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INFLUENCE OF AGE, SEX AND CALCIUM AND PHOSPHORUS LEVELS
ON THE MECHANICAL PROPERTIES OF VARIOUS
BONES IN SWINE!2

T. D. Crenshaw?, E. R. Peo, Jr., A. J. Lewis, B. D. Moser and D. Olson*

University of Nebraska, Lincoln 68583

Summary

Seventy-two 4-week-old pigs were randomly
assigned by sex (gilts, barrows, boars) to two
dietary treatments and four age periods for
determinations of the effects of age, sex and Ca
and P levels on the mechanical properties of
various bones in swine. Pigs were individually
fed diets containing either .4, .4% Ca,P (T1) or
.8, .8% Ca,P (T2). Slaughter times (age period)
were approximately 1 (A1), 3 (A3), 5 (A5) and
7 (A7) months after the initiation of the trial.
The femur (Fem), humerus (Hum), third and
fourth metacarpal (3MC, 4MC), third and
fourth metatarsal (3MT, 4MT), third rib (Rib)
and thoracic vertibrae were collected at each
age period for mechanical tests and determina-
tion of percentage of ash. Bending moment,
ultimate stress, yield stress and modulus of
elasticity were determined by a flexure test in
which the bone was treated as a simply sup-
ported, centrally-loaded beam (three-point
loading). Bending moment of bones from boars
was similar to that of bones from gilts or
barrows. When expressed as force per unit area,
the ultimate stress of bones from boars was less
than that of bones from gilts or barrows.
Percentage of ash did not differ significantly
between sexes, but tended to be lower in bones
from boars than in bones from gilts or barrows.
Bones from pigs fed T2 had a higher bending
moment than bones from pigs fed T1, regardless
of age. At Al, the Fem, Hum and Rib of pigs

!Published as Paper No. 6094, Journal Ser., Ne-
braska Agr. Exp. Sta.

2pept. of Anim. Sci. Acknowledgment is made to
Chuck Clanton for assistance with engineering equa-
tions and to Cecilia Stodd and Mary Barnes for labora-
tory assistance.

3Current address: Meat and Anim. Sci. Dept.,
Univ. of Wisconsin, Madison.

4Current address: Anim. Sci. Dept., lowa State
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fed T2 were able to withstand a greater stress
than the same bones of pigs fed T1. At A3 and
A5, the ultimate stress of all bones increased
with increasing levels of dietary Ca,P. At A7,
the Fem, 4MT and Rib failed to show a response
to increased levels of Ca,P.

(Key Words: Bone, Sex, Age, Calcium, Phos-
phorus, Swine.)

Introduction

The physical characteristic, strength, has been
used by nutritionists to assess mineralization of
bones. Burnett (1908) used bone strength to
demonstrate the value of P in feedstuffs for
swine. More recently, Hayes et al. (1979)
concluded that bone strength was the best trait
from which to estimate the bioavailability of
dietary P.

The ideal bone(s) for assessing mineralization
in swine may vary with age, sex and possibly
other biological as well as economical factors.
For example, bones from the front or hind feet
are more accessible and economically more
appealing for testing than is the femur or
humerus. Tanksley (1979) implied that the
femur is a better indicator of bone development
than are metacarpal bones, and that Ca and P
requirements for maximum bone development
differ widely, depending upon the bone used.
Henrikson (1968) demonstrated in dogs that
vertebrae and then ribs are depleted of Ca
before long bones. Using *Ca, Pond et al.
(1969) reported similar activity among verte-
brae, mandibles, nasal turbinates and the
proximal and distal ends of both the femur and
humerus of young pigs.

Researchers have recently reported that
boars have a Ca-P requirement for maximum
bone breaking strength higher than current
NRC (1973)-recommended levels of optimum
growth (Tanksley et al., 1976; Nimmo et al.,
1980). For the most part, NRC-recommended
levels for Ca and P have been based on research
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with growing-finishing barrows and gilts. Little
work has been done to determine directly the
effect of sex on the mechanical properties of
bone.

The purpose of the research reported herein
was to determine the influences of age, sex and
Ca-P levels on the mechanical properties of
various bones in swine.

Materials and Methods

Seventy-two 4-week-old crossbred pigs were
randomly assigned by sex (gilts, barrows, boars)
to two dietary treatments and four age periods.
Pigs were individually fed a 16% corn-soybean
meal basal diet (table 1) containing either .4,
4% (T-1) or .8, .8% (T-2) Ca and P. Pig weights
and feed consumption were measured biweekly.
Pigs were housed in an environmentally regulated
building with 1.07 m X 1.52 m individual pens
and completely slatted concrete floors. The age
periods designated for study were 1 (Al), 3
(A3), 5 (AS5) and 7 (A7) months after the
initiation of the trial, but the pigs were actually
slaughtered at 18, 82, 145 and 192 days of age.

At slaughter, eight bones were collected for
the determination of mechanical properties and
percentage of ash. The bones were all from the
right side and consisted of the femur (Fem),
humerus (Hum), third and fourth metacarpal
(3MC, 4MCQ), third and fourth metatarsal (3MT,
4MT), third rib (Rib) and the right half of the
thoracic vertebra (Ver) located at the third rib.
Bones were cleaned of adhering tissue by
autoclaving at 116 C and 1.3 kg/cm? pressure.
Depending upon the amount of tissue surround-
ing the bone, the time of autoclaving was
adjusted so that blood around the bone itself
was still bright red. We considered the bones to
be “raw bones” even though they had been
exposed for a short time to autoclaving. Before
and after cleaning, bones were stored at —28 C
in plastic bags to maintain the original moisture
content. After mechanical tests and measure-
ments were made, the bones were extracted in
anhydrous ethyl-ether for removal of lipid
material and then ashed at 600 C.

The mechanical properties of all bones
except the vertebrae were determined by a
flexure test with an Instron Universal Testing
Machine®. The flexure test has been widely
used for determining the mechanical properties

$Model 1123, Instron Corp., Canton, MA 02021.

CRENSHAWET AL.

TABLE 1. COMPOSITION AND
ANALYSIS OF DIETS

% Ca,P

Ingredient 4, 4 .8, .8
Corn, yellow

(IFN 4-02-935) 76.86 74.30
Soybean meal

(IFN 5-04-604) 20.58 21.04
Dicalcium phosphate

(IFN 6-01-080) .60 2.92
Limestone

(IFN 6-02-632) 31 .09
Trace mineral mix2 .10 .10
Selenium premix2 .05 .05
Salt, iodized

(IFN 6-04-151) .50 .50
Vitamin premixb 1.0 1.0

100.00 100.00

Chemical analysis:

Dry matter, % 87.8 87.9

Protein, % 15.6 15.4

Ca, % 41 .82

P, % 44 86

2Contributed the following in milligrams/kilogram
of diet: Zn, 200; Fe, 100; Mn, 55; Cu, 10; Co, 1.0;
I, 1.5; sodium selenite, .1.

bContributed the following per kilogram of diet:
vitamin A, 3,300 IU; vitamin D,, 440 IU; riboflavin,
2.2 mg; d-pantothenic acid, 13.2 mg; niacin, 17.6 mg;
choline chloride, 110 mg; vitamin B,,, .022 mg;
ethoxyquin, 4.4 mg; menadione sodium bisulfate,
2.2 mg; vitamin E, 22 TU.

of bones (Baker and Haugh, 1979). The bone
was treated as a beam supported at each end
and a force was applied at midshaft. Force was
applied at a constant rate (5 mm/min) to all
bones, and a recorder was used to plot the
force-deflection curve (figure 1), where chart
movement Wwas proportional to crosshead
movement. The test was stopped when the
curve leveled off or reached a peak or maximum
force, and the ultimate stress of the bone was
determined. Although most bones did not
break apart at this point, if further deformation
of bending occurred, the bone failed to with-
stand any greater increase in force, as indicated
by the dashed line portion of the curve beyond
point A (figure 1).

In the initial phase of the curve, force in-
creased in a linear fashion and was proportional
to deformation. It is during this phase that elas-
tic deformation occurs (Evans, 1973), and up
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Force (Kg)

F—Cc—
— D
Chart Movement (€—)

Figure 1. Typical force-deformation curve recorded
in mechanical test of bone, A = peak force, kilograms.
B = inflection force, kilograms. C = deformation to in-
flection point, millimeters. D = deformation to peak
point, millimeters.

to the inflection point no permanent damage is
done to the bone. At the inflection point,
maximum yield stress can be determined.
Beyond the inflection point, permanent damage
is done to the bone, or plastic deformation is
exhibited.

Measurements were made at the point of
loading (midshaft) to determine outside and
inside diameters of the bones. Impressions
were made of the cross sections of a representa-
tive portion of each bone, and the moment of
inertia was calculated according to the method
of Granik and Stein (1973). Diameters of the
cross sections were used in equations for
calculating the moment of inertia of known
shapes, and the equation with the lowest
percentage error was then used for that bone
(figure 2). By this method, we determined that
the equation for the moment of inertia of an
ellipse more closely fits the shape of the femur
and humerus, while the equation for an elliptical
quadrant more closely fits the metacarpal,
metatarsal and rib.

Equations used for calculating the various
strength parameters involving elliptical cross
sections have been reported by Weir et al
(1949). Equations used for bones with a cross
section of an elliptical quadrant were taken
from an engineering handbook by Griffel
(1966).

Femur

b
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Humerus

2.6683 1.7214
I 2.5677 (3.77) |© 1.8506 (6.98)
1d 2.8717 {7.08) 14 2.0697 (16.83)
' ¥
3mMT o amT O
|b .2607 .2446
1€ .2202 {(15.53) .2021 (17.39)
19 .2463 (5.53) .2260 (7.61)
4 ¥
3MC a amc 0
b .2919 .2285
1 .2532 (13.28) .2135{6.57)
1d .2831 (3.01) .2388 (4.30)
Rib i Equations
>
P 0234 e = area moment of inertia
1 .0194 (16.8) 1 = 0491 (BD3-ba®)
1¢ .0217 (6.96) 1 = .0643 (BD3-bd3)

Figure 2. Determination of equations used for cal-
culating the moment of inertia of various bone cross
sections. The number in parentheses is the percentage
difference from I°, I° = the area moment of inertia
about the neutral axis determined by procedure used
by Granik and Stein (1973). I¢ = moment of inertia
determined with the equation for an ellipse. B and b
are outside and inside diameters perpendicular to the
direction of force, while D and d are diameters parallel
to the direction of applied force, The arrow inidcates
the direction of applied force, I° = moment of inertia
determined with the equation for an elliptical quad-
rant with the diameters determined as above.

Bending moment is simply an adjustment of
the force applied to the bone to account for
differences in the span over which the force
is applied. It is determined by the formula,

Bending moment (kilograms-centimeters) =

force x length
4

1

where length equals the distance between the

two fulcra points that support the bone.

Bending moment allows comparisons of force

to be made between bones of different lengths.
Stress is force per unit area. The area moment

of inertia accounts not only for differences in
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area, but also for differences in shape of the
bone cross section through which the force is
applied (table 2). Stress is calculated as follows:

Stress (kilograms/square centimeter) =

force X length x C
4 x moment of inertia’

where C equals the distance from the neutral
axis to the extreme fiber. For an ellipse, C
equals one-half the diameter that is parallel
to the force applied. For an elliptical quadrant,
C equals the diameter minus four times the
diameter divided by 3 m. Stress allows com-
parisons to be made between strengths of bones
that differ in length, size and shape.

Strain takes into account the amount of
bending or deformation that occurs in the bone
as it is being tested. The formula by which it is
determined is

Strain =
12 X deformation X C
length?

CRENSHAW ET AL.

Strain is unitless, as it is the change in length
per unit length.

Modulus of elasticity is the force per unit
area (stress) per unit of bending (strain), or
more simply the stress:strain ratio:

Mod. elas.=

Force X length®
48 x moment inertia X deformation

Modulus of elasticity is a measure of the ability
of a bone to return to its original shape and is
an indicator of the stiffness or rigidity of the
bone.

Each parameter was calculated at both the
inflection point or peak by substituting either
the inflection force or peak force and the de-
formation at either the peak or inflection point.

The vertebrae were tested by a method simi-
lar to a hardness test (Evans, 1973). A section
was cut from the right half of each vertebra so
that the bone fitted a v-shaped base when
tested. Tests were made midventrically on the
vertebra body. A small probe 1.8 mm in diam-

TABLE 2. GAIN AND FEED CONVERSION OF PIGS AS INFLUENCED BY AGE,
SEX AND CALCIUM-PHOSPORUS LEVELS2

% Ca,P
No. of 4, 4 8,8
Age Measure animals Gilts Barrows Boars Gilts Barrows Boars
Al 72
ADG, kg 25 28 31 .29 27 31
ADFI, kg .59 66 67 72 64 69
F/G 2.64 2.96 2.30 2.60 2.48 2.34
A3 54
ADG, kg 61 .60 64 63 63 65
ADFI, kg 1.41 1.38 146 1.45 1.49 1.46
F/G¢ 2.31 2.33 228 2.33 2.36 2.23
A5 36
ADG, kgbb 66 73 .78 69 .70 77
ADFI, kgbb 1.81 2.02 2.03 2.00 2.12 2.03
F/Geed 2.76 278 2.61 2.89 3.02 2.64
A7 18
ADG, kgbbcc 61 68 79 64 68 .80
ADFI, kgbbd 2.02 2.27 2.38 2.28 248 2.50
F/Gbce 3.33 3.36 3.01 3.58 3.65 3.13

3 Adjusted for differences in initial weight. Average initial weight, 9 kilograms.

bGilts different (P<.05) from barrows and boars.
bbGilts different (P<.01) from barrows and boars.
®Barrows different (P<.05) from boars.

“CBarrows different (P<.01) from boars.

dCa,P level effect (P<.01).
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eter was used to ensure total contact with
surface of the bone. Rate of deformation was
the same as that used for other bones (5 mm/
min), and the force required to puncture the
bone was measured. Thickness of the cortical
bone at the puncture site was measured and
used for calculating maximum shear stress in
the following equation:

Shear stress (kilograms/square centimeter) =

force
nd h

»

where md h is the area of a spherical segment
with d the diameter of the probe and h the
thickness of the cortical bone. Shear stress is
force per unit area. Percentage of ash was
determined as for the other bones on the
section of vertebra tested.

Statistical analyses were conducted by
split-plot analysis (Steel and Torrie, 1960);
animals fed the various Ca-P levels, sex and age
were the main plots and bones the subplot
units. Covariable analyses were used to test the
homogeneity of slopes between various para-
meters as affected by main plot units (Barr et
al., 1976).

Results and Discussion

Growth Performance. Growth and feed effi-
ciency responses of pigs are shown in table 2 by

CRENSHAW ET AL.

age, sex and Ca, P level. At A1, there were no
differences in growth rate or feed efficiency
due to sex. At A3, there were no differences in
growth rate due to sex, but boars were more
efficient (P<.05) than barrows or gilts. Boars
and barrows gained at a faster rate (P<.01) than
gilts at AS5; the boars were more efficient
(P<.01) in feed conversion than the barrows
and the gilts. At A7, boars gained faster and
more efficiently than barrows (P<.01), and
barrows gained faster (P<.01) and more effi-
ciently (P<.05) than gilts.

Ca, P level did not affect growth rate at any
age period. However, at A5 and A7, pigs fed
T1 were more efficient (P<.01) than those fed
T2. One pig assigned to AS and fed T1 was
slaughtered early because of 2 spontaneous
fracture of its right femur. Two other pigs
fed T1 and assigned to A5 broke bones during
shipment to slaughter. Bones were collected
from these three animals, but it was sometimes
necessary to use a bone from the left side rather
than the right side.

Bone Properties. The results of the mechani-
cal tests on all bones except the vertebrae,
along with their ash content and some geo-
metrical measurements, are shown in tables 3, 4
and 5. The data have been pooled to indicate
the main effects, although significant in-
teractions did occur as noted in the footnotes.
Subsequent discussion and figures will deal with
these interactions. Mechanical tests used to

TABLE 4. INFLUENCE CALCIUM-PHOSPHORUS LEVELS AND SEX ON
VARIOUS BONE CHARACTERISTICS?

4, 4% 8, 8%

Characteristic Gilts Barrows Boars Gilts Barrows Boars
Bending moment, k%/cmf 165 148 157 230 214 220

Ult. stress, kg/cm?b 428 366 340 545 501 454
Yield stress, kg/cm?bf 196 178 154 256 233 211
Strainbe 054 .058 057 054 051 .059
Mod. elast., kg/em? bf 6,401 5,648 5453 8,511 8,147 7,460

% ash 56.0 55.8 55.3 59.0 59.0 58.3
Mom. inertia, cm? bee 348 .394 463 .377 424 .503
Wall thickness, cm 240 241 244 265 267 287

3pooled across age and bone.

bSex effect (P<.01).

SSex X age interaction (P<.01),

dSex X Ca,P level interaction (P<.01).
€Sex X bone interaction (P<.01).
fCa,P level effect (P<.01).
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determine the strength of vertebrae were
different from those used for other bones; thus,
the results of these tests are presented separately
in table 6.

When pooled across bone and sex, the data
indicate that the feeding of higher levels of Ca,P
resulted in an increase in the mechanical
properties (bending moment, ultimate stress,
yield stress and modulus of elasticity), geomet-
rical measurements (moment of inertia and wall
thickness) and percentage of ash of bones (table
3). Other researchers have also reported an in-
crease in bone strength due to an increase in the
level of Ca and P fed (Miller ez al., 1962, 1964;
Libal et al., 1969; Cromwell et al., 1972; Tanks-
ley et al., 1976; Nimmo et al., 1980). Interac-
tions did occur which indicated that the response
of each bone to Ca,P level was not the same
across the age periods evaluated in this study.

With both levels of Ca,P, bending moment
and moment of inertia of bones increased
linearly across all age periods. When expressed
as force per unit area, ultimate stress was lower
at A3 than at Al for pigs fed either level of
Ca,P, although the decrease was not as great for
pigs fed T2 as it was for pigs fed T1. The
decrease in ultimate stress differed depending
upon which bone was considered; this will be
discussed in more detail later. At A5 and
A7, bones from pigs fed T1 showed an increase
in ultimate stress, while bones from pigs fed T2
had a similar ultimate stress at these ages.

For pigs fed T1, yield stress of bones in re-
sponse to ultimate stress was similar across all
age periods. Likewise, yield stress of bones
from pigs fed T2 did not differ due to age.

Like stress, the modulus of elasticity de-
creased at A3 then increased at A5 and A7 for
bones from pigs fed T1, while for bones from
pigs fed T2, the modulus of elasticity increased
linearly up to A5 and then leveled off between
A5 and A7,

Percentage of ash and wall thickness increased
linearly for bones from pigs fed T1 across all
age periods, but among pigs fed T2, percentage
of ash and wall thickness were similar at AS and
A7. Interactions did occur which indicate that
not all bones responded similarly at each age
period or Ca,P level.

There were no differences due to sex in the
amount of force (bending moment) that the
bones withstood (table 4). Bones from boars
had a larger moment of inertia than bones from
barrows or gilts, and when force was expressed
per unit of bone area, bones from boars had a

CRENSHAW ET AL.

lower ultimate and yield stress (P<.01) than
those for barrows, while bones from gilts
withstood the greatest stresses. The lower stress
indicates that the boars had bones that were
less mineralized than those of gilts or barrows
and that the boars compensated for this lower
strength by the increase in moment of inertia.
This hypothesis is supported by a trend toward
a lower percentage of ash in bones from boars
than in bones from gilts or barrows. Liptrap et
al. (1970) reported no difference in bending
moment between bones from gilts and boars,
but when stress was calculated, boars were
found to have weaker bones than gilts. In
contrast, Swanson (1971) indicated that human
males had stronger bones than females. Martin
and Atkinson (1977) attributed the stronger
bones of males to an increase in moment of
inertia; in females, the moment of inertia, as
well as strength, declined after 30 years of age.
Bones had a lower strength regardless of the
level of Ca,P fed, but all sexes responded in a
positive manner to increasing levels of Ca,P.

Shown in table 5 are the results of the me-
chanical testing of all bones (except the verte-
brae) for each Ca,P level. The results have been
pooled across sex and age. The Hum withstood
the greatest force (bending moment) regardless
of Ca,P level fed. The MC and MT bones had a

:
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Figure 3. Stress:strain curve for bones pooled across
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lower bending moment than the Hum and Fem,
but a higher bending moment than the Rib.

Ultimate and yield stresses allow comparisons
to be made between bones that differ greatly in
size and shape. This can be demonstrated by a
comparison of the Rib with the MC and MT
bones. The Rib had a much lower bending
moment than the MC and MT bones, but, when
expressed as force per unit area, the yield stress
of the Rib was greater than, and ultimate stress
equivalent to, that of metacarpal and metatarsal
bones. The modulus of elasticity of the Rib was
much greater than that of all other bones
because of the small amount of strain or
bending that occurred in the Rib. This indicates
that the Rib is a very brittle bone.

The Hum had a greater ultimate stress than
the Fem. The yield stress of the Fem was
greater than that of the Hum. These results
indicate that the Hum withstood less force than
the Fem before permanent damage (elastic
flow) occurred (figure 3), but that the Hum
withstood more force than the Fem after
permanent damage had occurred (plastic flow).
This relationship can be explained in part by
the shape of the Hum. The top wall area at the
point of loading in the Hum cross section (see
cross section of Hum, figure 2) is much thinner
than the sides and bottom. The Hum fajled first
at the top wall and began plastic flow (yield
point) while the sides and bottom were under-
going elastic flow. The sides and bottom of the
Hum withstood a greater force than the top.

From the data presented in table 5, it is evi-
dent that any relationship between percentage
of ash and any of the bone strength character-
istics depends upon which bone is used. For
example, while the Fem and Hum have a higher
ultimate stess than MC, MT or Rib bone, their
percentage of ash is smaller than that of the MC
or MT bone but greater than that of the Rib.
Tests for homogeneity of slopes between
percentage of ash and all bone strength para-
meters except bending moment were nonsigni-
ficant, indicating that there is little relationship
between percentage of ash and strength para-
meters. Currey (1969) reported an exponential
relationship between strength and percentage of
ash. The relationship between percentage of ash
and bending moment was dependent not only
on bone, as mentioned above, but also upon sex
(P<.05).

The results of the hardness test with the
vertebrae sections are shown in table 6. Maxi-
mum shear stress shows a different response

CRENSHAWET AL.

from that seen in the mechanical tests with the
other bones in that interactions occurred
between Ca,P level, age and sex. At Al, Ver
of gilts and boars did not respond to increased
levels of Ca,P. At A7, Ver from gilts showed a
greater response to levels of Ca,P than did those
from barrows or boars. In fact, Ver from boars
responded very little to level of Ca,P, and shear
stress actually decreased between A5 and A7
for Ver from boars fed T2. Shear stress of Ver
from barrows appeared to increase with the
higher levels of Ca and P at all age periods.
Percentage of ash in Ver from pigs fed T1
tended to increase across all age periods, while
among pigs fed T2, percentage of ash increased
at A1, A3 and AS but did not change between
A5 and A7. Thickness of the cortical bone
followed a response pattern similar to that
observed for percentage of ash; the response
was linear for bones from pigs fed T1 and
quadratic for those from pigs fed T2.

The effect of Ca,P level and age upon the
ultimate stress of each bone is shown in figure
4. In this three-dimensional histogram, many of
the interactions noted earlier can be observed.
In the Fem of pigs fed T1, ultimate stress
increased across all age periods, while the
ultimate stress of the Fem of pigs fed T2
increased between Al and A3, leveled off
between A3 and A5 and then decreased at A7.
The Hum of pigs fed T1 showed a response
similar to that of the Fem, increasing across all
age periods. The Hum of pigs fed T2 increased
up to A5 and then leveled off between A5 and
A7. The MC and MT bones showed no response
to Ca,P levels at Al. At A3, ultimate stress
values for MC and MT bones were less than
those for the same bones at A1. From A3 on,
the ultimate stress of the MC and MT bones

{//

H MC3 MCa MT3 MT4 R v

Bone
Figure 4. Effect of age and Ca,P levels on ultimate
stress of various bones, mm = pigs fed T1. s & = in-
crease beyond T1 for pigs fed T2.
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increased in a linear manner regardless of Ca,P
level fed. Of all the bones, only the 4MT
failed to show an increase in ultimate stress at
A7 in pigs fed T2 as compared to those fed T1.
The Rib of pigs fed T1 maintained a similar
ultimate stress at Al through A5 and then
increased dramatically between A5 and A7.
Among pigs fed T2, the Rib increased in
ultimate stress across all age periods. The shear
stress of Ver increased across all age periods
regardless of Ca,P level fed, and, in all cases, the
Ver of pigs fed T2 had a greater shear stress
than the Ver of those fed T1.

Thus, in assessing mineralization in bones of
pigs at different age periods, it should be noted
that the Fem, Hum and Rib were the only
bones to show a response to levels of Ca and P
at an early age (A1); hence, they would be the
bones to choose for testing in 2-month-old pigs.
At A3 or A5, all bones tended to respond to
levels of Ca,P, and the bones of the front or
hind feet, which are usually more accessible,
could be selected. At A7, only the Hum, 3MC,
4MC, 3MT and Ver responded to levels of Ca,P.
The results support the conclusion of Tanksley
(1979) that differencesin Ca and P requirements
may depend upon the bone one uses to assess
requirements, but do not support his conclusion
that the Fem is a better indicator of bone
development than are MC bones.
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