alco o . T 

contents of the flask are dilute o volume wi 

1.0 per c ent sodium bis u lfite sol tion . The conte nts 

of the tube are shaken well before aking u to vol -

ume. The solution must be fil ere 

stored in the re f r igerator . 

T e re ge t is 

Sample Solutio n . The samples are di ted so at 

the diluted solutio n con tai n s an amo t of p os ­

phorus which will f all wi thin the r ange of the 

standards. A range of 250 t o 5000 dilution is sed 

for ashed bones. 

1. Place 2 ml of each work ing sta ndard , each s p l e 

solution, and a water blank in a e d i s i ze 

test tube. 

2. Add 2 ml of 5 N sulfuric acid to each tube and 

mix. 

3. Add 2 ml of ammonium molyb~ sol tion to each 

tube and mix. 



4. Add 4 ml of P.P.P.D. s oluti on to each tube a nd 

mix. 

5. Allow to stand 15 minutes. 

6. Pour into 19 rnrn. Coleman cuve ttes a nd r ead in 

the Coleman Spectrophotometer at 700 mu versis 

a water blank whi ch h as been c arried through 

the complete procedure . 

STATISTICAL TREATMENT OF DATA 
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All values for each bone we r e re corded o n charts 

and punched on IBM cards in t h e s t atistical laboratory of 

the Texas Woman 1 s University Resear ch Ins titute . The cards 

then were run at the TWU Data Pr ocessing Center , by me ans 

of an IBM 1620 computer. 



P R E S E N T A T I 0 N 0 F F I G S 

RESULTS OF BO E A ALYSES 

The results o f the analyses of dry weights and shed 

weights of the bone, together with mil ligrams o calciu a 

of phosphorus in t he bone are given n T l I - A o o or 

the respective primates in the study . 

The percentages of c alcium an of phos horus as 

calculated from the dry weights and sh d eig s 0 e 

individual bones appear in Table II - to D. l b es 

are given in the Appendix of this Report . 

The values for the various components o the bone 

factors are clearly r e l ated to the sizes of t e bo es · -

volved. Thus the pelvic area , w ich i c udes t e largest 

overall mass of skeletal ma t e rial , has the highest alues 

for dry and ashed bone weights , together ith t e highest 

weights of calcium and of phosphorus . Thi s is followed b 

the femur, which is the largest indi v i dual bone . The 

smallest quantities of dry and ashed bone and of t he t o 

major components of bone are found in t he o s calsis, t he 

smallest bone studied. This pertains to each of the four 

animal skeletons in the study. 
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FEMUR 

STATIST I CAL CO PARISONS OF PAIRS OF THE V LUES 

FOUND IN THE ANALYSIS OF DRY A D AS EIGHTS ---
OF THE DESI GNATED BO ES , A D OF CALCIU 

AND PHOS PHORUS IN THE BO ES 

24 

Correlation coefficients ca culated for co risons 

between the f our fa ctors analyzed on t e co pos on of he 

femur as shown in this study are g ven in Ta e III , art 

Correlation coe ffi cients bet een e ashed weight o e 

bone and calcium in the bone , b et e n as ed eigh an os -

phorus in the bone , and b e tween calcium i he bone and 

phosphorus in the bone were highly signi icant (P < 0 . 001) . 

Correlation coefficients bet ee n dr eight and 

ashed weight o f the bone , and between dr eig t and hos -

phorus in the b one were significant at the 2 . 0 er ce t 

level, while that calculated between dr eig t and c al -

cium in the bone wa s significant at t e 1 . 0 per cent le el . 

The data from all four pri ates in t e respecti e 

bones for study were pooled for these statistical calc la-

tions. 

HUMERUS 

As in the case of the fEmur calculations, t he co-

efficients of correlation for ashed weight and calciu in 

the bone, for ashed weight and phosphorus in the_ bone, and 
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for calcium in the b o n e and phosphorus in t e bone were 

highly significant (P < 0 .001) . On the o h r hand , dry 

weight compared wi th ashed weight, dry weight compared wi h 

calcium in t h e bone , a n d dry weight comp red wi phosphorus 

in the bone gave coefficients of carrel tion which we e sig­

nificant a t the 1.0 per cent level . S e Table II , r 

RADIUS 

Table III, Part C gives the correla o co ficients 

and the Proba bilities o f Significance resul ng o he 

comparisons of the a n alytical factors found fo e us . 

Findings from the statistical analys s or h r dius 

included re s ults which deviated from ose fo or e wo 

heavier bones, the femur and the humerus . In h's case , he 

comparisons of the dry weight and calciu in t o e , o 

the dry weight and pho sphorus in the bone , and of the as ed 

weight and both the c a lc ium and t he phos horus i 

were not statistically s ignificant . 

he o e 

On the other h a nd , c omparisons of phosp o r s in t e 

bone and the per cent of phosphorus in dry eig t of bo e , 

and of phosphorus in t h e bone and per cent of p osp o r s i 

ashed weight were highly sig nif icant (P < 0 . 00 1 ) . Calci 

in the bone and phosphorus in t he bone were distinctly sig­

nificant (P < 0.01), while calci um in the bone co par ed 

with per cent of calcium in dry we i gh t of bone , and of c al ­

cium in the bone and per cent of calc ium in ashe d bone 
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weight gave coefficients o f c orrelation whic were signifi­

cant at the 5.0 per cent level . 

ULNA 

The ulna likewise di ffe r ed from the h avier long 

bones, femur and humerus, in the significance of he co­

efficients of correlation which were calculate or h 

pairs of analytical factors . See Ta le I I , P rt D. These 

two closely related bones o f the forearm wer si i ar wit 

respect to the correlation coeffici nts for co risons o 

dry weight and phosphorus in the bone (not sig i ican 

both cases), in ashed weight and phosphorus in he o e 

(also not significant in both cases) , in phosphorus the 

bone and per cent o f phosphorus in dry weigh , a d again in 

ashed weight (coe fficients of correlation highl s·gni i ­

cant in both cases (P < 0. 001). 

The correlation coefficients deri ed ro the co -

parisons of dry weight and ashed weight ere significa t 

both for the radius and ulna, with the for er significa t 

at the 1.0 per cent level and the latter at t e 5 . 0 per 

cent level. 

The remainder of the comparisons ere not si ilar 

in the radius and ulna. The reasons could be that the two 

bones differ in size and in their conten t o - marrow , with 

the relatively higher per cent of phosphorus than of ca l ­

cium in bone marrow possibly a factor. 
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TIBIA 

Highly significant correlation coefficients were 

found for the tibia when ashed weight of he bone was corn­

pared with the quantity of phosphorus in t e one , and when 

the amounts of calcium and of phosphorus in the one were 

compared with each other (P < 0 . 001 in o h comparisons) . 

The coefficient of correla ion be ween she bon 

weight and calcium in the bone was signific nt a e 1 . 0 

per cent level , while dry bone weight and qu tit of ca -

cium in the bone had a correlation coe icien sig i ic 

at the 5.0 per cent l evel . 

The coefficie nt of correlation for he co parison 

of dry bone weight and phosphorus in the one s sig if' -

cant only at the 10.0 pe r cent level . hat for t e co -

parison of dry weight and ashed weight for t e tibi s 

not significant. See Table III, Part E . 

FIBULA 

The correlation between dry weig t and ashed eig t 

of the fibula was shown to be highly significant (P < 0 . 001) . 

This was in contrast with the findings for the tibia it 

respect to this comparison. This can be a ccounted for b 

the fact that the proportion of mineral in the fibula is 

higher than that in the tibia. 
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Phosphorus in the bone was correlated with per cent 

of phosphorus in the dry weight of bone , wi h a correlatio 

coefficient which was significant at the 1 . 0 er c en level . 

The same level o f significance was found in he correlati o 

coefficient calculated between the amount o ho s horus in 

the bone and the per c ent of phosphorus in the ashed bo e . 

Dry weight and ashed weight of the ibu a ere e ­

lated by a correlation coefficient which was s·g i ant 

the 5.0 per cent leve l. The dry weight of this bon and he 

quantity of calcium in the bone , the ashed we'ght an ca ­

cium in the bone, and the amounts of calciu a d phospho us 

in the bone also gave correlation coe f icien s hich er 

significant at the 5.0 per cent level . 

The compar ison of ashed weight a d he amo n o 

phosphorus in the bone proved to be not significan 1 cor-

related. See Table III, Part F . 

OS CALSIS 

Only one of the correlations bet een e ar ·o s 

bone factors for the os calsis which were co P te as 

found to be significant. This was the co pariso be ee 

ashed weight and quantity of calci um in t e bo e (P < 0 . 01 ) . 

See Table III, Part G. 



PELVIC AREA 

The pelvic area which was extirpated was composed 

of extensive cance l lous materi al , some cor ical one and 

some bone marrow. The composition of this bone here or 
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differs cons ide r ably f rom that of a bone such as he femur . 

When calculations were made in order o de er i 

possible correl a t i o ns between pairs of f ctors w ic had 

been analyzed in t his study , no significa ce as oun 

three of the comparisons which were made , name hat 

between dry we i gh t and calcium in the bone , h 

ashed weight a nd c a l cium in the bone , an tha 

calcium in t he bone and phosphorus in t e bon . 

The ashe d weight o f the pelvic are 

ee 

e en 

he le el 

of phosphorus i n t h e bone gave a correlation coeffic·e 

which was highly signi ficant (P < 0 . 001) . 

When dry weigh t of the skeletal terial i t is 

area was compared with ashed weigh t , the corre a io co­

efficient was disti nctly significant (P < 0 . 01) . T e co ­

parison of dry weight wi th phosphorus in the bo e ga e a 

correlation coefficient whic h was s ome hat significant 

(P <. 0. 05). See Table III, Par t H. 

LUMBAR VERTEBRP£ l ~~ 4 

The dry weights of the t wo lumbar vertebrae ic 

were included in the study were not obtained, an hence 



these factors could not b e included in the comparisons 

which were made to find whether correlations were 

See Table III, Parts I and J . 

ou 

For both of thes e bones the ashed weig t o e 

bone and the quantity o f calcium in he bone were found 
0 

be related, with highly signi ficant coe f ici en s of carr -

lation (P < 0.001). 

Only one additional calculated co la ion oved 

to be significant for either verte r a . This t s e 

lationship between phosphorus in the bone ·and per c n o 

phosphorus in the bone. The correlation coefficien s i 

both cases were signi ficant at the 1 . 0 le el . 

RELATIO SHIP OF BO E DE SITY 

·To CERTAI 

Correlations were determined in order o sho pos ­

sible relationships between bone densit of re resent i e 

bones and certain skeletal factors deri ed fro this st d 

analytically. Only three of the experi ental a i als ad 

radiographic bone densitome tric deter inations ade . 

The bone density values are in ter s of Integrator 

counts from the computer, which is closely related to bone 

density. 

30 
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Pelvic Ar ea . The pelvic area , which included tle 

skeletal material o f t he greatest weight , in he study , e -

hibited statistical l y signi ficant correlations be ween bo e 

density and the f ollowing analytical factors considere in 

the study: 

Bone dens ity and 
dry weigh t of bone . 

Bone density and 
ashed weight of bone 

Bone d e nsity and per 
cent o f c alcium in dry 
weight o f the bone . 

Bone dens ity and per 
cent o f phosphorus in 
dry v:e i ght of bone . 

Bone den s ity and per 
cent o f c alcium in ashed 
weight o f b o ne 

Bone density and per 
cent of phosphorus in 
ashed weigh t o f bone 

Correla ion 
Coefficien 

0 . 9633 

0 . 9861 

0 . 92S8 

0 . 9999 

0 . 9387 

0 . 76 83 

Lev 1 of 
Signif ' nee 

p < 0 . 0 

p < 0 . 0 

P < 0 . OS 

p < 0 . 001 

p < 0 . 02 

P < 0 . OS 

Femur. The f e mur, the largest of t e long bo es i 

the study, was found to s how various significa t correla -

tions between bone densi ty a nd bone factors for 

ses were run, as follows: 

Bone density a n d 
dry weight o f bone . 

Bone densi ty and as he d 
weight of bone 

Correlation 
Coefficient 

0.9S62 

ic a al -

Le el of 
Sig 

p < 0 . 02 

p < 0. 02 



Bone density and per cent 
of calcium in dry 
weight o f bone . 

Bone density and per c e nt 
of calcium in ashed 
weight o f bone 

Bone density and quantity 
of phosphorus in dry bone 

0 . 97B3 p < 0 . 01 

0 . 9946 p < 0 . 01 

0 . 9967 p < 0 . 00 

Radius. The radius exhibite some statis ical1y 
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significant corre lation coefficients , 1 ough a ew o 

the correlations had a relatively low leve of s·g c nee , 

as shown in the following : 

Bone dens ity and dry 
weight o f bone 

Bone dens ity and ashed 
weight of bones . 

Bone dens ity and per cent 
of calcium in dry 
weight o f bone 

Bone density and per cent 
of calci um in ashe d 
weight of bone 

Bone density and per cent 
of phosphorus in dry 
weight of bone 

Bone density and per cent 
of phosphorus in ashed 
weight of bone 

0 . 9560 p < 0 . 0 2 

0 . 9363 p < 0 . 02 

0 . 8255 p < 0 . 10 

0 . 8ll7 p < 0 . 10 

0 . 8999 P < 0 . OS 

0 .9015 p < 0 . 05 

Ulna. Contrary to the radius, tha ulna , a s a11er 

bone, failed to show statistical significance in an of the 

coefficients of correlation whi ch were calculate d bet·een 

e 



comparisons of bone density and other analytical bone fac­

tors. 

Tibia. The tibi a , on the other hand , was found o 
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have significant relationships between bone density an fo ur 

other skeletal factors as shown below : 

Bone density and per 
cent o f calcium in dry 
weight of bone 

Bone density and per 
cent o f c alcium in 
ashed weight of bone 

Bone density and per 
cent o f phosphorus in 
dry weigh t of bone . 

Bone density and per 
cent o f phosphorus in 
ashed weight of bone 

Corr la ion 
Coeffici nt 

0 . 9535 

0 . 8977 

0 . 9999 

0 . 9853 

Lumbar Vertebra 4. Lumbar ertebra 

p < 0 . 02 

P < 0 . OS 

p < 0 . 00 

p < 0 . 01 

e ibited 

three statistically signi ficant correlations bet ee bo e 

density and other skeletal fa ctors . These ere the fol o -

ing: 

Bone density and ashed 
weight of bone 

Bone density and quantity 
of calcium in the bone 

Bone density and per cent 
of calcium in ashed bone . 

Correlation 
Coefficie 

0 .992 4 

0.9747 

0.8641 

Le el of 

p < 0 . 001 

0 . 01 

p < 0 . 10 
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Lumbar Vertebra Three and other of the sm ller o es 

which ~e re tested did not s how significant correlations 

tween the bone dens i t y and o ther analytical one f cto s 

which were analyzed. There were various reasons why is 

was the case. The bone s were small and the d a on he 

e-

various analyses probably was inadequa e or s 

comparison with the bone den sity scans , wi h only 

is factory 

f w 

scans possible on the sma lle r ones . The os calsis , or 

example, permitte d only one comput r scan ec use o i s 

size. 

COMPOSITE ANALYSIS OF POOLED DAT 

When data f or a l l bones analyzed or al 

experimental primate s having bone densi y easure e s 

were pooled, highly sig n ifican t correlation coe icie s 

were obtained for two ma j or c ompa r isons . The correla io 

coefficient for the comp a r ison be t wee n com osi e one de -

sity and overall per cent of calci i n the dr eigh of 

bone was 0.7725 with a level of stati s tica l signi fica ce 

of P < 0.001. The correlation coefficie nt fo r t e c o ­

parison of overall bone dens i t y wi t h per cent o f pho s o r s 

in the dry weight of bone was 0 .615 1 hich is hig 1 s i gni ­

ficant (P < 0.001). The reason why t he l e el of sign ' fi ­

cance was higher for lower correlation c o e ff i cie ts t an 

were obtained in some other comparisons is t he f act t a t 

a larger group of data were available fo r a ny bone s of 



all animals than was able to be used for one bone 0 

animal. 

DISCUSSION 
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one 

The results from this study bear a strong la io -

ship to those from t wo similar invest iga ons ca ried on in 

the Texas Woman's University Research Ins i u e , a ely-­

Al Shawi (14) and Varner (15) . The p rpose of he 10rk y 

Al Shawi was to obtain quanti tative measur men s o 

mineral in the skeleton o f a squirrel monkey a o cor e -

late the method of determining bone mass by m ans of r a ­

graphic bone densitome try with iochem·c l a alysis . 

Of 108 bones which were given r i l s udy , 7 

bones were analyzed fo r calcium . The a mount of c ci 

the bones varied according to the size a d ensit o 

bones. The greatest amount o f calci um was ound in he 

skull which contained 1305. 0 milligrams . 

i 

The simple linear correlation coeffic i e nts be een 

the bone mass as determined by densito etric traces ro 

the in situ x-rays and the dry bone weig t , t e as eig t , 

and the calcium content in the 2 4 se lected oones ere 

highly significant (P<:O.OOl). The correlation coe fficien t 

between the bone mass and the per cent ash as s ta tis ti ­

cally significant at the two per cent level o f c onfidence . 



The following summary gives the correlation coef­

ficients obtained by this investigator when poole dat 

from bone density evaluations obtained from the 24 on s 

were compared with dry bone weight , bone ash eigh , per 

cent of bone ash, and two c alcium determinations f om h 

ash. 

Dry Bone Per Cent Calcium Calcium alciu 
Bone Ash Bone Deter- D r -

Weight Weight Ash rnination I min a on II v r g 

0.980 0.999 0. 498 0 . 998 0 . 998 0 . 998 

Significant at t he 0. 01 l evel of co~fidenc (r = 0 . 96) 
Significant at t he 0 . 001 l evel of confi -ence (r = 0 . 608) 

The disser tation by Varner (15) cit abo e as 

based on a problem designed pri ~ r il o find e a o -

ship between the bone mass in t erms of cali ra io edge 

equivalency of certa i n anatomical sites in four pri a es 

of the species Macaca nernestrina and t he one as an c 

cium found in the ~ones which were ana lyzed b r adio-

graphic bone densito~etry . 

The animals were X-rayed "in situ" and t en cer-

tain bones were extirpated a nd c leaned , and ~ere - ra e 

again as in the "in situ" pos ition . The sa e bones ere 

ashed, with the ash maintained in the original s ape , a d 

were x-rayed a third time. Then t he radiograp s in eac 
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case were scanned in certain carefully selected sites to 

find the relationship between the bone density of he same 

si te in situ, in the dry form, and in the ashed form . 

The content of each of the ashed ones was d er­

mi ned by chemical analysis . 

The per cent of the bone ash an e qu nti y o 

ca l cium in the ash was f ound to differ ·n he di er 

bones, and for the same bone i the four ri a es to a 

cer tain exte nt. 
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Coefficie nt s of correlation wer ound n t 12 

sites inves t igated , ranging from 0 . 9758 to 0 . 99986 , deno~i g 

a high degree of c orrelation betwee h v lu s ound for 

bone mass by the method of r adiographic bo e ensito e r 

and the quantity o f calcium in the bones as deter · e 

chemical analysis. 



SUMMARY A N D C 0 N C L U S I 0 s 

This study involved four primates of the c ca 

Nemistrina species, which had as its purpose to confirm an 

to extend previous research which had been condu ed in 

these laboratories on the interrelationships of v rio s 

skeletal factors of this type of primate , including he 

comparison of bone density data as obtaine by e T u 

method of radiographic bone densitometry and h t secu 

by chemical analysis. 

This work extended t he fi ndi ngs o o re ious 

TWU research workers in that it include the o n s an 

percentages of calcium and of phosphorus in the dr eig t 

and ashed weight of a large number of bones , s e 1 s 

that only in the ash. Also, intercorrelations e e eter -

mined between pairs of the factors of qry ei t as 

weight of the bone, calcium and phosphorus n t e dr· o e , 

and calcium and phosphorus in the ashed bone . is . as i 

addition to finding correlations between each of t ese fa c ­

tors and bone density, the latter being t e pri e p rpose 

·of the two previous investigations. 

In this study, significant correlations ere deter ­

mined in comparisons made between pairs of t e en erate 

analytical bone factors in 10 anatomical sites. The highest 

38 
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levels of statistical s igni ficance were found in the larger 

bones. 

In addition, s ignificant correlations were found 

between bone density b y t he radiographic bone densito etr' c 

technique developed by research workers in the Te s om n ' s 

University Research I nstitute and certain of he bone f c­

tors. The most consistently high coefficie n s o carrel -

tion were found between bone density and th 

cium and of phosphorus in the bones studie . 

e ls of c 1-
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T A B L E I - A 

DRY WEIGHT, AS HED WEIGHT , CALCIU A D 

PHOSP HORUS CONTENT OF DESIG ATED 

INDIVIDUAL BONES FRO PRI T 21 

Dry P~shed Calciun Phos 1ho us 
Bone \\Teight Weight i on i 0 

(grams) (grams) (milligrams) (m · lligr s) 

Femur 38.1065 22 . 0310 8429 390 8 

Humerus 30.7972 18 . 9783 7332 3257 

Ulna 15.2484 9 . 3282 355 3 35 

Fibula 5.9100 3 . 442 8 171 87 

Tibia 24.4005 13 . 4687 5165 2 8 

Radius 15.0563 8 . 910 6 3228 3103 

Os calsis 4.5130 2.1164 762 36 

Pelvic Area 86.6272 38.3269 1 618 6651 

Lumbar 
Vertebra 4 7.7257 3.6643 1273 322 

Lumbar 
Vertebra 3 8.4355 3.8002 1383 321 
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T A B L E I - B 

DRY WE IGHT , ASHED WEIGHT , CALCIU A 0 

PHOSP HORUS CONTENT OF DESIG ATED 

INDIVI DUAL BONES FROM PRI TE 25 

Dry Ashed Calcium Pho 0 s 
Bone ~veight Weight in Bo e 0 

(grams) (grams) (milli . ams) (m lig m ) 

Femur 48.5580 25 . 439 6 100 0 329 

Humerus 34.9164 20 . 4764 810 3 7 

Ulna 17.7650 9 . 8127 3838 7 6 

Fibula 7.9184 4 . 3590 178 7 0 

Tibia 28.3348 15 . 1560 6050 25 9 

Radius 18.1310 1 0. 2340 335 17 1 

Os ca1sis 4.6580 2. 0340 771 238 

Pelvic Area 154.8368 51. 4592 13360 0 2 

Lumbar 
Vertebra 4 X 4.5773 1757 790 

Lumbar 
Vertebra 3 X 4.8939 1749 8 23 

Lumbar 
Vertebra 2 X 4.9855 1851 847 



46 

T A B L E I - C 

DRY WEIGHT , AS HED WEIGHT , CALCIU A D 

PHOSPHORUS CONTENT OF DESIG TED 

INDI VIDUAL BONES FROM PRIMATE 30 

Dry Ashed Calcium Phos oru 
Bone Weight We i ght in Bon n on 

(g r ams ) (g r ams ) (milligrams) ( 'lligr rn ) 

Femur 32.9233 17 . 1550 67 71 2953 

Hume r us 24.8360 13 . 2740 52 7 2250 

Tibia 23.2720 11 . 1135 4 8 8 5 

Ulna 13.5950 6 . 9'206 272 6 2 

Radius 11.4480 6 . 3710 2 84 106 

Fibula 5.1552 2 . 7727 1197 6 7 

Os calsis 4.7590 1 . 7004 66 296 

Pelvic area 69.3940 26 . 4814 10530 66 

Lumbar 
Vertebra 4 X 2.37 15 859 402 

Lumbar 
Vertebra 3 X 2.636 4 969 432 
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T A B L E I - D 

DRY WEI GHT , ASHED WEIGHT , CALCIU A D 

PHOSPHORUS CONTENT OF DESIG ATED 

INDIVI DUAL BONES FROM PRI TE 69 

Dry As h ed Calcium Phos ho us 
Bone Weight ~"leight in one i o e 

(grams ) (grams ) (milligrams) (millig ams ) 

Femur . ' 32p 062 8 20 . 239 9 7 46 2 3385 

Humerus 24.51 9 9 15 . 7107 5852 263 

Tibia 22.256 8 13 . 5342 5058 2 2 5 

Ulna 12.5852 7 . 8723 2888 5 3 

Radius 10.3070 6 . 3311 4717 5 5 2 

Fibula 4.7797 2 . 9105 1067 2 39 

Os calsis 3.4800 1 . 8613 697 310 

Pelvic area 83.4681 35 . 9187 13497 5999 

Lumbar 
Vertebra 3 X 3.4980 1249 1179 

Lumbar 
Vertebra 2 X 3.6273 1300 1182 



T A B L E I I - A 

PER CENT CALC IUM AN D PHOSPHORUS CALCULATED F 0 

THE DRY ~.VEIGHT AND ASHED WEIGHT OF VARIOU 

INDIVIDUAL BONES FRO PRIMATE 21 

+J c 
c..c::-. ·r-1 +J-. 

~+J- ·r-1 t:J"+J ...C:+J 
........ ........ ·r-1 ...c: +J ·r-1 ~ CJ) 0"1 ~ 

+I {/) +J CJ) O"'S:: ~ (}) (}) :J·r-1 (}) 
(}) ..c:: 8 '"d ..C::E E ·r-1 <lJ :J , u ~ (}) u 
~ >ttnco (}) tn co :J (}) u ·r-1 0 
0 H·r-i H ..C:: · r-1 H ·r-1 u ~ ..c 
m Cl (}) tn {/) (}) tn u H r-1 (}) (}) 

3-- ~3-- r-1 >t (}) co...C:~ CJ) (}) 

co ~ o~ u {/)........., 0~0.. 
UCl '-"" ,ct; ...c:a--

A. 

Femur 38.1065 22 . 03 10 22 . 12 38 . 2 0 . 26 

Humerus 30.7972 18 . 9 783 23 . 81 38 . 63 10 . 58 

Ulna 15.2484 9.32 8 2 23 . 29 38 . 07 2 . 99 

io-. 

Fibula 5.9100 3.442 8 29 . 00 9 . 79 20 . 09 

-
Tibia 24.4005 13 . 4687 21 . 1 7 38 . 35 9 . 3 

I.... 

Radius 15.0563 8.9106 21 . 4 36 . 23 20 . 61 

~ 

Os ca1sis 4.5130 2.116 4 16 . 88 36 . 00 8 . 11 

I..... 

Pelvic Area 86.6272 38.3269 16 . 87 38 . 1 7 . 67 

1--.. 

Lumbar . 74 . 1 7 
Vertebra 4 7.7257 3.6643 16.48 3 

~ 

Lumbar 
Vertebra 3 8.4355 3.8002 16.39 36 .39 3.81 

I........ 

8 

C+J 
·r-1 -. 

\ 4-) 
CJ) ·r-f h 

(}) C) 
~ u 
0 

...c: 
~ "0 ~ 
CJ) <U (l) 
0 

{/) ....... 

17 . 7 

17 . 6 

35 . 6 

3 8 

16 . 7 

3 . 8 

. 30 

. 35 

8 . 8 

8. 5 



T A B L E I I - B 

PER CENT CALCIUM AND PHOSPHORUS CALCULATED FR01 

THE DRY WEIGHT AND ASHED \EIGHT OF VARIOUS 

INDIVIDUAL BONES FRO PRI TE 25 

+) ~ 
s::..c:-- ·rl +) ............. 

S::+J-. ·rl b +l ..c:.w 
............. ............. -r-l..C: .p ·r-l s:: entJ"'S:: 

+J rJJ +J rJJ tJ'lS:: e Q) Q) ::l·rl Q) 

Q) ..c: e ro ..c: e 8 ·.-i Q) ::::s u H OJ U 
s:: !>;t:fl rd Q) tJI rd ::::s Q) u ·r-l 0 
0 H·r-l H ..C: · r-l H ·r-l ,.. U'dH ..c: 
o::l QQ)t:fl rJJ Q) tJ'l u H ,...., Q) Q) H 

8= -- ~ 
..._... ,...., >, Q) rtl..C:O.. en Q) 

rd H I u en- OHO.. 
UQ..._... ~ ..c:o-

~ 

I I Femur 48. 5580 25 . 439 6 20 . 68 39 . 7 8 . 92 

I 
H ... lffierus 34.9164 20.47 64 23 . 21 39 . 58 9 . 95 

Ulna 17.7650 9.8 127 21 . 60 39 . 11 9 . 83 

Fibula 7.9184 4.3590 22 . 53 0 . 92 9 . 35 

Tibia 28.3348 15.1560 21 . 35 39 . 92 9 . 17 

Radius 18.1310 10.234 0 18 . 49 3 2 . 77 9 . 60 

Os calsis 4.6580 2.03 40 16.55 37 . 91 5 . 11 

Pelvic Area 154.8368 51.4592 8 . 63 25 . 96 5 . 20 

Lumbar 
Vertebra 4 X 4.5773 X 38 .3 8 

-
Lumbar 
Vertebra 3 X 4.8939 X 35 .74 

Lumba= 
Vertebra 2 X 4.9855 X 37.13 X 
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S::+l 
·rl ..c: ............. 

O'IJ.J 
en .,.; s:: 
::::s Q) Q) 
H u 
0 

..c: 
"0 H 

en OJ OJ 
o ..c: o_, 
..c:en-
~ 

7 . 0 

6 . 7 

6 . 97 

16 . 97 

17 . 9 

17 01 

11 . 70 

15 . 6 3 

17 .26 

16 . 82 

16 .99 



T A B L E I I - C 

PER CENT CALCIUM AND PHOSPHORUS CALCUL TED FRO 

THE DRY PEIGHT AND ASHED WEIGHT OF VARIOUS 

. INDIVI DUAL BONES FRO PRI TE 30 

+J c 
c...c:- -~ .+J ......... 

c.w-- -~ 0" .+J ...C:.+J -- -- -~ ...c: .+J -~ h (f)tJ"C 
+J U) ..j.J (f) t:J"'IC 3 Q) ~ :J-~ Q) 

Q) ...c: ~ 'd ...c: ~ ~ -~ Q) H Q) 0 
c ~O"rU Q)t]') rU ::s Q) 0 -~ 0 
0 H-~ H ...C: -~ H - ~ 0 'd H ...c: 

c:Q QQ) tyl (f) Q) tyl 0 H .--; Q) Q) ~ I 
~ .......- ~ .......- .--; ?I Q) rU ..c:: ~ (f) Q) 

rUH~ U(f)'-" 0 ~ 
UO"-" ~ ..c::o-

~ 

ur 32.9233 17 . 1550 20 . 57 38 . 4 8 . 97 

e rus 24.83 60 13 . 2740 21 . 1 3 39 . 53 9 . 06 

'bia 23.272 0 11 . 1135 19 . 27 40 . 35 8 . 1 

Ulna 13.5950 6.92 06 20 . 05 39 . 39 8 . 91 

adi us 11.4480 6 . 3710 21 . 7 0 38 . 99 9 . 66 

Fibula 5.1552 2.7727 23 . 22 43 . 17 9 . 06 

Os ca1sis 4.7590 1.7004 13 . 95 39 . 05 6 . 22 

Pelvic area 69.3940 26.4814 15 . 17 39 . 76 6 . 44 

Lumbar 
Ver tebra 4 X 2.3715 X 36 .22 X 

Lumbar 
Vertebra 3 X 2.6364 X 36 . 75 X 
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C.+J 
-~ ..c::-

t:J".+J 
(f) -~ c 
~ Q) Q) 
H 0 
0 

~"0 
(f) Q) Q) 

0 ..... ~ ..c:: (/)'-" 

~ 

17 . 21 

16 . 95 

17 . 05 

1 7 . 9 

1 . 36 

16 . 8 

17 . 1 

16 . 86 

X 

X 
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T AB L E . II - D 

PER CENT CALC IU .. A D PHOSPHORUS CALCULATED FROM 

THE DRY WEIGHT AND ASHED WEIGHT OF VARIOUS 

INDIVIDUAL BONES FROM PRI TE 69 

.+J c C.+J 
c...c:- - ~ . -.. - ~ ...c: ....... 

S::.+J- -~ tJl .+J ...C:.+J t:Jl.+J 
.......... .......... - ~ ...c: .+J -~ en tJl c en·..-l c 

.+J en .+J en c 3 Q) ~ ::J .,.., Q) ::J Q) Q) 

Q) ...C: 8 ro ..c:e 8 ·...-l Q) l-1 Q) u l-1 ' u 
s:: ~ t:Jlm Q) tJl m ::s Q) u .,.., 0 , 0 
0 ~ -~ l-1 ...c: .,.., l-1 - ~ u ro l-1 ...c: ...c: 
~ QQ) tJl en Q)t:Jl u )...I r-lQ)Q) ~ l-1 ~ro l-1 

3: --- ,c:r: --- r-l ~ Q) m..c: en Q) en Q) Q) 

m l-1 ~ uen ........... Ol-IO! 0 ..c ~ 
u o--- ,c:r: ...c:o ........... ..cen--

t:4 t:4 

Femur 32.0 62 8 20 . 239 9 23 . 2 7 36 . 87 10 . 56 16 . 72 

Humerus 2 4 .5 199 15 . 7107 23 . 87 37 . 25 0 . 73 1 . 75 

Tib ia 22.2 56 8 13 . 5 342 2 2 . 7 3 37 . 37 0 . 09 16 . 59 

Ulna 12.5 85 2 7. 872 3 22 . 95 36 . 69 5 . 75 82 . 73 

Radius 10.3070 6 . 3311 45 . 7 6 7 . 51 5 . 89 86 . 11 

Fibula 4.7797 2. 91 05 22 . 3 2 36 . 6 6 5 . 0 0 8 . 21 

Os calsis 3.4800 1. 8613 2 0 . 03 37 . 45 8 . 91 1 6 . 66 

Pelvic area 83.4681 35.91 87 1 6 . 17 37 . 5 8 7 . 19 16 . 70 

Lumbar 
Vertebra 4 X 3.4980 X 35 . 71 X 33 . 70 

Lumbar 
Vertebra 3 X 3.6270 X 35 . 84 X 32 . 59 



I A B L E 

CORRELATION COEF FICIENTS Ella~ QE FACTORS~ 

D..E_S_I GNATED BONES 

f8.B.I. 8... FEMUR 

Factors Compar e d 

Dry Weight and 

Ashed Weight 

Dry Weight and 

Calcium in th e Bon e 

Dry Weight and 

Phosphorus in the Bon e 

Ashed Weight and 

Calcium in the ·Bone 

Ashed Weight and 

Phosphorus in the Bone •• 

Calcium in the Bone 

and Phosphorus in the Bone 

Cor r 1 at ion 
Coeff ici e nt 

0 . 9028 

0 . 9643 

0 . 9002 

0 . 9842 

0 . 988 2 

0.9784 

Pro bab ility o 
Si gni f i ca nc 

P< 0 . 02 

P< O. OI 

P< O. 02 

P< O. 00 I 

P< O. OOI 

P<O. OOI 
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I A B L E LL1. 

CORRELATIO N COEFFI C IENTS~~ QE FACTORS EQa 

DESI GNATED lintlli, CONT INUED 

fARI a. HUMERUS 

Fac t ors Compa r e d 

Dry Weight and 

Ash ed We i ght 

Dry We ight a nd 

Calcium in th e Bone 

Dry Weight and 

Phosphorus in the Bone 

Ashed Weigh t and 

Calcium in the Bone 

Ashed Weight and 

Phosphorus in the Bone • 

Calcium in the Bone 

and Phosphorus in the Bone 

Correla ion 
Coeff ici n 

0. 9338 

0. 9725 

0.9383 

0.9914 

0.9989 

0.9926 

Probabil i y of 
Si gnificance 

P< O. Ol 

P< O. Ol 

P< O. Ol 

P< O. OOI 

P< O. 00 I 

P< O. OOI 
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I A B L. E 

CORRELATI ON CO EFF ICIENTS £QR ~ QE FACTORS £QR 

~ESI GNATED BONES, CONTINUED 

Factors Compa r ed Corre lat ion Probab i 1 i ty of 
Coeffici en Si gnificance 

Dry ~le i ght and 
Ashed Wei ght . 0 . 9892 P< 0 . 001 

Dry Weight a nd 
Calcium in t he Bone . . N o s i g n i i c a n 

Dry Weight a nd 
Phosphorus in th e Bone N o t s i 9 n i i c a n 

Ashed We i ght a nd 
Calcium tn t he Bone . N o t s i 9 n i f i c a n 

Ashed We i ght a nd 
Phosphorus in t he Bone N 0 t s i 9 n i i c a n '-

Calcium in the Bone 
and Phosphorus i n t he Bone 0 . 9369 P< O. OI 

Calcium in the Bon e and 
per cent of Calcium tn 
Dry Weight . . . 0 . 8733 P< O. 05 

Calcium in the Bone and 
per cent of Calcium in 
Ashed Weight . . . . . 0. 8544 P< O. 05 

Phosphorus in the Bone and 
per cent of Phosphorus in 
Dry Weight . . 0.9 760 P<O. OOl 

Phosphorus in the Bone and 
per cent of Phosphorus in 
Ashed Weight . . . 0.9760 P<O. 001 
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I A B L.E I I I 

CORRELATION COEFFI CIENTS £QR ~ ~E FACTORS £QR 

DESI GNAT~ BONES, lONTINUED 

Factors Compared 

Dry We ight a nd 

As he d We ight 

Dry We i ght and 

Ca lcium in the Bone 

Dry We igh t a nd 

Phosphoru s in th e Bone 

A she d '.,i e i gh t an d 

Calcium in th e Bone 

Ashed Weight and 

Phosphoru s in the Bone • 

Calc i um in the Bone and 

Phosphorus in t he Bone 

Phosphorus in the Bone and 

per cent of Phosphorus rn 

Dry Weight . 

Phosphorus in the Bone and 

per cent of Phosphor us in 

Ashed Weight . • • 

Corr l at ion 
Coe ffi c i e n 

0. 8382 

0.921 I 

Pro b bi 1 i y o f 
Si gni i ca nce 

P< O. OS 

P< O. 01 

N o Signi fica n 

0. 9831 P< O. OO I 

Not Si g ni Fican 

Not S ignificant 

0. 9942 P< O. OOl 

0 .9909 P<O. OOI 

55 



56 

I A B L E 

COR R E L8.LL.Qtl .cJ2ll.E.l..UEl EQR £8.1E..S.. Q£. FACTORS £..QB. 

DESI GNAIEQ ~' CONTINUED 

f8.!ll E --· II BIA 

Factors Compa r ed Correlation Probab i I i y of 
Coeff ic ient Signi icance 

Dry ~Je i ght and 

Ashed We i ght . N o t s i g n i f i c a n 

Dry We ight a nd 

Calcium in th e Bo ne . 0 . 8642 P< O. 05 

Dry Wei ght and 

Phosphorus in th e Bone 0.7741 P< O. IO 

Ashed Weight and 

Calcium in the Bone . . 0 . 961 1 P< O. OI 

Ashed Weight and 

Phosphorus in the Bo ne 0 . 9931 P< 0 . 001 

Calcium in the Bone 

and Phosphorus in the Bone 0 .9844 P< O. OOI 



I A B L. _E.. .LLi 

CORRELATI ON COEFF ICIENTS £QR ~ QE FACTORS £Qa 

DESIGNATED ailll~, ONTINUED 

f8JU £. f.lli.l.Ll8. 

Factor s Compa r ed Correlation Pro babi li 
Coeffici en Si gnific 

:---· 

Dry Weight and 

y 0 

nee 

A shed We i ght 0 . 9790 P< O. OOI 

-

Dry We i ght and 

Ca lcium in th e Bone 0 . 8541 P < O. 05 

Dry Weight and 

Phospho ru s in th e Bone N o s i g n i f i c a n 

As hed We igh t and 

Calcium in the Bone . 0 . 8681 P< 0 . 05 

Ash ed Wei ght and 

Phosphoru s in the Bone N o t s i g n i f i c a n 

Calcium in the Bone and 

Phosphoru s in the Bone . 0 . 8505 P< O. 05 

Phosphorus in the Bone and 

per cent of Phosphoru s i n 

Dry weight of Bone . . . 0.9571 P< O. Ol 

Phosphorus in the Bone and 

per cent of Phosphorus i n 

Ashed Weight of Bone . 0.9606 P<O. OI 
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I A B L E 

CORRELATION CO EFFICIENTS £QR ~ QE FACTORS~ 

DESI GNATE D ~, CONTINUED 

Factors Compare d Corre lation Pr obabi 1 it y o 
Coeff ici ent Significance 

Dry Weight and 

Ashed Weight . N o t s i g n i f i c a n 

Dry Weight and 

Calcium in th e Bone N o t s i g n i i c a n 

Dry Weight and 

Phosphorus in t he Bone N 0 t s i g n i f i c a n 

A shed Weight and 

Calcium in the Bone 0. 96 28 P<O. OI 

Ashed Weight and 

Phosphorus in the Bone . N o t s i g n i f i c a n t 

Calcium in the Bone 

and Phosphorus in the Bone N 0 t s i g n i f i c a n t 
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I A B L E j_J_J_ 

.c..a.R.B..E..lQH C 0 E F F I C I E N IS .E.QR .E.8JB..S. .Q£. FA C I 0 R S £.Q.B. 

DESI GNATED BONES , CONTINUED 

Fac t or s Compared Carrel ion Probabi 1 it y of 
Coefficien Signi icanc 

-

Dry \-J e i gh t and 

Ashed We i ght . . . 0 . 9485 P< O. OI 

Dry He i ght and 

Ca lcium in th e Bone N o s i g n j f i c a n 

Dry We i gh t a nd 

Phosphoru s in t he Bone 0 . 89 17 P< O. OS 

As hed Wei ght a nd 

Calcium in th e Bone N o t s j g n i f j c a n 

Ashed Wei ght and 

Phosphorus in th e Bo ne . 0 . 9878 P< O. 00 I 

Calcium in the Bone 

and Phosphorus in the Bone N o t s i g n i f i c a n t 



I A B L E LLl 

CO RRE LATIO N COEFFICI ENTS~~ Q£ FACTORS L R 

DES I GNATED a~, CO NIIN~ 

Facto r s Compared Corr e lat ion Probabi 1 i ty of 
Coefficient Si gnificance 

As hed Weight and 
Ca l cium i n the Bone . . . 0. 9995 P<O . OOl 

As hed Weight and 
Phospho r us in th e Bone N o t s i g n i f i c a n 

Cal c i um in the Bone 
a nd Phosphor us in the Bone N o s i g n i f i c a n 

Ph os pho r us i n the Bone and 
pe r cent Phosph o ru s in 
t he Bone . . . . 0.9204 P< O. Ol 

fAJll l. .l..l.ll::1.M.R. VERTEBRA !± 

Ashed Weigh t a nd 
Calc i um in the Bone . 0.9887 P<O.OOl 

Ashed Weig ht an d 
Phos phorus in the Bone N 0 t s i g n i f i c a n t 

Calcium i n t he Bone 
and Phosphor us in the Bone N o t s i g n i f i c a n t 

Phosphorus i n the Bone a nd 
per cent o f Phosphoru s in 
the Bone . . . . . . . 0. 9203 P< O. Ol . 
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