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Chépter I

INTECCUCTIION

As a result of economic conditions in receat years the
swine industry has bLeen forced to adopt more efficient
methods of operation. This reed has lead to the raising of
pigs in total confinement to minimize 1lakor exfense.
Additionally, selection fressure has Leen toward pigs with
rapid growth, efficient feed conversion, low kody fat and
high auscle content. With these advancements the probler of
structural unsoundness, or leg weakness, has intepnsified.
It is evident that the foot and leg structure of the pig has
not evolved to handle the stresses placed upon it by
complete confinement housing cp hard, abrasive surfaces such
as concrete. Environmental factors such as these nay
predispose animals to lameness frobleas. The kreeding berd
is especially susceptible since they are housed in this
manner for an extended period cf time. These environmental
factors may be potentially complicated by rapid grosth rate
forcing the skeletal system to support greater Ltody weight
at an earlier age. Thus the need for development of a
structural system carable of withstanding the stresses of
modern swine operations is evident. A Letter understanding

of nutritional influences on the development of the foot amd



8]

leg as a structural component 1s an essential step towards
this goal.

The objective of this study was to investigate the
effects of restricted growth rate and elevated wmineral and
vitanmin levels (above National Fesearch Council
reconnendations) on feet and leg characteristics, structural
soundness scores and metacarpal and metatarsal

characteristics in growing koars.



Chapter 1II
REVIEW OF LITERATURE

EFFECT OF DIETARY CALCIUM AND PHOSPHCRUS ON GECWIH

PERFCRMANCE

The current NRC (1973) Ca/F recommendation for young
pigs of 1 to 5 kg body weight is .90/.70%. This
recommendation is reduced to .80/.60% Ca/P at 5 to 10 kg
body weight. Growth studies support this estimate as a good
approximation of the true reguirement. Comks and Wallace
(1962) reported that when dietary Ca for weaned pigs was
increased by increments of .10% from .40 to .80% with P
maintained at .44% average daily gain and feed efficiency
were depressed. Rutledge et al. (1961) okserved no
consistant effect on rate of gain or feed wutilization of 3
vk 0ld pigs fed .6% dietary P and varying Ca levels (.4 to
1.0%) . In studies altering both the Ca and P levels in the
diet, Zimmermanm et al. (1960, 1963) reported that high Ca
levels (above .8%) reduced feed efficiency while P up to
approximately .6% of the diet improved feed utilization.
Dietary Ca and P levels for young weaned pigs atove those
recommended by NRC did not affect daily gain, feed/gain or
feed consumption (Schiefelbein et al., 1979). Likewise,
Mahan (1982) and Mahan et al. (1980) reported that the

performance of 7 to 20 kg pigs plateaued at .80/.60% Ca/P.



Altering dietary Ca and P levels for growing and
growing-finishing swine has been widely studied and provides
a wide variety of conflicting results. Dietary Ca/F levels
of .65/.55, .60/.50, .55/.45 and .50/.40% for body weights
of 10 to 20, 20 to 35, 35 to 60 and 60 to 100 kg,
respectively are presently recommended by NBC (1979). Libal
et al. (1969) reported that feeding growing—-finishing swine
elevated dietary P (.30 to .70% with Ca maintained at .35%)
improved daily gain in a linear manner. Similar results
have been reported by Croswell et al. (1970). Further
support is provided by Cromwell et al. (1974) who fed tasal
diets (.28% P) supplemented with .1, .15 or .2% P to growing
pigs from 14 to 45 kg tody weight followed by P
supplementation of 0, .05 or .1%. Calcium level of kasal
diet was .60X. Daily gains were reduced and feed/gain
increased as P decreased. In contrast, Earker €t al.
{1975a) and Hargon et al. (1974Db), using basal diets
containing .65 and .72% Ca, resrectively, regorted no effect
on growth performance with dietary P levels increased above
NRC recoamendations. Elevated dietary Ca and P levels for
growing-finishing suine have been shown &Ly several
investigators to have little effect on growth ferfcrmance
(Arthur et al., 1980; Doige et al., 1975; Scherer et al.,

1970) . Alternatively, Beinhard et al. (1976) reported that
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increased dietary Ca and P levels for growing swine akove
those recommended by NBC prcduced trends toward isprcved
growth rate and feed intake. Fammatre et al. (1977)
similarly observed increased feed intakes and gains during
the growing period (19 to 52 kg) of growing-finishing swine
fed .90% Ca, .70% P as compared with svine fed .65% Ca, .50%
P, but over the entire growing-finishing period, sineral had
no affect. Nimmo et al. (1981) reported that increased
dietary Ca and P (.975/.75 vs .75/.65%, CasP) 1level did not
affect average daily gain or feed/gain of growing gilts but
did produce increased daily feed intake. In contrast,
Calabotta et al. (1982) fournd an increase in average daily
gain, bat no significant change in average daily feed intake
or feed efficiency with elevated (150% NRC) Ca and F levels
fed to growing gilts. Feeding gilts 100 or 150% NRC Ca and
P levels from weaning to 100 kg produced no effect on
overall daily gain, daily feed intake or feed per unit gain
(Kornegay et al., 1982a).

Dietary Ca and P levels fcr growing boars are presently
the same as those recommended for growing-finishing swine
(NRC, 1979). Liptrap et al. (1970) fed dietary Ca levels of
-6, <9 or 1.2% with P npaintained at .5% and reported
depressed daily gaim in boars fed 1.2% dietary Ca. Feed

efficiency was slightly degressed by the high Ca levels in



the diet. Bayley et al. (1971, 1975k) reported that
elevation of dietary P from .4 to .6% in comkination with
.8% dietary Ca resulted in increased average daily gaim for
growving boars. Elevation of toth minerals im the diet of
growing boars above NEC recommendations has been shown to
have no effect on average daily feed intake, average daily
gain or feed:gain ratio (Hines et al., 1979; Nismmo €t al.,
1980a, k). In contrast, Kesel et al. (1982) cbserved that
daily gain was greater for boars fed 150% NBC Ca and FE as
compared with 100% NRC recommendations and that feed
efficiency favored &bLoars fed 150% Ca and P. In general
agreement, Kornegay et al. (1981a) reported a trend for
improved daily gain during the growing pericd for toars fed
125% NRC Ca and P recommendations while feed/gain was non-
significantly lower. Daily feed intake did not differ due
to dietary Ca and P level. Likewise, levels of 125% NEC Ca
and P 1levels improved daily gain for koars during the
finishing phase (Thomas and Kornegay, 1981).

Present evidence lends support to the NRC (1979) Ca/P
recommendations for weaned pigs and growing-finishing swine.
Growth performance is depressed when sub-NEC Ca/P levels are
fed and is pot enhanced at Ca/P 1levels aktove NRC
recommendations. The adequacy of NBC Ca/F recommendations

for growing boars is less certain as several recent studies



have reported improved growsth fperformance with feeding Ca/P
levels 25 or 50% above KRC 1levels (Kesel et al., 1982;

Kornegay et al., 1981a; Thomas and Kornegay, 1981).



EFFECT OF DIETARY CALCIUM AND EHOSPHORUS LEVEL ON BCNE

—

Although NRC (1979) Ca and F recommendations generally
appear to maintain an accegtatle level of growth
performance, its adequacy for producing optizmal skeletal
development remains in doukbt. Besearch results provide a
variety of conflicting results; several studies raise the
possibility that dietary Ca and P levels above those
currently recommended (NBRC, 1979) may result in increased
bone size, ash content apnd Ca and P content and in i&proved
mechanical properties. The hope arising from this study is
the possibility of a more desiratle structural sugpgort
system for the moderm, rapidly growing pige.

Dimensional Characteristics

Liptrap et al. (1970) reported that increasing dietary
Ca levels from .6 to 1.2% with dietary P maintained at .5%
caused a decrease in fresh femur weight in growing Lcars.
The wide Ca:P ratio in the 1.2% Ca level may have induced a
P deficiency which wvas detrimental to rate of gain and feed
utilization. Miller et al. ({1962) fed diets containing .5%
P supplemented with 0 to 1.6% dietary Ca to baby pigs and
found that fresh weight of tke humerus, femur and rit did
not significantly differ Letween treatments. In agreement,
Harmon et al. (1974b) observed that altering the dietary P

level (.45 and .65%) in the presence of a constant Ca level



(«72%) had no effect on fresh rib weight. Forsyth et al.
(1972) found no effect on fresh humerus weight o¢f growing-
finishing barrows when diets containing e€ither .5/.4 or
1.2/1.0% Ca/P were fed. In contrast, Schroeder et al.
(1974) reported that increasing Ca from .5 toc 1.2% of the
diet and P from .5 to 1.0% of the diet produced a linear
increase in dry femur weight cf growing boars. This result
is further supported by Chapman et al. (1962) who ckserved a
highly significant increase ip dry femur weights cf grcwing-
finishing swine as Ca increased for P levels ¢f .2 through
- 5%. The same trend occurred when P was iacreased for
levels of Ca of .2 and .6%. Increasing the dietary Ca (.53
to 1.26%) and P (.43 to .70%) levels has also produced a
significant linear increase in the radius weight of growing
pigs (van Kempen et al., 1976). Scapula weight of growing
pigs has siailarly Leen shown to be respomsive to increased
dietary Ca levels (.48 to 1.20% with a constant 1.2:1 Ca:P
ratio; Nielsen et al., 1971).

Cromwell et al. (1972) observed that increasing the
dietary Ca 1level in .15% increments from .50 to .95% for
pigs from 16.7 to 45.5 kg amnd from .35 to .80% thereatfter
tended to increase the weight of the third and fourth
metacarpal. Likewise, Nimaoc et al. (1981) reported that

gilts fed .975/.75% Ca/P had heavier fourth metatarsals than
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gilts fed .65/.50% Ca/P. The fourth metatarsal heavier than
the third metatarsal when compared across treatments.
Growing toars also displayed am increased dried metacarpal
weight when fed 125 and 150% of KNBC Ca and P 1levels
(Kornegay et al., 1981a). 1In ccntrast, Doige et al. (19795)
fed 50, 100 or 150% of BRC Ca and P to growing swine and
observed that the weight cf the third metacarpal was greater
for the 100% Ca level than for the 50% Ca level Lut not
different from the 150% Ca level. Dietary P level had
little effect. Kornegay and Thomas (1981) reported that
feeding gilts, boars and barrows Ca and F levels 25% higher
than NRC recommendations did not increase setacarpal dried
weight but feeding Ca and E levels 25% telow NBC
recommendations resulted in reduced metacarpal dried weight.
Feeding Ca and P levels in excess of NFC recoemendations has
been shown to have no significant effect on fresh metacarpal
or metatarsal weight in growing kboars (Nimmo et al., 1980b)
or in developing gilts (Arthur et al., 1982k). 1In contrast,
Kesel et al. (1982) reported a linear increase in fresh
metacarpal weight c¢f growing boars fed 150% NBC Ca and P
levels as compared with 100% NREC recoasendatioms.

van Kempen et al. (1976) reported no significant effect
on humerus 1length of growing pigs when dietary Ca levels

were increased from .53 to 1.26% and dietary P 1levels
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increased from .43 to .70%. Similar Ca and P levels fed to
growing-finishing barrows alsc did not affect humerus length
(Forsyth et al., 1972).  Ca and E levels 25 and 50%
(Kornegay et al., 1981a) cr 50 and 100% {Nimmo et al.,
1980b) above NRC recommendations did not affect zetacarpal
length in growing boars. A response was noted in gilts Ly
Nimmo et al. (1981) with .975% Ca and .75% B 1levels
producing longer third and fourth metatarsals as ccmpared
with dietary Ca and P levels «cf .65 and .5%, respectively.
In contrast, hLowever, Arthur et al. (1982kt) reported that Ca
and P levels of 150% NRC reccmmendations fed during growth
and development had no effect om the length of metacarfpal or
metatarsal bones in sowus.

Schroeder et al. (1974) reported that the outside
diameters of femurs from growing boars increased linearly as
dietary Ca 1level increased from .5 to 1.2% and dietary P
increased from .5% to 1.0%. This response was not evident
in humeri of growing-finishing barrows when Ca/F levels were
elevated from .5/.4 to 1.2/1.0% Ca/P (Forsyth et al., 1972).
No increase in the outside diaseter of third and fourth
metacarpals was observed by Cromwell et al. (1972) +vwhen Ca
vas increased from .50 to .95% of the diet 1in combination
with .50 or .65% P for growing pigs. Arthur et al. (1982b)

reported shaft diaseters of metacarpals and metatarsals of
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sows to be wunaffected by feeding Ca and P levels 50% akbove
NRC recommendations during grosth and development. Similar
results vwere obtained by Kesel et al. (1982) when growing
boars were fed Ca and F levels in excess of NEC
recomrmendations. Likewise, Nimpo et al. (1981) ckserved no
effect on the average inside or outside diameters of third
and fourth metatarsals from gilts fed elevated Ca/P levels
(.65/.50 vs .975/.75%, Ca/E).

Miller et al. (1962) reported that in baky pigs the
compact calcified layer thickness of thke femur increased
with increasing dietary Ca level (0 to 1.6%) while dietary P
vas maintained at .S%. Schrceder et al. (1974) ckserved a
significant 1linear increase in femur sidevall thickness
resulting from increasing dietary Ca/P levels from .5/.5 to
1.2/1.0% for growing boars. In contrast, fenur wall
thickness of gilts was not affected by elevating dietary P
levels from .40 to .60% when the Ca level in the diet was
maintained at .65% (Hsu et al., 1976). Bumeri cortical
thickness was similarly not influenced by increasing Ca and
P levels above NRC reconmendations for groswing-finishing
barrows (Forsyth et al., 1572). Doige et al. (1975) fed
growing barrows and gilts Ca and P levels of 50, 100 or 150%
of NRC (1968) recommendations. Rib cortical thickness was

maximized with the 100% NRC Ca and P 1level and not
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significantly reduced by low Ca and P levels provided the
Ca:P ratio was maintained near 1.30:1. Raising the level of
either mineral above those recosmended by the NRC failed to
produce a beneficial response. Alternatively, Acthur et al.
(1982b) observed increased ametacarpal and nmetatarsal
thickness in sous shich were fed 150% NBC Ca and P levels
during growth and developnment. Quadratic 1increases 1in
metacarpal thickness with increasing dietary Ca levels (.50
to .95%) have also been reported in growing pigs (Cromwell
et al., 1972). Kesel et al. (1982) reported an increased
metacarpal thickness when growing boars were fed Ca and P
levels 50% above NRC recommendations.
Ash Content

Increased mean values for humeral (Miller et al., 1962)
and femoral (Rutledge et al., 1961) percentage ash in the
baby pig have been demonstrated for dietary Ca levels above
NRC levels when P level was maintained constant (.5 or .6%).
In a later study by Miller et al. (1964), P level varied (.2
to .8%) with Ca level held copstant (.83%) in a syuthetic
milk diet for 1 wk old pigs. Humeral ash concentrations
were maximal in fpigs receiving .6% dietary P and were
significantly reduced in pigs receiving the lowest P level.
Combs et al. (1962) reported increasing F levels of .40, .44

and .48% of the diet and Ca:P ratios of .9:1, 1.2:1 and
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1.5:1 at each P level r[prcduced significant guadratic
increases in fibula ash of weaned pPigse. Likewise,
increasing Ca and P levels in the diet have produced
elevated ash content of metatarsal (Zimmerman et al., 1560,
1963) and rib and radius-ulna (Arthur et al., 1980) of young
pigs. Mahan et al. (1980) reported that increasing dietary
P levels from .50 to .90% at .1% increments with Ca added to
maintain a 1.3:1 Ca:P ratio resulted im a opon-linear
increase in femur and rib ash values for weanling pigs.
Percentage ash was @aximized at a dietary level of .90% Ca
and .70% P which the authors sfpeculated may estimate the
animal's Ca and P reguireament. Similar results were also
obtained using femur, rib, humerus and metacarpal tone
(Mahan, 1982).

Harmon et al. (1967) reported that rit and turbinate
ash of growing pigs 1increased curvilinearly with increasing
dietary P levels frosm .34 to .74% with Ca maintained at .85%
of the diet. Similarly, Cromwell et al. (1970) observed
that increasing P levels fros .34 to .56% of the diet with
Ca nmaintained at -65% 1increased the ash content of
metacarpals and turbinates in growing-finishing swine. A
subsequent study however, revealed that turbinate ash was
not significantly influenced by dietary F level (.45 vws

«65%) when Ca level remained at .72% of the diet (Harzon et
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al., 1974). Increasing the dietary P level in the presence
of a constant Ca level has been shown to increase percentage
ash of the humerus (Parker et al., 13973a) and of the
proximal phalange, metatarsal and humerus (Farker et al.,
1979) . Chapman et al. (1962) reported that femur ash of
growing-finishing pigs increased as the Ca level in the diet
was increased from .2 through .6% and as F was increased
from .2 through .7%, with a maximum femur ash content
observed at .6% Ca and .6% E in the diet. Mahan (1977)
observed similar results for bcth rib and femur ash content.
Percentage ash of the scapula (Nielson et al., 1971) and
humerus (Forsyth et al., 1972) of growing pigs have also
been shown to increase as Ca aand P levels were elevated
above NRC recommendations. Fond et al. (1975) reported that
the ash content ¢f radii-ulnae froa growing pigs fed
1.2/1.0% Ca/P tended to be higher than that of radii-ulnae
from pigs fed .S/.4% Ca/P. 1This result was coanfirwmed ky van
Kempen et al. (1976) wutilizing similar dietary Ca and P
levels. Peo et al. (1967) reported that increasing Ca and P
levels from .40 to .90% or using P levels of .35 or .65% in
combination with Ca levels of .65, 1.05 or 1.30% produced no
significant differences in [percentage ash of the fourth
metatarsal froa growing-finishing swvine. In contrast,

Cromwell et al. (1972) cbserved a significant guadratic
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increase in the ash content of the second and fifth
metacarpals resulting from apmp increase in the dietary Ca
levels by .15% increments from .50 to .95%, with dietary P
levels (.50 or .65%) having nc agpparent effect on the ash
content. Ash in the epiphysis of the bone was less than
that toward the diaphysis indicating that the e€efiphysis is
more sensitive to low dietary Ca than is the shaft of the
metacarpal, Similarly, Scherer et al. (1970) and stockland
and Blaylock (1973) reported that increased dietary P levels
{-65%) fed to growing-finishing swine did 1pot effect
metacarpal or turbinate ash while elevated Ca level (.90%)
resulted in quadratic increases in bone ash. In a study by
Fammatre et al. (1977) both Ca and P levels affected kone
ash when growing-finishing [pigs were fed two levels of
dietary Ca and P (.90/.70 or .65/.50%, respectively) ufg to
52 kg body weight and then continued to market w®weight on
either .50/.40 or .65/.50%, Ca/P. There was a significant
increase in bone ash <content of the sixth rit, femur,
metacarpal and proxisal phalanx at the higher mineral level.

Hsu et al. (1976) reported the average fpercentage ash
of the femur im gilts did not differ when P level was
increased (.4 to .6%) in the presence of a constant Ca level
(«65%) . Mahan and Fetter (1982) observed that dietary Ca

and P level (.65/.50, .80/.60 or .90/.70%, Casp) fed to
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reproducing sows for three parities failed to alter feaur,
rib, vertebra or humerus ash values. Coige et al. (197)5)
fed Ca and P levels of 50, 100 or 150% NRC levels in a 3 x 3
factorial arrangement to growing gilts and noted that low
levels of Ca or P did not result in reduced kone ash
provided the Ca:P ratio im the diet was pairtained near
1.30:1. Beduction in bone ash was observed only in those
diets Ca- or P-deficient due to an unbalamced Ca:P ratio.
Likewise, no increase 1in metacarpal or metatarsal ash has
been showa either in gilts fed 150% KBRC Ca and P
recomnendations during growth followed by 100% NRC levels
for three parities (Arthur et al., 1982b), or for gilts fed
elevated Ca and P levels from tLtreeding through five
subsequent gestation-lacation <cycles {Kornegay et al.,
1973) . This 1lack of dietary mineral effect on &Lone ash
later in the life pay indicate compensatory kone
mineralization with increasing age.

The ash conteat of the femur and radius frca growing
boars has been shown to increase as dietary P level vas
elevated from .35 to .51% in the presence of a constant
(.90%) Ca level (Bayley et al., 1975a,b). Schroeder et al.
(1974) found that femur and third metacarpal Lkone ash values
were not altered by an increase in the dietary Ca level (.6,

«9 or 1.2%) with P maintained at .5%. Kormegay et al.
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(1981a) and Korneqay and Thomas (1981) okserved that koars
fed diets containing Ca and F 1levels 1in excess of NEC
recoumendations produced metacarpal and wmaandible tome ash
values which increased inconsistantly with the magnitude of
the increases being small. NMizmo et al. (1980b) regcrted
that percentage ash of femurs and metatarsals of growing
boars 1increased 1linearly as dietary Ca apnd F 1levels
increased from 100 to 200% NBEC recommendations. Similar
results have also teen reported Ly Cromwell et al. (1579).
Elevated metacarpal ash resulting from increased Ca and P
levels (150% NRC recommendations) was observed ky Kesel et
al. (1982) to occur only in early growth and tc anot ke
evident as the boars approached maturity.
Bone Calcium and Phosphorus Coctent

su et al. (1976) observed no effect on dry, fat free
femur Ca and P levels as a result of increased dietary P
(-40 to .60%) with a constant 1level of Ca (.72%).
Conversely, van Kempen et al. (1976) reported increased Ca
and P levels of the fat free radius as the dietary =mimeral
level was increased from .53/.43 to 1.26/.70% Ca/F. Cromwell
et al. (1970) reported that ipncreased dietary Ca and P
levels tended to produce increased percentage Ca and F in
dry, fat free turkinates and =etacarpals only during the

growing phase with no such effects evident during the
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finishing phase. A sipilar lack of effect cm dry, fat free
metacarpal and mandible Ca and P content resulting from
elevated dietary Ca and P has been reported in growing-
finishing swine (Kornegay and Thomas, 1981). In agreement,
Arthur et al. (19€2b) observed that Ca and P levels S50%
above NRC recospendations fed during the grosth phase of
gilts had no significant effect on the percentage Ca and P
in dried, fat free metacarpals and metatarsals following
three parities. Liptragp et al. (1970) reported that
increasing dietary Ca levels (.6 to 1.2%) with a constaat P
level (.5%) for growing boars produced slight increases in
the Ca content of the phalanx and no effect on the Ca and P
content of the fourth metacarpal onm a dry, fat free basis.
Baby pigs fed dietary Ca levels of .4, .6, .8 or 1.0%
with P maintained at .6% fror 3 to 9 wk of age disglayed
increased femur ash Ca content as the 1level of Ca in the
diet increased (Rutledge et al., 1961). 1In contrast, Miller
et al. (1962) reported that both the Ca and P content of
humerus ash were increased in baby pigs with successive
increnents of dietary Ca fros 0 to 1.2% of the diet with P
maintained at .5%. Miller et al. (1964) observed that baby
pigs fed a diet containing .€% Ca and varying levels ocf P
{«2 to .8%) had redoced humeral ash Ca and F content on the

lovest P level. Humeral ash was maximized at a dietary P
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level of .6%.

Nielsen et al. (1971) reported that Ca levels ranging
from .48 to 1.2% of the diet with a Ca:P ratio maintained at
1.2:1 in growing pigs produced a percentage Ca apd F 1n
scapula ash that was fairly constant. Likewise, the
percentage Ca and P in the ash of the humerus shaft froa
growing-finishing pigs was not influenced by elevated
dietary Ca and P, however, the percentage Ca in the growth
plate did increase with increased Ca and F 1level fed
(Forsyth et al., 1972). Pond et al. (1975, 1978) reported
that feedingy growing-finishing pigs Ca and P levels above
those recommended by the NEC had po effect on the Ca content
of radius—ulna ash. Rib and turbinate Ca and P content in
growing pigs has Leen reported to increase curvilinearly
with increased dietary P (.34 to .74%) with Ca maintained at
«85% (Harmon et al., 1967). A later study by Harmon et al.
(1974Db) reported no such effect on turkinate Ca and P
content. Stockland and Blaylock (1973) similarly otserved
no effect on Ca and P content of metacarpal and turkinate
ash as a result of elevated dietary Ca and P levels in
growing-finishing swine.

Harmon et al. (1975) reported that sows fed diets
containing .7% Ca and either .33 or .68% P during gestation

followed by P 1levels of .45, .55 or .65X% during lactation
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had non-significant increases in the Ca and P content cf the
turtinate and tenth rib ash. Kornegay et al. (1973)
observed that feeding sows diets containing 10.3 and 11.0 or
15.5 and 15.0 g daily of Ca and total P, respectively, for
five gestation-lactation <cycles had no effect on sow
metacarpal ash Ca and P levels.

Calcium and F content of the ulna of growiug Loars
increased as dietary Ca increased from .55 to .93% with a
constant Ca:P ratio of 1.2:1 (Hines et al., 1979). Further
increases of dietary Ca tc 1.1 or 1.3% produced no
additional significant effect. Kesel et al. (1982) reported
that growing boars fed 100 or 150% NRC Ca and P
recommendations had elevated Ca content of metacarpal ash on
the high Ca and F diet 1in early growuth with treatment
effects no longer apparent as the animals matured. Bone P
was not different between boars fed 100 or 150% NRC Ca and P
diets.

Mechanical Characteristics

Scherer et al. (1970) fed growing-finishing swine Ca
levels of .50, .65, .80 or .9%% in combination with P levels
of .50 or .65% to a mean body weight of 45.5 kg after which
Ca levels of .35, .50, .65 cr .80% in comkination with .40
or .50% dietary P were fed. Phosphorus 1level did aot

significantly affect metacarpral breaking strength while



breaking strength increased 1linearly as dietary Ca level
increased. Cromwell et al. (1972) reported incxeésed
breaking strength of the third and fourth metacarpals of
growing pigs as dietary Ca level 1increased (.50 tc .95%)
with no influence on breaking strength due to increased P
levels. Although observing a similar effect of increased
breaking strength of metatarsals with elevated dietary Ca
level, Libal et al. (1969) also reported an effect due to
dietary P level. Metatarsal breaking strength was
significantly increased by 1increasing dietary P in .10%
increments from .30 to .70%. Phosphorus had a greater
influence on breaking strength than did Ca within adegquate
levels of Ca. This result is supported by Cromwell et al.
(1974) who observed that reducing the P level tc grcwiang-
finishing swine reduced the force required to kreak the
third and fourth metatarsal. Likewise, several other
researchers have demonstrated increased metacarpal and
metatarsal breaking stremngth imn growing finishing ©[igs in
response to elevated dietary levels of both Ca and P (Arthur
et al., 1980; Crenshaw et al., 1979; Parker et al., 1975bL;
Peo et al., 1967).

Liptrap et al. (1970) reported that increasing dietary
Ca from .6 to 1.2% with P maintained at .5% caused reduced

breaking strength of the metacarpal in growing Loars. In



contrast, elevation of dietary levels of tcth minerals has
been shown to increase ametacarpal and metatarsal kreaking
strength in growing boars (Croawell et al., 1979; Irlam et
al., 1974). However, feeding tkoars Ca and P levels atbove
those recommended by NBC had no consistent influence on
metacarpal breaking strength while Lreaking strength was
reduced when 75% of NEC-reccommended P was fed (Kormegay and
Thomas, 1981). Nimmo et al. (1980a) reported that feak
force and stress required tc break metatarsals, and
therefore the elasticity of the bone, were higher for Lkones
from growing boars on high Ca and P treataments (1.3/1.0%
Ca/P) than for low Ca and P treatments (.65/.50% Ca/P).
Similar results were also reported by Nimmo et al. (1980b).
In addition tc an increased breaking strength, Schroeder et
ale (1974) reported no effect on metacarpal flexiktility in
boars fed varying dietary F level (.50, .75 or 1.00%) or
Ca:P ratio (1.1 or 1.2:1). In contrast, Kornegay €t al.
(1981a) observed increased stiffness and flexural modulus
values in conjunction with increased treaking strength and
unaltered Young?'s modulus of elasticity values of
metacarpals from grcwing koars fed 125 and 150% NBC Ca and P
recommendations. Increased metacarpal Ltreaking strength,
stiffness, Young's modulus o¢f elasticity and flexural

modulus for boars fed 150% NBRC Ca and P 1levels as ccmpared
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with 100% NBC recommendations have keen reported ky Kesel et
al. (1982).

Growing gilts fed diets contaianing .975/.75% Ca/E to an
average weight of 92.8 kg displayed increased metatarsal
breaking strength, compared to gilts fed .65/.50 <Ca/P
similar to reports previously presented (Nismo et al.,
1981) . Arthur et al. (1982b) reported no effect on
metacarpal or metatarsal breaking strength, stiffness,
Young's modulus of elasticity or flexural modulus ty the
previous feeding of sows either 100 or 150% NRC Ca and P
recoamendations during growth.

Rutledge et al. (1561) reported that feeding 3 week old
pigs dietary levels of .4, .6, -8 or 1.0% Ca with P
maintained at .6% resulted in highly significant increases
in the breaking strengths of femurs as the level of dietary
Ca increased. Sisilar results in the baby pig have also
been reported by Miller et al. (1S562). Bayley et al.
(1975a) observed increased femur treaking strength of
growing boars as dietary P level increased (.35 to .51%X) in
the presence of a constant (.9%) Ca 1level. A second
experiment showed increased femur breaking strength when a
diet containing .8X% Ca was fed in combination with .62% P
compared with one containing .45% dietary P. Further

increases to .75% or .85% F in the diet produced no



additional response. This result has also been demonstrated
in growing boars by Bayley et al. (1971), 1in baty figs ky
Miller et al. (1964) and in gilts by Hsu et al. (1976).
Chapman et al. (1962) reported that femur kreaking streagth
for growing-finishing pigs increased as Ca level was
increased from .2 to .8% of the diet and as F level
increased from .2 tc .7% with peak force maximized at .8% Ca
and .6% P. Increased femur breaking strength in response to
elevation of both minerals has also been reported Lty several
other investigators (Bayley et al., 1975b; Crenshaw et al.,
1979; Nimmo et al., 1980a, b; Schroeder et al., 1974).
Increased bone breaking strength as a result of
elevated dietary mineral level has also been observed in the
humerus (Creanshaw €t al., 1979; Farker et al., 1974; Parker
et al., 1975 a, b), wulna {(Hines et al., 1979), radius
(Bayley et al., 1975b), rib (Harmon et al., 1974a) and

proximal phalange (Parker et al., 1974).



EFFECT OF RESTRICTE

ENERGY INTARKE ON GFOWIH PEEFCBEANCE

Crampton et al. (1954) fed pigs a 16% protein diet ad
libitum during the growing period (16 to 50 kg body weight).
During the finishing period (50 to 91 kg body weight) a 13%
protein diet was fed either ad libitum or at apgroximately
75% of ad libitum intake. Average daily gain was lower for
the limit-fed pigs, however no difference imn feed efficiency
was evident. In contrast, Kesel et al. (1982) reported that
average daily gain was reduced and feed efficiency improved
in growing boars fed 75% of ad lititum energy intake.
Comparable results have alsc been reported im growing gilts
fed this same level of energy restriction (Calakotta et al.,
1982) . Similar effects on feed efficiency as a result of
limiting intake have been reported in growing pigs by Frape

et al. (1959) and Nielsen (1S564).
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EFFECT OF RESTRBRICTED ENERGY INTAKE CN BONE

Grondalen (1974a) reported that sows fed restricted
intake (80 to 90% of ad libitum intake) had longer femora
and tibiae at 100 kg live weight as compared with sows fed
ad libitum. The length of the vertebral colusn was not
influenced by feeding level. Beiland (1978c) similarly
observed that [pigs on S0 to 60% feed restriction had liab
bones which were longer and more slender than those on a
higher plane of feeding. In contrast, Furugouri et al.
(1981) found that restricting feed intake produced pigs with
lighter, shorter and narrover lisb bones than those on ad
libitum intake. In a study by Arthur et al. (1982b) where
gilts were fed ad libitum or 75% of ad libitum intake during
growth followed by a simpilar level during gestation-
lactation for three parities, metacarpals and metatarsals
were heavier and had greater =shaft diameters for previcusly
ad-libitum fed gilts. Kesel et al. (1982) likewise
indicated that asetacarpal weight, 1length and shaft diameter
were larger for boars fed ad 1likitum as compared with those
fed 75% of ad libitum intake when examined at an egqgual age.
However, exapination of these vparameters at egual Lody
weight showed no energy level differences. Bone wall
thickness was greater for bcars on restricted feed intake

whether examined on an equal age or body weight basis.



Arthur et al. (1982b) reported that metacarpal breaking
streugth was greater for sows fed ad 1libitum during growth
as compared with those fed 75% of ad libitum intake while
the stiffness, Young's modulus of elasticity and flexural
modulus values of metacarpals and mretatarsals were not
affected by dietary energy 1level. Kesel et al. (1982)
observed greater values for metacarpal treaking strength,
stiffness and flexural sodulus for bLcars on ad 1likitum
intake as compared with those on 75% of ad 1libitum intake
when examined at an equal age Lkut not when exaained at an
equal body weight. Energy 1level influences vere therefore

simply reflections of treatment differemces in Lkody size.
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EFFECT OF AGE ON BONF MINERAL CONTENI

The effect of age on bone mineral conteant has not Leen
widely examined. In particular, a paucity of data exists
concerning aging and bone trace mineral levels. A limited
number of studies have been carried out on percentage ash,
Ca and P changes over tinme, however, results are
inconclusive at this tiame.

Early work by Hammett (1925) reported that percentage
ash of the humerus and fesur of male and female alkino rats
increased as age increased fros 23 to 150 d. Furugouri et
al. (1981) cbserved that the ash content of the =mid
diaphysis of feaurs fron Landrace and Yorkshire ©pigs
increased until 150 d of age and then tended to plateau,
vhile the ash content of the head of the femur increased to
dbout 210 4. Similar increases in bone ash have been shown
in metacarpals of growing boars (Kesel et al., 1982).

Cervical, thoracic, 1lumbar and sacral vertektrae, ©lus
rib and femur bomes from <cattle 89 to 2783 d of age
indicated increased Ca and P as a percentage of ash as age
increased (Mello et al., 1978). Arthur et al. (1982b)
observed similar results 1in sows carried through three
parities. Hansard et al. (1954), using 36 Hereford cattle
ranging in age from 10 d to 5700 d, reported that the Ca

content of the metatarsal, rikt and mandiktle ash reached a
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maximum at approximately 54C d and plateaued thereafter.
The vertebrae continued to increase over time. Brown et al.
(1972) examined Ca and P levels of the turktinates, fenur,
ulna, radius, humerus, fitula and tibia in growing pigs at
56, 84, 112, and 168 d of age and provided differing
results. Mineralization patterns were unique for each tone,
but 1in general, Ca and F concentrations exgressed as a
percent of bone peaked during the 56 to 84 d period followed
by decreased 1levels. In further contrast, Kesel et al.
(1982) reported that Ca, expressed as a percentage of
metacarpal ash, 1increased frcm 80 to 150 d of age fcllowed
by a decrease from 150 to 220 d of age, while P exhibited a

linear decrease throughout the studye.



ROLE OF TRACE MINERALS AND VITAMINS IN BONE DEVELOPMFRIT

et e et o c— - ——— < ——— ——e

Copper

Copper effects bone develogpment primarily through its
association in the Cu enzyme amine or 1ysyl oxidase
(Underwood, 1977). This enzysme plays an imfportant rcle in
the oxidation of epsilon-amino groups of lysine side chains
necessary for cross-linkage o¢f the polyreptide chains of
elastin and collagen (Pike and Erown, 1975). A deficiency
of Cu therefore results in veak, unstakle bone collagen.
Underwood (1977) reported thinned cortices, ktrcadened
epiphyseal cartilage amnd a lcw 1level c¢f osteoklastic
activity in bones from Cu-deficient pigs.

Zinc

Zinc deficiency in youmng chicks has keen shown to
produce retarded growth, shcrtening and thickening of leg
bones and enlargement of the hock joints (Scott et al.,
1976) . Underwood (1977) reported that Zn-deficient chicks
and rats developr abnormal epiphyseal plates in growving
bones. Chondrocytes near the Lklocd supply were surrcurded by
more extracellular matrix. 2inc 1s a ccmpoment in several
metaloenzymes but its functional role in Lone develogment
remains unclear (Eike and Brown, 1975).

Manganese

Bone malformations, most evident as crcoked legs, have
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resulted from feeding rakbits diets lcw in Mn (Kaynard and
Loosli, 1979). Such effects have also been seen in rats,
chicks and swine (Pike and Erown, 19795) . Scctt et al.
(1976) reported perosis to Le the most dramatic effect of a
Mn deficiency in young chicks. This syndrosme is
characterized by enlargement and szalfcrmatiorn cf the
tibometatarsal joint, twisting and bending of the distal end
of the tibia and the proximal end of the tarsometatarsus,
thickening and shortening of the leg bones and slippage of
the Achilles tendon from its condyles.

The role of Mo in bcne deformation is as am essential
component for normal organic 'matrix development (Scott et
al., 1976). GUnderwcod (1977) reported tktat this fact is due
to the ability of Mn to activate the glycosyltransferases.
These enzymes are important in polysaccharide and
glyoprotein synthesis.

TIrace Mineral Interactions

Interactions which involve trace ninerals can effect
the ability of thcse minerals tc properly pertorm their
functions in bone developrent.

Hoekstra et al. (1956) reported that addition of Ca to
swine diets in the form of 2% bone meal intensified the
development of perakeratosis. This condition was largely

eliminated by supplementation of 50 pgm 2Zn. Similar
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observations were ﬁade by Hcefer et al. (1960). This
interference in 2Zn function Ly Ca was reported Ly Forbes
(1960) to most [probably cccur at the <cellular level.
Otilizing €SZn, Newland et al. (1958) hypothesized that high
Ca 1levels in the diet say [promote a higher rate of 2n
metabolism in pigs.

Undervood (1977) reported a mutual antagonism to be
present between Cu and Zn. High Zn intakes depress Cu
absorption while Cu absorption is dJreatly increased in Z2Zn
deficiency. This result is sugported by Ritchie et al.
(1963) who observed that supplemental Zn cffered
considerable protection agaimst Cu toxicity 1in pigs fed a
high Cu diet.

A similar antagonism in absorpticn is present Lketween
Cu and Fe (Underwood, 1977) . This result has teen
demonstrated by Hedges and Kormegay (1973) din work feeding
growth promoting levels of Cu to swine. Feduced hemoglobin
and serumn Fe levels resulted from high dietary Cu (257 ppam)
and was corrected by supplemental Fe (312 ffn)e.

Vitamin A

One of the many functions of vitamin A is to ensure
proper growth of the cartilage matrix upon which Lkone is
deposited (Scott et al., 1676) . This is accomplished

through a control over the activity of the ostecclasts aand
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osteoblasts of the epithelial cartilage (Maypard and loosli,
1975) . Vaughan (197%) reported that increased numkers of
osteoclasts are associated with areas of resorgtion. This
increase 1is accomplished by vitamin A stimulating the
activity of existing osteoclasts and subsequent stisulation
of differentiation of ¢[progenitor cells to increase the
nunber of osteoclasts (Vaughan, 1975). Excess vitaasin A
results in cartilage matrix degredation due to release of
cathepsin from lysosomes (Scott et al., 1976). Vitamin A
deficiency results 1in cesation of Lone formaticn and
abnormalities in shape due to abnormal grosth, maturation
and degeneration patterns of the cartilage cells (Pike and
Brown, 1975).
Vitamin D

Early workers (Dowdle et al., 1¢60; Harrison and
Harrison, 1960; Schachter and Rosen, 1959) found that ¢5Ca
could be transported across isolated rat intestinal wall
against a concentration gradient. This vas later shown to
be due to the ability of vitamirn D to stisulate production
of Ca binding protein which facilitates Ca transport across
the intestinal mucosa (Corradinc and Wassermam, 1970; Mac
Gregor et al., 1970; 1Taylor and Wasserman, 1370; Kkasserman
and Taylor, 1968). 1In addition to its role in intestinal Ca

absorption, vitamin D, along with parathyroid horsmcaoe,
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functions in the release cf Ca*++ and HPC—4 from the Lkone to
the plasma (Scott et al., 1976).
B Vitamins

The B vitamins do not function directly in Loae
development but do have an indirect effect on skeletal
growth. Thiamin, riboflavin, pyridoxine and cyanocokalanin
all function in nutrient utilization and energy metakolism
pathvays which are essential for normal growth processes.

One of the principal functions of thiawmin is as the
coenzyme thiamin gyrophosphate cr cocarbcxylase (Maynard and
Loosli, 1975) . It is the <coenzyme for all enzymatic
decarboxylations of alpha-keto acids to carboxylic acids
such as pyruvic acid to acetyl CoA and alpha-ketoglutarate
to succinyl CoA. Thiamin is also invclved in a

transketolase reaction of the pentose phosphate shunt in

which an alpha-keto groug is transferred from
xyulose-5-phosphate to ribose-5-phosphate to forn
sedohepulose-7-thosthate and glyceraldehyde-3-phosghate

(Pike and Brown, 1975).

Several enzymes have riktoflavin as the prosthetic
group. These 1include <cytocchrcme reductase, lipoamide
dehydrogenase, xanthine oxidase, l-amino acid oxidase and
histaminase which are all ipvclved in oxidation-reduction

reactions 1in cellular respiration (Scott et al., 1976) .
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These serve as carriers in the electron transport systeam for
the eventual production of the high energy ccipound
adenosine triphosghate.

The function of pyridoxine is primarily as the coenzyme
pyridoxal phosphate. Pridoxal phosphate functions in nearly
all amino acid metabclism reactions including
transamination, desulfhydration, decarkoxylation, amine
oxidation and deamination (Fike and Brown, 1975). The
importance of pyridoxine for prcper metabclic utilization of
amino acids is therefore quite evident.

Propionyl CoA is an isportant interszediate in amino
acid metabolism and is also produced during the oxidation of
odd-numbered fatty acid chains (McGilvery and Goldstein,
1979) . Propionyl CoA is comverted to methylmalonyl CcoA via
propionyl CoA carboxylase. Cyanocobalamin is am essential
component of the coenzyme methylsalonyl CoA carkonylsutase
which is responsible for the conversion of methylmalonyl CoA

to succinyl CoA (Sceott et al., 1976).
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EFFEC1 OF NUTRITIO

e w——————— .

2

QN FOOT LDEVFLOEMENT

Calabotta et al. (1982) reportea that feeding of ad
libitum or 75% of ad libitum intakes did not affect toe size
of gilts during growth when they were examined at similar
body weights. Toe size was also not influenced Ly feeding
150% NRC Ca and F recommendations. Following three
parities, Arthur et al. (1982a) reported that the scws which
were fed ad libitum during growth had larger front toe than
those limit-fed, wvhile those freviously fed 150% NRC Ca and
P levels had larger hind toes as compared with the 100X NRC
Ca and P levels. The combination of ad libtitum intake and
150% NBC Ca and P recommendations produced the largest tces.

Kornegay et al. (1982b) reported that boars fed ad
libitum had larger toes as compared with boars fed 75% of ad
libitum intake, however, when examined at an egual body
weight, differences were no 1longer apparent. Elevated
dietary Ca and P levels (150% NERC) had no effect on foot
size. likewise, FKornegay et al. (1981a) otserved no
influence on toe size of developing boars Lty feeding varying
Ca and P levels (100, 125 or 150% NRC levels) in ccnmkbination

with two dietary protein sequences (16-14% or 18-16%).



38

USE OF BENDING I

—— —————— ————

]

SIS ON BORNES

In order to perform its role as a load-ktearing
structural member, bone aust possess adequate strength and
stiffness. Characterization of the mechanical properties of
the bone has therefore become a useful tocl for evaluating
its structural capabilities.

Flexure or bendimg tests utilizing a simple three-point
loading system have been widely used to examine the
mechanical characteristics of Ltone =specimens (Wilscn and
Baker, 1981). Three-point loading involves placing the kone
on two supports and applying a load from above midway
betveen the two supports. 1The main advantage of this systen
is the simple methodology allcwing for many samples to be
analyzed in a short period of time. However, several
inherent problems do exist which <can lead to erroneous
results. Wilson and Baker (1981) have reported that often
the cross-sectional area is assumed to ke constant over the
length of the bone and no variations in elastic profperties
are considered. This assumption for a kiclogical material
will obviously lead to error. As pointed out by Evans
(1973), during bending, all the material Letweem the convex
surface of the bone and the neutral axis is under tensile
stress while the material Letween the concave surface and

the neutral axis is under compressive stress. The central
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axis is under neither comgression nor tension but is suktject
to shear stress (Evans, 1573). Wilson and Baker (1881)
reported that ignoring the shear factor, particularly when
the length to diameter ratioc of the sample is less than 10,
can cause significant discrepancies in the cbkserved results
of mechanical tests.

Terms and Definitions

Since the shape of the cross-section of the sasple in a
bending test will influence its respomse to a force, this
property needs to be considered. The moment of inertia is a
calculated estimate of the area over which the force is
applied and also the shage over which that area is
distributed (Crenshaw et al., 1981a). Crenshaw €t al.
(1981Lk) reported that the equation for the moment of inertia
of amn elipse closely fits the shape of the femur and
humerus, while that of an elliptical quadrant more closely
fits the metacarpal and metatarsal.

Stress is a measure of the force applied per unit area
(Swanson, 1971). The moment of inertia and the test length
of the bone (that distance Letween the supporting fulcra)
are used to estimate the surface over which the fcrce is
applied (Crenshaw et al., 1981a). Strain is the change in
bone 1leagth resulting frcm the applicaticn of a force

relative to the original bone length (Evans, 1973). Strain
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is therefore a unitless measure.

The elasticity of the tome, or its akility tc return to
its original shape after being deformed by a force (Crenshaw
et al., 1981a), can be estimated Ly the smodulus of
elasticity. The @modulus of elasticity is the stress to
strain ratio (Cremshaw et al., 1981b) and thus measures the
force per unit area required to produce a given deformation
per unit bone length. The wsodulus of elasticity nmust Le
determined within the elastic region within shich removal of
stress 1s accompanied by disappearance of straim (Swanson,
1971) . Beyond the elastic region is the plastic region
vhere removal of stress is accompanied by disappearance of
only a portion of the strain, therefore permanant damage has
resulted (Swanson, 1971).

Stiffness is defined as the capability to resist
bending (Evans, 1973) and can be estimated by the force per
unit of deflection in the sarple. Flexural modulus is a
measure similar to stiffness except bLone test length is
taken into account. This allows comparison ketween sanmfples
of different test length and structural material.

Effect of Sample Handling and Ereparation

Freezing 1s a common method of sasple storage. Swanson

{1971) reported that frozen storage for up to 4 wk at -20 C

had no effect on the mechanical properties of tLone. The
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temperature at testing does, however, influence the test
results. As the temperature increases the total deflection
to the failure point increases (Swanson, 1971).

Drying of the bone gprior to testing can influence the
elasticity, deflection and strength parameters of the sample
{(Crenshav et al., 1981a). Miller et al. (1965) repcrted
that wet femurs from young pigs displayed a greater capacity
for bending than those which were dried. This result is
further supported by Yamada (1973) who reported that the
ultimate deflection of air-dried bome is 80% of that for wet
bones while the _ultimate strength of dried tome is 1.35
times that of wet bone. In contrast, Kormegay €t al.
(1981a) observed greater kreaking load in wet metacargpal as
compared to dry metacarpal. In agreement, however, dried
metacarpals were found to exhibit greater stiffness, Young's
modulus of elasticity and flexural modulus values. Eemoval
of water by drying may decrease the capatility of water to
act as a lubricant in the Lone matrix during deformation

(Swanson, 1973).
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STRUCTURAL UNSOUNDNESS

Structural unsoundness or 1leg weakness 1is a current
problem facing the swine industry. It is a condition that
is difficult to study owing to its complex etiology. Cne of
the leading causes of unsoundness is currently thought to be
osteochondrosis (Gromndalen, 1874d; Nakanc et al., 1979;
BReiland, 1978a). Osteochondrosis has been defined as a noa-
infectious degenerative conditicn of cartilage and Lone
arising from a disturbance of endochondral ossification
(Grondalen, 19744) . Several nutritional, genetic,
environmental and infectious factors have been implicated as
ipportant etiological compoments of structural umnsoundness,
a discussion of which is fpresented.

Nutritional Factors

Vaughan (1971) reported that the relatively coammon
occurance of leg weakness ip swvine maintained at a high
level of nutrition suggests that early maturity and rapid
growth are importanmt eticlegical factors. T1he author
hypothesized that the inakility of bone grosth to keep pace
with body weight thereby places increased stress on the
legs. Walker et al. {196€6) wused the addition of lead
saddles or the strapping of one foreleg to the akdcmen to
study the effect of increased weight load on joint lesicns.

The severity of lesicns of the distal wulnar epiphysis were
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increased suggesting that rhysical stress caused by
increased weight may be an important etiological factor.
With a restricted dietary intake (50 tc 60X of ad likitunm
intake) and reduced growth rate, osteochondrosis was very
mild or not evident while rapid growth (ad likitus intake)
was associated with increased fregquency, severity and
clinical signs cf osteochondrcsis (Reiland, 1978c). Similar
results have been presented by Grondalen (1974fk) using 20 to
30% feed restriction, and Lty Walker and Jones (1962) feeding
80 and 60% of ad libitua intake. In contrast, Fell et al.
(1970) and Grondalen (1S74a) reported no effect of
restricted feed intake on the fgrevalence of Lkone and joint
lesions. Nakano et al. (1979) reported that the feeding of
growing-finishing swine ad 1libtitum or 70% of ad 1likitunm
intake did not sigpificantly affect visual appraisal of
locomatory ability although e€very pig showed some e€evidence
of disturbed endochondral ossification or cartilage lesion
in at least one joint. Similarly, ad likitums and 75% of ad
libitum intake had no effect on overall structural soundness
of gilts during growth (Calatotta et al., 1982) «c¢r on
structural soundness, incidence and severity of foot lesioans
following three parities (Arthur et al., 1982a). Kcronegay
et al. (1982b), however, reported that ad libkitum-fed koars

appeared more structurally sound with fewer loccmatory
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anomalies than boars fed 75% of ad libitum intake although
pad and horn lesions were not affected.

Dietary levels of Ca and F have been implicated as a
potential factor in 1leg weakness. Storts and Kcestner
(1965) reported that 1 d old pigs fed a diet deficieant in Ca
and P (.26 and .14% of the diet, respectively) for 6 wk
developed skeletal lesions, pultiple tone fractures and
thin, soft bones. Elevation of dietary Ca/P levels for
gilts from .65/.50 to .975/.75% resulted in higher rear foot
and leg soundness scores indicating a reductiom in cverall
soundness with high Ca and F levels (Nimmzo et al., 1981).
These results conflict with thcse of Grondalen (1974a) who
observed a nonsignificant reduction of incidence and
severity of foot 1lesions with elevated dietary Ca and P
levels. The majority of research, however, has indicated no
effect of increased Ca and P levels in the diet on cverall
structural soundness cobservations or foot lesion develcpment
(Arthur et al., 1982a; Calakott et al., 1982; Grotrdalen,
1976; Kornegay et al., 1981, 1982; Kormnegay and Thomas,
1981; Niwmmo et al., 1980b; Reiland, 1978b).

Elevated dietary prctein level has Leen reported to
have no beneficial effect on reducing the incidence of foot
lesions or the degree of 1leg weakness in pigs (Grondalen,

1974a, b; Reiland, 1978b). Similarly, the feeding of a
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16-14 or 15-16% dietary protein sequence to growing boars
had no influence on soundness scores or tce 1lesions
(Kornegay et al., 1981a).

Vitamin A, rikoflavin, [fantothenic acid, biotin and
vitamin E have all Lteen incriminated as possitle effectors
in lameness (Penny et al., 1963). Dobson (1969) produced
hypervitaminosis A imn growing fpigs by oral admimnistration of
344,000 ug of vitamin A between 3 and 7 d of age. Figlets
developed weak pasterns along with a significant difference
in length between medial and lateral metatarsals. Feszur and
tibia were reduced to three-quarters and two-thirds of
normal length, respectively, with rough, Fpitted articular
surfaces. Pryor et al. (1569) used similar vitamin A levels
and observed much the same results. Pigs spent a majority
of the time sitting, and when forced to stand assumed a
posture with fore and hind feet close together and back
arched. In contrast, Reiland (1978b) reported that hyper-
or hypovitaminosis A failed toc cause a noticeakle difference
on the incidence or severity of osteochondrosis. Grondalen
(1974b) altered total vitamin content of the diet and found
no influence on the degree of leg weakness.

Genetic Factors
Early work by Nordby (193S) indicated that toes of

uneven size can result io lameness problems due to unegual
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distribution of weight on the toes. He reported that the
freguency and magmitude of the variation in toe size can be
reduced by careful selection. Grondalen (1974c) reported
that heredity uwmay [play a rcle 1in joint 1lesioms and
subsequent onset of leg weakness partly due to inherited
differences in joint shape while poor locomatory akility may
be partly due to inherited shape of the hindquarters.
Grondalen (13974d) and Grondalen and Vangen (1974)
observed that the degree and incidence of skeletal lesions
was higher in 1landrace pigs selected for rapid grcwth rate
and thin backfat than for Llandrace pigs selected for slow
growth and thick backfat. It contrast, Bereskin (1977)
reported that pigs with faster early grosth, less backfat
and larger loin eye areas geperally exhibited scunder feet
and legs so the selection of leaner and meatier pigs is not
necessarily contradictory to selection for improved
structural soundness. Bereskin (1977) further noted that
unsound feet and 1legs are moderately bheritatle, so the
condition could be largely eliminated imn two tc four
generations of careful selection. In direct conflict with
his earlier work, Bereskin (1979) reported that positive
genetic <correlations of backfat thickness with isproved
structural soundness scores, and negative correlaticns of

loin eye area with improved soundness scores will =make it
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difficult to sipmultaneously select for leaner, wore muscular
pigs and improved structural scundness. Similarly, Ssith
(19¢6) observed rather low (h2 < .25) heritatility of leg
veakness based on visual soundness scores and stated that
improvement through selection would be a slow and difficult
process.

Environmental Considerations

The practice of total confinement has been isplicated
in the development and intensification of unsoundness.
Elliot and Doige (1973) reported that pigs individually
penned in an area of insufficient size to allow normal
exercise had a higher incidence of lameness or poasterior
veakness. The authors hypothesized that this could in fpart
be a result of a lack of intermittent compressica of
articular cartilage which is important for the diffusion of
nutrients from the synovial fluid into the cartilage.
Significant degree of osteoporosis was alsc noted in the
cortical bone. Likewise, Predeen and Sather (1978) reported
ap to 50% of boars, barrows and gilts raised in total
confinement on concrete display moderate to severe articular
cartilage damage with the degree of damage directly related
to the duration of the total confinement.

Perrin et al. (1978) observed no differences 1in the

incidence or severity or cartilage lesions Letveen Loars
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housed on concrete floors with wood shavings as tedding or
on dirt with cereal straw bedding. In contrast, a greater
number of criprled sows were ncted im sows housed 1in dirt
lots as compared with sows housed in confinement on concrete
(Kornegay et al., 1973) . Bough floor surfaces have Leen
shown to produce the highest incidence of foot lesions and
lameness (Penny €t al., 1965). Smith and Mitchell (1976)
reported that slippery and atrasive concrete floors in
farrovwing pens fproduced [Fpiglets with bruising ocf the sole,
svwellings of one or more of the digits, or the hock or knee
joints and necrosis of the skin over the knee joints. Smith
(1981) observed that mild truising of the sole usually
occurs in 100% of piglets within 24 hr of-tirth and may lead
to erosion of both the soft tissue and horny region cf the
sole. Bruising and erosion may also occur on the lateral
and medial aspects of the ball of the heel. In addition,
damp, dirty conditions may aggravate erosive-type lesions Ly
softening the horn and predisposing the foot to kruising,
minor injury aand excessive wear on hard surfaces such as
concrete (Penny et al., 1963).

Slatted floors with sharp edges and wide gaps (2.5 to
3.2 cnm) have Lteen shown to [produce foot and 1leg injuries
leading to partial or complete fposterior paralysis in sows

(Seith and Robertson, 1971). Fritschen et al. (1972)
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reported that pigs housed on 100% slatted floors disglayed
increased wear on the foot compared with pigs on 25% slatted
floors as indicated by shorter claws. 1This wear resulted in
more foot injuries on the 100% slatted floors. Newton et
al. (1980) reported that hoof and sole length of pigs housed
on concrete slats were shortest followed by those on steel,
aluminum and plastic slats in order of increasing length,
The investigators =speculated that the degree of traction,
roughness and abrasiveness of flooring may ke the main
factors involved in foot imnjury with slat width having
little effect. Floors that provide 1low levels of traction
along with uneven surfaces prcduce the greatest degree of
lesions to the vclar surface of the foot while those
providing higher traction levels produce more hoof cracks
and less severe pad lesions (Newton et al., 1980).

Infectious Agents

Duthie and Lancaster (1964) concluded from field
studies and feeding experiments that leg weakness is not
primarily of genetic or putritional origin kut &@more likely
due to an infectious agent. Arparently normal animals were
found to have joint lesions similar to animals displaying
mild leg weakness leading the authors tc hypothesize that
some predisposing factor may be involved which changes an

incipient condition to a clinical one. Fenny et al. (1963)
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reported that chronic arthritis can be caused by
Erysipelothrix rhusiopathae or less commornly by
Mycobacterium tuberculosis, Fclyserostitis by Haemcphilus
suis and pleuropneumonia-like organisms, and paraplegic-type
lameness by Corynekacterium [pyogenes, streptocci and
Fusiformis necrophorus. Reiland (1978a) observed that
Erysipelothrix imsidiosa was a common infectious agent
associated with chronic arthritis in skeletons cf treeding

pigs slaughtered because of leqg weakness.



Charter 111
THE EFFECT OF EESTRICTED ENEBGY INTAKE ANC ELEVATEL MIMNEEALS
AND
VITAMINS ON GEOWTH PERFOBMANCE, FOOT ANLC LEG MEASUREMENIS
AND

SOONDNESS SCOBRES CF GROWING BCAES

SumEary

The effects of dietary emergy level (ad libitum and 75%
of ad libitum) and mineral-vitasin intake (100 and 150% of
the National Besearch Council recoammendations) on fcot and
leg development, incidence and severity of foot lesicms and
structural soundness scores were studied utilizing a 2 x 2
factorial arrangement of treatments. Twenty Loars 1were
assigned to each treatment at 5 wk of age. Fifteen of the
20 Loars in each group were necropsied at 15 4 intervals
beginning at 120 4 of age (85 d on test), while five Loars
from each group were continued on test to 330 d of age ({295
d on test) before necropsye. Fcot and leg measurements were
taken and pad and horn lesions were characterized at 0
(initially), 87, 174 and 255 d on test and at necropsy.
Structural soundness scores were assigned at 87 and 255 d oa
test. Toe measurements increased over time with 1little

effect of elevated mineral-vitasin levels. At an equal age,
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ad libitum-fed boars had larger foot measurements; hovever,
weight-correction o¢ften reversed this effect prcducing
larger values for limit-fed boars relative tc body weight at
85 and 190 4 on test. Outside tce measurements were larger
than inside toe measurements. The hind ocutside horn length,
toe length and horn height exhibited a faster growth rate
relative to the other toes, particularly teyond 190 d onm
test. Incideunce and severity of pad and horn lesions were
generally not affected by the dietary treatments. The
incidence of lesion wsas generally greatest for the hiad
outside toe. Limit-fed boars had significantly Letter
soundness scores ccmpared to ad libitus-fed boars while
dietary mineral-wvitamin level had no effect. The findings
of this study indicate that elevating mineral and vitamin
levels above those recommended by the NRC has no effect on
foot and 1leg develorment cr the resulting structural
soundness. Restricting feed intake similarly has 1little
effect on foot and 1leg developzent but did produce boars

that were more structurally sound in appearance.

Intrcdaction
Structural umsoundness or leg weakness is a condition
difficult to study due to its complex etiology. Vaughan

(1971) suggested that early saturity amnd rapid growth rate



may be important eticlogical factors in the development of
unsoundness. This hypothesis was supported Ly the work of
Grondalen (1974b), Reiland (1978c) and Walker and Jones
(1962) who fed restricted intakes to growing swine and
observed reduced evidence of lameness. In contrast, several
other workers have regorted nc Leneficial effect of such an
energy restriction (Arthur et al., 1982; Calakotta et al.,
1982; Fell et al., 1570; Kormegay et al., 1382L; Nakanc et
al., 1979) which raises doubt as to the validity of reduced
growth resulting in improved structural soundness at
maturity.

Nordby (1939) reported that toes of unequal size can
result in lameness due to unequal distrikbution of weight on
the toes. This fact w@may account for the greater injury
which is observed on the pad and horn of the ocutside toe
(Fritschen et al., 1972; Eenny et al., 1963).

The present study was undertaken to study the effects
of reduced growth rate and elevated dietary mineral and
vitamin levels (150% NEC recommendations) on foct and leg
developnment, incidence and severity of foot lesions and
overall structural soundness c¢f growing Loars raised in

total confinement.
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Experimpental Procedures

Eighty <crossbred boars weaned at 4 sk of age were
assigned (20/treatment) at S wk of age to a 2 x 2 factorial
arrangement of treatments (ad libitum vs 75% of ad lititunm
and 100 vs 150% NBC recommended daily minerals and
vitamins). Boars vere randomly assigned tc dietary
treatments from outcome groups Lbased on weight and litter.
A feed intake curve obtained in a previous study (Calakotta
et al., 1982) under similar conditions was used to predict
the intake of the ad 1likitus-fed boars. Limit-fed Locars
were allowed 75% of the predicted ad 1libitum intake.
Adjustments to feed intake were made every 2 wk. Energy was
made the sole limiting mutrient by elevating the levels of
all other nutrients in the diet of the limit-fed boars thus
assuring a constant daily intake cf these dietary
components. Diet composition and feeding schedules are
indicated in table 1. ©Water vas provided ad libitus. Boars
were vaccinated against erysipelas at approxieately 4 wk of
age. Boars were housed on expanded metal flocrs to
approximately 25 kg and subsequently on solid concrete.

Fifteen of the 20 boars in each Jroup were necrogsied
at 15 d intervals beginning at 120 d of age (85 d on test).
Five boars from each grcup were fed tc 330 d of age (295 d

on test) before necropsye. Each boar was randomly assigned



TABLE 1. COMPOSITION OF DIETS

Ingredients

100X NRC 1502 _NRC

Ad 1ibitum 152 of ad libitum Ad 1ibitum 7152 of ad libitum

Phase 1 11 111 v v 1 I 111 v v 1 11 111 v v 1 11 111 v v

Corn (4-02-931)

Soybean meal (5-04-612)

Dried whole whey (4-01-182)
Defluorinated phosphate (6-01-780)
Limestone (6-02-632)

Salt (6-14-013)

Trace mineral premix
Vitamin-Selenium preaix

59.64 73.91 79.28 79.52 84.78 41.92 57.91 65.01 65.35 72.43 S57.65 72.27 72.72 78.05 83.45 39.21 55.47 62.94 63.40 70.68
27.93 23.70 18.62 18.56 13.47 44.74 38.94 32.14 32.06 25.21 28.30 24.00 18.89 18.82 13.73 45.26 39.42 32 49 32.41 25.52

10.00 10.00 10.00 10.00
1.0 1.09 .90 .62 A4 1.8 1.81 1.61 1.2 95 2,72 2,66 2.30 1.91 1.5 4.07 3,87 3.45 2.89 2.46
.75 .58 64 .75 .81 .65 43 .49 .65 74 .36 .13 .25 .40 .32 .18 «20 .34

.30 .30 .30 .30 .30 .40 .40 .40 .40 .40 .4 A4S .45 .43 43 .60 .60 <60 .60 .60
.10 .08 .06 .05 .05 .13 .10 .08 .07 .07 .15 .12 .09 .07 .07 .19 .15 .12 .10 .10
.25 223 .20 .20 .15 .33 -3 .27 .27 .20 .37 .37 -30 .30 .22 249 -49 240 .40 .30

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Calculated

Protein, % 200 18.0 16.0 16.0 14.0 26.6 24.0 21.3 21.3 18,6 20.0 18.0 16.0 16.0 14.0 26.6 24,0 21.3 21.3 18.6
Calcium, 2 .80 .65 .60 .55 .50 1.06 .86 .80 .13 .67 1.20 .98 .90 .83 .15 1.60 1.0 1.20 1.10 1.00
Phosphorue, X .60 .55 .50 A4S .40 .80 .13 .67 .60 .53 .90 .83 .75 .68 .60 1.20 1.10 1.00 .90 .80
Magnesium, % L1590 L1583 L4 L2145 138 (184 175 .164  .164  .155  .159 .151 .138 .14 .10] 182 .173 (163 .163  .154
Copper, ppm 27.17 19.92 16.05 14.96 13.27 35.97 27.11 22.68 21.56 19.31 28.73 24.37 19.23 17.19 15.52 42,66 32.70 27.13 24.92 24.37
Zinc, ppm 218.5 178.1 13.3 116.3 114.5 284.3 223.3 161.0 161.0 158.6 318.5 258.0 195.8 156.3 154.5 404.3 323.3 260.9 220.9 218.6
Iron, ppm 167.4 134.3 110.1 100.1 95.8 211.4 167.0 141.3 131.3 125.6 217.1 174.1 138.1 119.9 115.7 271.0 216.7 181.0 161.1 155.4

Manganese, ppa

66.3 S4.2 42.1 36.6 35.4 86.5 68.6 56.1 50.6 49.1 93.2 76.2 58.3 4A7.6 46.4 119.5 96.1 78.1 67.1 65.6

Analyzed

Protein, X
Calofum, X
Phosphorus, X
Magnesium, X
Copper, ppm
Zinc, ppm
Iron, ppm
Manganese, ppm

19.1 17.4 15.2 15.6 13.6 230 22.6 19.8 20.7 18.4 19.6 16.9 15.1 15.4 13.4 24 2.
.69 .70 .63 .62 .54 .88 .90 .79 .15 .77 1.05 .93 .88 .86 .76 1.52 1,
.45 .52 .50 .50 .39 .68 .73 .63 .62 .54 .80 7 .11 .64 .58 1.20 1.00 .88 .82 .76
157 165 .13 .140  .133 (175 .187 .164 .160 .156 .163 .160 .143 .139 .13 .201 .188 154 .164 .158

17.34 15.69 12.16 15.32 10.50 24.11 19.37 19.69 14.42 18.00 23.31 19.02 18.11 16.01 14.38 32,61 24.67 19.07 22.00 19.6)

177.8 197.2 168.7 145.5 148.7 292.3 248.3 180.7 146.8 197.5 305.6 252.4 185.3 159.7 187.5 421.6 310.3 232.7 308.4 251.2
178.9 129.9 114.1 109.1 125.0 198.2 1768.9 194.4 160.9 235.0 214.3 219.4 178.3 137.0 250.0 301.2 384.9 236.1 297.2 169.9
70.2  59.9 52.6 49.9 444 83.7 82.5 67.6 A2.4 63.7 97.0 687.2 59.5 49.9 S57.6 135.5 107.4 78.7 2.2 V4.5

.5 22.8 20.1 20.2 8.1
3

5 1,08 1.13 1.00

;Phue 1, initial to 10 kg; Phase II, 10 to 20 kg; Phase III, 20 to 35 kg; Phase IV, 35 to 60 kg; Phase V, 60 kg to termination of experiment.
Content (X): 20 Zn, 10 Fe, 5.5 Mn, 1.1 Cu and .15 I.

Supplied (per kilogram of premix): 1.76 g riboflavin, 8.8 g pantothenic acid, 8.8 g niscin, 8.8 mg vitamin B

176 g choline chloride,

1,760,000 1U vitamia A, 176,000 IU vitamin D,. 4,400 1U vitamin E, 440 mg menadione dimethylprimidinol Mnul”to (MPB) end 40 mg Se.

919
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to have either the right front and 1left rear feet or the
left front amd right rear feet measuremed and characterized
at initiation of dietary treatments, three 1intervals
thereafter (87, 174 and 255 d on test) and at necropsye.
Foot and 1leg measurements and characterization of [fpad amd
horn lesions were conducted as described by Calabotta et al.
(1982) (appendix fiqure 1; afgrendix tables 1 and 2.) Three
animal scientists, unawvare of dietary treatment, scored each
boar for overall structural soundness at approxinmately 87
and 255 4 on test. Scores vere assigned on a scale of 1 to
15 with 1 indicating very good overall soundness and 15
indicating severe structural unsoundness. Individual
soundness scores for each p[period w®ere then averaged to
obtain an average ccmmittee score for each boar.

The micro Kjeldahl method of nitrogen determination was
used to deterasine the protein content of the feed.
Following wet-ashing of the diets, mineral content, with the
exception of P, was amalyzed using a Perkin-Elmer 403 atomic
absorption spectrophotometer. Inorganic F was determined by
a colorimetric procedure (Fiske and Sukkarcw, 1925).

Changes in dependent variakbles over the course c¢f the
study were evaluated by linear and quadratic regression on
days on test. Treatment effects were evaluated Ly testing

the homogeanity of the regressionm egquations across energy



levels (E), mineral-vitamin levels (M) amnd E x M subclasses
(Snedecor and Cecchran, 1€67). Calculations were performed
with the gemeral linear models procedure of the Statistical
Analysis System (Barr et al., 1979) - For traits measured
only at necropsy the specific statistical model was:

+
ELWPLE

1j jk (1)

Y..=b + (b.+ b
o 1

+
ijk i b

- 2
+ b, .+ b, +
1 + (b2 bZi b2j bZij)Tijk+ eijk

where Y;jx is tke value cbserved for the kth Fig fed the
ith energy level and the jth sineral-vitasin level; Iijk is

days on test; b_ is the regression intercept and is the same

(o}

for all treatments; L; and '52 are average linear and
quadratic regression coefficients relating Y and T; the
remaining L values are sukclass regression constants

corresponding to specific treatments; and e;., is a random,

J
residual deviation from the regression e€quation. In
addition to testing the homogeneity of the curves,
differences Letween energy levels and Letween mineral-
vitamin levels were estimated from the regression equations
at 85, 190 and 295 d on test and were tested Ly t-tests.
Differences among treatments in the pattern of change
in measured variakbles cver time will often corresgond to
differences in the pattern of body weight change over time.
This result 1is especially frevalent when treatment effects

involve differences in rate of energy intake. Thus, the

observed differences in @measured variaktles amay sismply



reflect diiferences in body weight at a given age. In
general, differences 1n rpeasured variakles at a coostaat age
can be partitioned, conceptually at least, into a ccrxponent
that is attributable to treatzent differences in Lody weight
and a component that is independent of weight.

To attempt such a fpartition, the cverall relationship
between each dependent variable and body weight was first
defined using the mcdel:

W%+e,
1 1

Y, =C +CW, +¢C
i o i

1 2

where Y is the value for thne ith pig; & 1is the weight
1 1

of that pig at necropsy; C, , C; and C, are regression
constants; and e is a randos, residual deviation frcm the
regression line. Predicted values (i), for dependent
vacriables were calculated for each pig based on the weight
of that pig, and all observations were sukseguently
expressed as deviations from predicted values (Y-i). The
deviations were then analyzed using model (1), and the
resulting regression equations were used to predict the
extent by which observed treatment difrerences at 85, 190
and 295 d differed from thcse expected from bcdy weight
differences at those ages. Weight-corrected treatsent
differences are repcrted mathematically as (71 -zz) - (%_-?2

), OC as the deviation of the ctserved treatment differences

from the expected treatment difference based on weight. For
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example, boars fed ad libitum for 190 4 had front inside
toes which tended to ke .£8 mm wider than the toes of limit-
fed boars (table 3); however, this difference was 1.23 ma
less (P<.05) than would be expected based om the 22.1 kg
difference in body weight of these Loars.

Effects of time for variable measured on the same pig
at several ages were analyzed Lty nested analysis of variance
and were adjusted for individual pig differences by
including an intercept term sgecific to the individual pigs
in model (1). Differences between inside and outside and
front and hind legs were also analyzed in a pested analysis.

Pad and horn scores of each toe were supplementally
analyzed to describe the incidence and severity of lesicns.
The incidence of lesions was defined as the percentage of
the total numkter of boars characterized that exhikbited
lesions. Severity of pad and born lesions was evaluated
after the elimination of observations with a score of zero.
Main effects and the interaction of energy x mineral-vitaain
levels were tested at each time r[feriod Ly apalysis of
variance, and least squares means were calculated. Fad and
horn variables and soundness score least squares meamns uere
adjusted for age or body weight. With the exception of
soundness scores, age and weight adjustment did nct affect

the results. Therefore unadjusted means are presented.
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Besults and Ciscussion
Growth performauce.

The yrowth performance data is presented in table 2.
Since boars within a treatment were group fed the values
represent pen peans and are therefore not statistically
analyzed. As a result, conclusions drawn from this data
must be general in nature.

Average daily gain was greater for the ad libitum-fed
boars at each phase and overall, while mineral-vitamin level
had little effect on average daily gain. Cverall average
daily feed intake of the limit-fed boars was approximately
77% that of the ad libitum-fed boars which is very close to
the desired 25% feed restrictiom. Average daily feed intake
did not differ between mineral-vitamin levels. Feed
efficiency appeared to favor the limit-fed boars at fghases
I, II and III and the ad libitum-fed Loars at phases 1V amnd
V resulting in little differemce in overall feed efficiency.
A slight improvement in feed efficiency was evident for the
150% mineral-vitamin level at fperiod II, Ltut during periods
III, Iv and v, feed efficiency was Letter for the 100%
mineral-vitamin level with little overall effect.

Elevated Ca and P levels above NRC recommendations have
been reported to have no effect on average daily feed

intake, average daily gain or feed efficiency of growing
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TABLE 2. PERFORMANCE DATA FOR BOARS FED - TWO LEVELS
OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINSZ

Energy Mineral and Vitamin
Ad libitum 75% Ad libitum 100% 150%
Beginning body wt, (kg)
Phase 1 6.5 6.5 6.5 6.5
11 11.7 10.1 10.9 10.9
I11 22.9 20.5 20.4 22.9
v 49.0 52.0 49,4 51.6
v 61.1 60.8 60.3 61.6
Average daily gain (kg)
Phase I .25 .17 .21 .21
I1 .53 .51 W45 .59
I and II .39 .33 .33 .39
I1I .60 .55 .58 .57
I-111 . .49 .45 .46 .48
v .87 .62 .76 .72
1-1V .54 .47 .50 .51
v .63 .42 .56 .50
I-v .59 .45 .53 .51
Average daily feed intake (kg) .
Phase 1 .36 .24 .30 .30
I1 .93 .72 .82 .83
I and II .64 .48 .56 .56
111 1.56 1.32 1.44 1.44
I-III 1.09 .95 1.02 1.02
v 2.16 1.89 2.00 2.04
I-1V 1.23 1.06 1.15 1.15
v 2.67 2.03 2.40 2.31
I-v 2.01 1.55 1.79 1.77
Feed to gain ratio :
Phase I 1.49 1.41 1.44 1.45
II 1.76 1.44 1.80 1.40
I and II 1.67 1.42 1.69 1.44
IIT 2.61 2.42 2.49 2.53
I-I1I 2,22 2.10 2.21 2.11
v 2.50 3.06 2.68 2.88
I-1V 2.28 2.25 2.29 2.24
v 4,22 4.76 4.34 4,64
I-v 3.41 3.45 3.38 3.47

aNumber of pigs per mean was 20, 20, 18, 18 and 18 respectively, for the
beginning of phases I, II, III, IV and V.
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boars (Hines et al., 1979; Nimmo et al., 1980a, b). Ia
contrast, Kormegay et al. (1981a) and Kesel et al. (1982)
have observed iEproved average daily gain and feed
efficiency resulting from feeding growing boars Ca and P
levels in excess of NBC recommendations. A nroderately
restricted feed intake (65 to 75% of ad libitum) has keen
demonstrated to result in iasproved feed efficiency (Frare et
al., 1959; Nielsen, 1964; Calabotta et al., 1982; Kesel et
al., 1982).

Toe measureaentse.

Data concerning mwmineral-vitamin levels have not teen
presented as few significant (E<.10) effects were evident.
Toe measurements increased Ltoth linearly and quadratically
with increasing age (tables 3 and 4; appendix figures 2, 3,
4 and 5). Horn 1length and height of hcrn tended tc be
greater for limit-fed boars at 85 d on test while horn
length, toe width and height of horm were significantly
(P<.10 to .001) greater for ad libkitum-fed boars Ly 255 d on
test. Toe width appears to display less response to energy
level than does horn 1length, Tce length tended tc ke
greater for the ad libitum-fed Loars; however, the magnitude
of the response was not as great as for the cther toe
measurements. Correction for the expected body weight

differences resulting from urequal energy intakes produced
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TABLE 3. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCE AT 85,
190 AND 295 DAYS ON TEST FOR HORN LENGTH AND TOE WIDTH OF INSIDE AND OUTSIDE TOES ON
FRONT AND HIND FEET OF BOARS AD LIBITUM OR LIMIT-FED

Days on test®

Item 85 190 295
Length of horné mm
Front inside®cde 15.58 + .36 20.91 + .44 23.20 + .56
Actual difference £ -.66 + .42 .05 + .55 2,47 + 74%%
Weight-corrected difference -1.68 + .36%** =1.63 + 48%*% 77 + .64
Front outside®“&M% 16.62 + .36 22.64 + .44 25.06 + .57
Actual difference -.07 + .43 .67 + .56 2.34 + T5%*
Weight-corrected difference =1.22 + [41** -1.09 + .54%* .83 + .72
Hind inside®c? 15.06 + .37 20.27 + .45 22.86 + .57,
Actual difference -.10 + .43 .31 + .57 1.30 + .76
Weight-corrected difference =-1.07 + .44% -1.20 + .57% 0L + .76
Hind outside®®3¥ 16.35 + .39 22.97 + .48 26.91 + .61
Actual difference .24 + .46 .44 + .60 .54 + .81,
Weight-corrected difference -.98 + .45% -1.52 + .59** -1.31 + .79°
Width of toe, mm
Front insidebcdl 18,52 + .31 25.44 + .38 28.32 + .48
Actual difference .03 + .37 .58 + .48 1.71 + .64%%
Weight-corrected difference =1.27 + 37%*% -1.23 + .49% .60 + .65
Front outside®®d 20.28 + .35 28.13 + .43, 31.43 + .55
Actual difference .56 + .41 .97 + .54; 1.08 + .72
Weight-corrected difference -.92 + .43% -1.10 + .57 -.20* .76
Hind inside®®8 16.70 + .32, 22.52 + .39 25.38 + .49
Actual difference .64 + .37 1.22 + .49% 1.58 + .65%
Weight-corrected difference -.46 + .38 -.38 + .50 .43 + .66
Hind outside®®? 19.55 + .26, 26.78 + .32 29.55 + .40
Actual difference .58 + .31 91 + .40% .80 + .54
Weight-corrected difference -.78 + .35% -.86 + .46' .05 + .61

Too%, ***Energy effect (P<.10, .05, .01 and .001, respectively).

3Mean body weight (kg) was 58.9 and 49.3 (P<.05) at 85 d; 115.8 and 93.7 (P<.001)
at 190 d; 160.6 and 125.6 (P<.001) at 295 d, respectively, for ad libitum=- and
limit-fed boars (linear age effect, P<.,00l; quadratic age effect, P<.00l; energy x
linear age effect, P<,001).

cLinear age effect (P<.001).

Quadratic age effect (P<.001).

Energy x linear age effect (P<.05).

fEnergy x quadratic age effect (P<.0l).

Differences are expressed as ad libitum-fed minus limit-fed. Actual differences are
unadjusted for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that which would have
been expected from treatment differences in body weight.

Energy x linear age effect (P<.0l).

j.Energy x quadratic age effect (P<.10).
.Energy x mineral-vitamin x linear age effect (P<.l).
Energy x mineral-vitamin x linear age effect (P<.001).
nergy x mineral-vitamin x quadratic age effect (P<,01).
Energy x mineral-vitamin x quadratic age efiect (P<.05).
X

nergy x mineral-vitamin x linear age effect (P<.05).
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TABLE 4. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCE AT 85,
190 AND 295 DAYS ON TEST FOR HORN HEIGHT AND TOE LENGTH OF INSIDE AND OUTSIDE TOES ON
FRONT AND HIND FEET OF BOARS AD LIBITUM OR LIMIT-FED

a
Davs on test

Item 85 190 295
Height of horns mm
Front insidePcde 27.82 + .42 35.80 + .52 36.53 + .66
Actual difference ¢ -.22 + .50 .63 + .65 2.72 + .87**
Weight-corrected difference -1.78 + ,50%*x -.96 + .65 3.21 +  87%%%
Front outside’®%% 29.07 + .44 37.07 + .56 37.97 + .69
Actual difference -.37 + .52 .61 + .68, 3.16 + .91***
Weight-corrected difference =-2.03 + .S1%** -1.10 + .67' 3.62 + ,89%*%
Hind inside®®eMi 27.63 + .45 36.66 + .55 39.10 + .70
Actual difference -.46 + .53 .28 + .69 2.44 +  ,92%%
Weight-corrected difference =2.17 + 57**% -1.71 + . 74% 2.20 + .99%
Hind outside®®®J 28.66 + .48 38.34 + .59 41.58 + .75
Actual difference -.46 + .57 22 + .74 2.28 + .99%
Weight-corrected difference =2.27 + .60*** -1.94 + .78% 1.84 + 1.05°
Length of toe, mm
Front insideP® 36.43 + .63 46.95 + .78 48,41 + .99
Actual difference 1.01 + .75 1.49 + .98 1.13 + 1.31
Weight-corrected difference -1.04 + .73 -1.01 + .96 L47 +1.28
Front outside”c? 38.02 + .57 49.70 + .69 52.27 + .88
Actual difference 77 + .67 1.10 + .87 74 +1.17
Weight-corrected difference -1.48 + .66% -1.69 + .86 -.09 + 1.15
Hind inside®¢3 34.65 + .56 46.74 + .69 51.87 + .88
Actual difference .52 + .66 1.18 + .87 1.85 + 1.16
Weight-corrected difference -1.73 + .69* -1.97 + .90* -.11 + 1.20
Hind outside®®¥ 36.62 + .63 50.20 + .77 57.22 + .98
Actual difference 22 + .74 .56 + .97 .99 + 1.30
Weight-corrected difference -2,27 + .80%* =-3.06 +1.04%* -1.60 + 1.40

* * %%k

:’ ¥, R, R Energy effect (P<,10, .05, .0l and .001, respectively).

Mean body weight (kg) was 58.9 and 49.3 (P<.05) at 85 d; 115.8 and 93.7 (P<.001)
at 190 d; 160.6 and 125.6 (P<.001) at 295 d, respectively, for ad libitum-
and limit-fed boars (linear age effect, P<.00l; quadratic age effect, P .001;
energy x linear age effect, P<.001).
CLinear age effect (P<.001).

Quadratic age effect (P<.001).

Energy x linear age effect (P<.0l).

Energy x quadratic age effect (P<.0l).

Differences are expressed as ad libitum~fed minus limit-fed. Actual differences are
unadjusced for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that which would have
been expected from treatment differences in body weight.

Energy x quadratic age effect (P<.05).

_Energy x linear age effect (P<.05).

.Energy x mineral-vitamin x quadratic age effect (P<.1l).
JEnergy x linear age effect (P<.10).

nergy x mineral-vitamin x quadratic age effect (P<.05).
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longer and wvider tces and longer horns fcr the limit-fed
boars. This difference was prominent (E<.10 to .001) at 85
and 190 d on test and non-significant bLy 295 d vweight
correction. Horn height displayed a similar early response
due to weight-correction but also exhiktited 1larger values
for ad libitum-fed toars by 295 days. This demonstrates a
true effect of the high energy intake in producing a greater
height of horn. Ad libitum intake in coabination with the
150% mineral-vitamin level generally produced the 1largest
foot measurements. Calabotta et al. (1982) amnd Kornegay et
al. (1982b) have similarly reported larger toot measurements
for swine fed ad libitum as ccepared with those fed 75% of
ad libitunm intake when examined at an equal age.
Differences were not apparent when examined at a similar
body weight. Dietary Ca aand F level has likewise kbeen shown
to have little effect on fcot size of developing tLoars
(Rornegay et al., 1981a; 1982L).

Toe base area and toe volume responded as would be
expected based on the ckservations of the individual
measurements from which they are calculated. Eoth tce area
and volume increased over time with the ad 1libitum intake
promoting significantly (E<.1 to .001) 1larger values at 190
and 295 d omn test (table S; appendix figures 6 and 7).

Weight-correction removed the differences instituted by
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TABLE 5. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCE AT 85,
190 AND 295 DAYS ON TEST FOR VOLUME AND AREA OF INSIDE AND OUTSIDE TOES ON FRONT AND
HIND FEET OF BOARS AD LIBITUM OR LIMIT-FED

a
Davs on test

Item 85 190 295
Volume of toe, cm3b

Front insidecdefg 21.60 + 1.19 40.41 # 1,45, 53.80 * 1.85
Actual difference h .32 + 1.40 3.17 + 1.83, 8.73 + 2.45%%*
Weight-corrected difference =3.15 + 1.29% -3.27 + 1.68' .76 + 2,25

Front outside®d? 25.48 + 1,43 49.04 + 1.75,  67.31 + 2.23
Actual difference 1.14 + 1.69 4.22 + 2.20, 9.14 + 2,94%%
Weight-corrected difference -3.16 + 1.57* -3.87 + 2.05 -1.06 + 2.74

Hind inside®® 18.12 + 1.11 36.85 + 1.35 54.60 + 1,72
Actual difference .96 ¥ 1.30. 4.20 ¥ 1.70% 9.71 F 2.28%%%
Weight-corrected difference -2.36 + 1.32 -2.59 + 1.72 .17 + 2.30

Hind outside®® 23.36 + 1.38 48.95 + 1.69 74.48 + 2.15
Actual difference 1.16 + 1.63, 4.89 + 2.13% 11.16 + 2.84%%%
Weight-corrected difference =3.33 # 1.77° -4.29 + 2.31° -1.75 + 3.09

Area of toe, cmz{

Front insidecdik 7.11 + .25 11.63 + .30,  14.14 + .39
Actual difference 23+ .29 .64 + .38 1.18 + .51*
Weight-corrected difference -.61 + ,26% =77 + . 34% -.28 + .46

Front outside®98! 8.14 + .29 13.63+ .35 17.03 % .45
Actual difference A7+ 34, .85 + .44 .98 + .59
Weight-corrected difference =54 + 327 -.87 + J41* -.82 + .55

Hind insideS? 6.05 + .22 10.30 + .27 13.53 + .35
Actual difference 37+ .26 .87 + .35% 1.41 + .46%*
Weight-corrected difference -.40 + .26 -.52 + .34 =24 + 45

Hind outside®di™ 7.56 + .24 13.12+ .29  17.38 + .37
Actual difference .40 + .28, 84+ L37% 1.22 + .49%
Weight-corrected difference -.60 + .31° -.93 + .41% -.78 + .54

fy *, *, ***Energy effect (P<.10, .05, .01 and .00l1, respectively).
%Mean body weight (kg) was 58.9 and 49.3 (P<.0S) at 85 d; 115.8 and 93.7 (P<.001)
at 190 d; 160.6 and 125.6 (P<.001) at 295 d, respectively, for ad libitum-
and limit-fed boars (linear age effect, P<.00l; quadratic age effect, P<,001;
energy x linear age effect, P<.001).

Length of toe x width of toe x height of horn.
Linear age effect (P<.001).

Quadratic age effect (P<,001).
-Energy x linear age effect (P<.001).

Energy x quadratic age effect (P<.10).
gEnergy X mineral-vitamin x quadratic age effect (P<.05).

Differences are expressed as ad libitum~fed minus limit-fed. Actual differences
are unadjusted for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that which would have
.been expected from treatment differences in body weight.

.Energy x linear age effect (P<.0l1).

Length of toe x width of toe.

Energy x mineral-vitamin x quadratic age effect (P<.0l).

Energy x linear age effect (P<.05).
TEnergy x mineral-vitamin x linear age effect (P<.1l).

Energy x mineral-vitamin x quadratic age effect (P<.1).

mO AN o
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energy level at 295 d and reversed the energy level effects
seen at 85 and 190 d on test as had similarly teen okserved
with the individual foot measurements. Ad 1libitum intake
vith elevated mineral-vitamin levels generally exhikited the
largest measures.

Fercentage horn 1is, by its very nature, a
characteristic that is difficult to intergret. Since it is
a ratio of horn length to toe length, small changes in these
measurements lead to dramatic changes in fpercentage hora.
Percentage horn generally increased over time indicating
that the pad and horn may be developing at different rates
(table 6; appendix figure 8). Horn growth may be more rapid
than pad growth particularly as the anigals mature. This
hypothesis is supported by a 1longer term study conducted by
Arthur et al. (1982a) in which fpercentage horn values
increased linearly by about .02% per parity as sows wuere
carried through three parities. Kormegay €t al. {(1982b)
reported that percentage born fcr growing boars decreased to
about 135 d of age but then subsequently increased. The
lack of such a respomnse in the present study is likely due
to the increased age of the boars on test as compared to
those of Kormegay et al. (1982b). Any decline in percentage
horn would have presumably occured prior to the first tested

time point (85 d on test). 1In the present study, fpercentage
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TABLE 6. PREDICTED MEANS AND ACTUAL DIFFERENCE AT 85, 190 AND 295 DAYS ON TEST
FOR PERCENTAGE HORN OF INSIDE AND OUTSIDE TOES ON FRONT AND HIND FEET OF BOARS FED
TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS®

Days on testb
Item 85 190 295
Percentage horn cdef
Front inside toe 42.9 + 1.0 4.4 + 1.2 48.3 + 1.5
Energy difference -2.8 + 1.2% -1.9 + 1.5 3.9 + 2.0%
Yineral-vitamin difference -1.2 + 1.2 3+ 1.5 3.3 + 2.0
Front outside toe“8hi 437+ .8 45.6 + 1.0 47.6 + 1.2
Energy difference -9+ .9 S5+ 1.2 4.5 + L.7%*
Mineral-vitamin difference -1.0+ .9 -1.0 + 1.2 3+ 1.7
Hind inside toel<t 43.6 + .9 43.0 + 1.1 44.7 + 1.4
Energy difference -.6 + 1.1 -3+ 1.4 1.3 +1.9
Mineral-vitamin difference -2.6 + 1.1% -2.8 + 1.4t 7+ 1.9
Hind outside toe®l® 46 + .8 45.7 + 1.0 47.2 + 1.3
Energy difference .8 +1.0 1.2 +1.3 .8+ 1.7
Mineral-vitamin difference -1.6 + 1.0t -1.1+ 1.3 2.3+ 1.7
T, *, **
;’ ’ Energy or mineral-vitamin effect (P<.10, .05 and .0l, respectively).
bLength of horn ¢ length of toe x 100.

Actual differences are expressed as ad libitum-fed minus limit-fed or as 100%
minus 150% minerals and vitamins.
inear age effect (P<.001).
Quadratic age effect (P<.05).
Energy x quadratic age effect (P<.0l).
Energy x mineral-vitamin x quadratic age effect (P<.10).
Energy x linear age effect (P<.05).
.Energy x quadratic age effect (P<.05).
_Energy x mineral-vitamin x linear age effect (P<.10).
Jrinear age effect (P<.01).
.Quadratic age effect (P<.0l).
Mineral-vitamin x quadratic age effect (P<.05).
nergy x mineral-vitamin x linear age effect (P<.05).
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horn tended to be greater for the limit-fed koars at €5 d on
test with this trend kegicming to diminish ty 190 d. Ey 295
d on test percentage horn was greater for the ad libitum-fed
boars with the difference significant (P<.10 to .01) fcr the
front foot. The 150% mineral-vitamin level produced greater
percentage horn at 85 d on test which was significant for
the hind inside (P<.05) and hind cutside (P<.10) toces. 1This
difference was reduced to a trend in favor of the elevated
mineral-vitamin level by 190 d and reversed to a trend in
favor of the 10C% nmineral-vitamin level by 295 d.
Correction for body weight differences had little effect on
percentage horn. In general agreement, Kornegay et al.
(1982b) reported that percentage horn for all tces tended to
be larger for limit-fed vs ad 1libitum-fed boars at 80 and
150 d of age. In contrast, however, larger percentage horn
values were observed for 100 vs 150% dietary Ca and P at 80,
150 and 220 4 of age. Calabotta et al. (1982) reported no
dietary energy or Ca and P level effect omn percentage horn
for inside and outside tcoes of front and hind legs of
growing gilts.

Outside toe measurements vere larger (P<.01) than
inside toe measuresents (takle 7). This has also Leen
observed in early wcrk by Nordky (1939) and mcre recently by

Arthur et al. (1982a), Calabotta et al. (1982) and Kcrnegay



TABLE 7,  MEASUREMENTS FOR FRONT AND HIND FEET, AND INSIDE AND OUTSIDE TOES OF BOARS

Period 12P¢ Period 22Y¢ Period 3°P¢ Period 42¢ Period 5°¢

Item Inside Outside Inside Outside Inside Outside Inside Outside Inside Outside
Length of horn, mm

Frontdef8 9.33 9.41 16.08 17.28 20.89  22.26 22.05 24.53 23.93  25.71

Hind 9.26 9,32 15.40 17.06 20.30 22.50 22.65 25.58 22.79  28.93
Width of toe, mm

Frontefgh 10.23  10.81 19.44  21.42 24.76  27.29 27.93  30.50 28.71  33.36

Hind 9.95 10.69 17.65 20.55 21.50  25.90 24.93 29,18 25.71  30.57
Height of horn, mm

Frontefh 16.39  16.42 28.74  29.70 35.73  36.81 36.90 38.08 37.21  39.00

Hind 15.84  16.34 28.81 30.20 35.97  37.17 39.50 40.68 39.14 42,50
Length of toe, mm

Frontefh 21.49  22.23 38.16  39.74 46.38  48.63 47.03  51.70 51.43  54.14

liind 20.05 21.06 36.60 38.94 45.54  48.57 50.48 55.30 54.14  60.07

3Means at the end of each period (88, 86, 70, 40 and 14 observations for periods 1, 2, 3, 4 and 5, respec-
tively). Average age (d) on test were 0, 87, 174, 255 and 297, and average body weight (kg) was 6.6, 55.8,
b107'0’ 143.6 and 157.5, respectively, for periods 1, 2, 3, 4 and 5.

All measurements increased (P<.001) over time,

;Inslde toe measurements were smaller (P<,001) than outside toe measurements.

Significant (P<.10) differences between front and hind feet.

Significant (P<.001) period x toe interactions.

Significant (P<,001) period x foot interactions.

Significant (P<.001) period x toe x foot interactions.

Significant (P<.10) differences between front and hind feet.

f

h

0L
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et al. (1982b) . Front foct horam length and toe length was
greater than hind foot horn 1length and toe 1length through
the second measurement period with little difference evident
in period three (takle 7). Horn length and toe length were
greater for the hind foot during the final twc periods. The
hind outside toe exhibits a drowth pattern different from
that of the other toes. Born and toe lengths of all four
toes increased at agproxigately the same rate through period
three at which point the hind cutside horm and toe grcw at a
relatively faster rate. 1In general agreement, the magnitude
of the difference between inside and outside toes in horn
length and toe length has been regorted to ke greater on the
hind foot than the front foot (Arthur et al., 13982a;
Calabotta et al., 1982). Front foot tce width was greater
than hind foot toe width for all five measurement periods
(table 7). The hind inside toe i1s consistantly narrowest
and displayed a slower growth rate relative to the other
toes. The increase in the width of the front outside toe
was greater than for the other tces and produced the largest
value at period five. Horn height was greater for hind feet
than for froat feet. The rate of increase in horn height
vas approximately equal for all four toes with the exception
of a greater growth rate c¢f the hind outside horan height

from period four to period five. These findings support



those of Calabotta et al. (1582) and Kormegay €t al.
(1982b) who reported wider front toes tham hind tces and
taller hind toe horns than front toe horns. The present
study also supports the possibility of a differential growth
rate among toes with a faster grosth of nind outside horn
length, toe length and horn height which 1is particularly
evident as the boar matures. Toe volume was greater for
front feet than hind feet during the first three measurement
periods and was reversed for the fimnal two periods (table
8). ~Outside toe volume was copnsistantly larger than inside
toe volune. Likewlse, toe base area was generally greater
for front toes than for hind tces, and for outside toes than
inside toes. Toe volume and area increases Were post
dramatic for the hind outside toe during periods fcur and
five which is a reflection of a sisilar effect on horn
length and height during these feriodse. kith the excegtion
of period one, outside percentage horn was greater than
inside percentage horn. Few other copnsistant patterns were
evident for percentage horn.
Leq measurenments.

Forelimb and hindlimb circumference increased with age
(table 9; appendix fiqure 9). Ulna, tibia, metacarpal aand
metatarsal 1length increased to 150 d on test and

subsequently declined ({appendix figure 10). This 1s most



TABLE 8. PERCENT

HORN, TOE BASE AREA AND TOE VOLUME FOR FRONT AND HIND FEET, AND INSIDE AND OUTSIDE TOES
OF BOARS

Item

abc abc abc

Period 12P¢ Period 2 Period 3°PC Period 4 Period 5

Inside Outside Inside Outslide Inside Outside Inside Outside Inside Outside

Percent horn
Frontdef
Hind

Volume of toe, cm3
Frontdegh
Hind

Area of toe, cm2
Frontdesh
Hind

42.6 42,5 42.2 43.6 45.0 45.8 47.7 47.5 46.6 47.5
46.4 44,5 42,1 43.9 44.6 46.3 44.9 46.4 42.1 48.1
3.6 4.0 21.5 25.4 41.5 49.6 48,7 60.6 55.2 70.7
3.2 3.7 18.7 24.3 35.7 47.4 50.0 66.3 54.8 78.3
2.2 2.4 7.4 8.5 11.5 13.3 13.1 15.8 14.8 18.1
2.0 2.3 6.5 8.0 9.9 12.7 12.6 16.2 14,0 18.4

3Means at the end of each period (88, 86, 70, 40 and 14 observations for periods 1, 2, 3, 4 and 5, respec-
tively). Average age (d) on test was 0, 87, 174, 255 and 297, and average body weight (kg) was 6.6, 55.8,

All values with the

Significant (P<.10)

0 MmO N T

107.0, 143.6 and 157.5, respectively, for periods 1, 2, 3, 4 and 5.

exception of percent horn increased (P<.001).

Inside toe values were smaller (P<.001) than outside toe values.
Significant (P<.001) period x toe interactions.
Significant (P<.001) period x foot interactions.

period x toe x foot interactions.

|51gnif1cant (P<.001) period x toe x foot interactions.

'Significnat (P<.001) difference between front and hind feet,

€L
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TARLE 9. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCE AT 85,
190 AND 295 DAYS ON TEST FOR CIRCUMFERENCE OF THE FORELIMB AND THE HINDLIMB AND
LENGTH OF THE ULNA, TIBIA, METACARPAL AND METATARSAL OF BOARS AD LIBITUM OR

LIMIT-FED
Days on test?
Item 85 190 295
Circumrference, cm
Forelimb®¢ 4 14.61 + .15 19.32 + .18, 21.19 + .44
Actual difference” d .29 + .18 .41 + 23" .39 + .31
Weight-corrected difference ~-.59 + .21%* =73 + 27%% -.21 + .36
Hindlimbbce 15.25 + .18 20.15 + .22 21.57 + .27
Actual difference .31 + .21 .66 + 27% .97 + .36%*
Weight-corrected difference -.61 + .25% -.49 + .32 .60 + .43
Length6 cm
Ulna’® 18.71 + .24 23.24 * .29 23.28 + .38
Actual difference .31 t}.ZBf W45 + .37 .35 + .51,
Weight-corrected difference -.58 + .31 -.36 + .40 .90 + .55°
Tibia, cm®C 19.76 + .32 23.82 + .39 22,13 + .51
Actual difference 14 + .38, .20 + .49 .13 + .67
Weight-corrected difference -.67 + .38’ -.19 + .50 1.73 + .68%
Metacarpal, cmS 7.43 + .13 9.05 + .16 8.60 + .21
Actual difference .24 + .16 44+ 20% .54+ 27%
Weight-corrected difference -.09 + .16 22+ .21 1.01 + .29***
Metatarsal, cmC 8.42 + .15 10.53 + .18 10.22 + .23
Actual difference .06 + .17* .19 + .22 .37 + .30
Weight-corrected difference -.36 + .19 -.17 + .24 T2+ 32%
Tk kk_ xk%
> ’ Energy effect (P<.10, .05, .0l and .001, respectively).
3\fean body weight (kg) was 58.9 and 49.3 (P<.05) at 85 d; 115.8 and 93.7 (P<
.001) at 190 d; 160.6 and 125.6 (P<.001) at 295 d, respectively for ad

libitum- and limit-fed boars (linear age effect, P<.00l; quadratic age effect,
bP<.001; energy x linear age effect, P<,001).

Linear age effect (P<.001).
CQuadracic age effect (P<.001).

Differences are expressed as ad libitum-fed minus limit-fed. Actual differences
are unadjusted for body weight differences; whereas, the weight-corrected differ-
ences measure the deviation of the actual treatment difference from that which
would have been exprected from treatment differences in body weight.

Energy x linear age effect (P<.0l).

Energy x linear age effect (P<.05).



likely a function of measurement error rather than a true
age effect. Palpation of the joints of the leg was used to
determine bone length and this 1leads to difficulty in
obtaining accurate measurements. Actual @wmetacarpal and
metatarsal 1lengths obtained at necrogsy are presented 1in
Chapter 1V.

Mineral-vitaasin level had little effect on
circunference of the forelisb or bindlixk, or on length of
the ulna, tibia, wmetacarral or metatarsal when examined
either as actual or weight-corrected differences. Kornegay
et al. (1982b) and Calakbotta et al. (1982) similarly found
no effect of elevated dietary Ca and P levels (150% NEC) on
these same leg characteristics. Bone 1length has also Lkeen
shown to not be responsive to Ca and P levels akove those
recomsended by NBRC (Forsyth et al., 1972; Kormegay et al.,
1981a; Nimsmo et al., 1980k; van Kempen et al., 1978).

Circumference of the leg was greater for boars on ad
libitum intake with this effect particularly evident in the
hindlimb. Bone length tended to be greater with ad likitua
feeding, however, only metacarpal 1length response vwas
significant (P<.05). Correction for body weight differences
reversed the energy level effects seen in circumference
measurements at all time points with the exception of the

hindlimb circumference at 295 d on test and also reversed
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energy level effects seen in tote lengths at 85 and 190 4 on
test. By 295 4 on test weight-corrected ulna, tiria,
metacarpal and metatarsal 1lengths were greater (E<.10 to
.001) for boars on ad libitua intake. Grondalen (1S74a)
reported that restricting the feed intake (80 to 90% of ad
libitum) of sows produced longer femora and tibiae at 100 kg
body weight. Kornegay et al. (1982L) likewise reported
trends towards increased weight-corrected ulna, tikia,
metacarpal and metatarsal 1lengths of growing bcars fed 75%
of ad libitum intake up to 220 d of age. The present study
indicates that if the boars are taken beyond this point bone
lengths become greater fcr ad libitum-fed koars. Age and
dietary treatments had little effect on the ratio of the
length of metacarpal to ulna (.39) and metatarsal to tibia
(«43) . Similar cbservations have been made by Calabctta et
ale (1982) and Kornegay et al. (1982b).

Pad and horn lesions.

Incidence and severity of pad and horn lesions are
shown in takbles 10 and 11. The values were not affected by
adjustment to a constant age or weight, theretfore,
unadjusted means are presented.

Energy or mineral-vitarin level effects on incidence
and severity of pad lesions were few and inconsistant (table

10) . In agreement with the [fresent study, Kornegay and
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TABLE 10. LEAST SQUARES MEANS OF INCIDENCE AND SEVERITY OF PAD LESIONS FOR FRONT, HIND, INSIEE
AND OUTSIDE TOES FOR BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS

Energy Mineral-vitamin
Item Period® Ad libictum _ 754 Ad libitum 1007 150% SE
Front inside 1 15.9 (1.4), 6.8 ( - )¢ 15.9 (1.4)_ 6.8 ( -)€ 4.2
2 2.4 (=) 0 (0) 2.4 (=) 0 (0) 1.
3 12.1 (1.0) 15.9 (1.0) 8.7 (1.0)_  19.4 (1.0) 5.9
4 0 (0) 5.6 ( -)° 5.6 (=) 0 (0) 3.5
5 0 (0) 0 (0) 0 (0) 0 (0) 0
Front outside 1 15.9%(1.1) 4.5 (=) 13.6 (1.1) 6.8 (-)¢ 4.6
2 23.8 (1.6) 11.4 (1.0) 21.1 (1.3)  14.1 (1.3) 5.8
3 33.5 (1.1) 35.1 (1.1) 31.4 (1.0) . 37.2 (1.2) 8.3
4 12.5 ( - )¢ 25.6 (1.4) 5.6( =) 32,5 (1.5), 8.8
5 20.0 ( - ) 0 (0) 0 (0) 20.0 (=) 13.8
Hind inside 1 13.6 (1.2)_ 9.1 (1.5) 11.4,(1.3)  11.4 (1.4) 4.9
2 4.8 (=) 2.3 (=) 7.0%(1.3) 0 (0) 2.8
3 8.8 ( - )z 24.0 (1.1) 16.4 (1.0)  18.4 ( - )2 6.1
4 13.9 ( =) 0 (o)c 5.6 (=) 8'3(')c 6.0
5 0 (0) 16.7 ( =) 0 (0) 16.7 (=) 10.3
Hind outside 1 15.9 (1.5) 9.1 (1.2 15.9,(1.3) 9.1 (1.3) 5.0
2 21.4 (1.7) 18.2 (1.3) 11.6%9(1.7)  28.0 (1.3) 6.1
3 48.7%(1.3) 21.5 (1.0) 28.9 (1.1) 41.3 (1.2) 7.9
4 23.6 (2.1) 36.1 (1.9) 22.2 (1.8) 37.5 (2.2) 10.5
5 30.0 ( - )€ 12.5 ( - )€ 12.5 ( =)S  30.0 ( =) 17.6

aAverage d on test were 0, 87, 174, 255 and 297 for periods 1, 2, 3, 4 and 5, respectively.

Average body weight (kg) was 6.6 and 6.6 for period 1; 61.2 and 51.9 for period 2; 117.7 and
97.3 for period 3; 167.0 and 120.3 for period 4; 180.0 and 131.6 for period 5, respectively,
for ad libitum- and limit-fed boars.

Scores were assigned on a scale of 0 to 3, where O = no lesion and 3 = severe lesion. Mean
is incidence with severity in parenthesis.

Severity unable to be determined due to low incidence.

Energy or mineral-vitamin effect (P<.10).

Energy or mineral-vitamin effect (P<.05).
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TABLE 11. LEAST SQUARES MEANS OF INCIDENCE AND SEVERITY OF HORN LESIONS FOR FRONT, HIND, INSIDE
AND OUTSIDE TOES FOR BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINSD

Energy Mineral-vitamin
Item Period®  Ad libitum 75% Ad libitum 100% 150% SE
Front inside 1 4.5 (=)C 6.8 (1.0) od (0)  1l.4 (1.3) 3.5
2 0o (-)H¢ 4.5 (=)¢ 4.5 (=) 0 (=) 2.3
3 0 (0) 0 (0) 0 (0) 0 (0) 0
4 0 (0) 0 (0) 0 (0) 0 (0) 0
5 0 (0) 0 (0) 0 (0) 0o (0) 0
Front outside 1% of (o) 13.7 (1.2) 2.38( - )% 11.4 (1.4) 3.6
2 19.0 (1.7) 15.9 (1.2) 18.5 (1.5) 16.5 (1.4) 5.9
3 2.9 (-)¢ 2.6 (-)¢ 2.9 (=) 2.6 (=) 2.9
4 5.6 (=) 10.0 (=) 5.6 (=) 100 (-)¢ 5.9
5 25.08(2.0) 0 25.08(2.0) 0 8.9
Hind inside 1 3.1 (2.0) 20.5 (1.8) 38.64(2.1) 15.9 (1.7) 6.6
2 2.4 (=)¢ 0 (-)¢ 2.4 (=) 0 (0) 1.6
3 0 (0) 5.4 (-)° 2.8 (-)¢ 2.6 (-)° 2.9
4 0 (0) 0 (0) 0 (0) 0 (0) 0
5 0 (0) 0 (0) 0 (0) 0 (0) 0
Hind outside 1 15.9 (2.3) 11.4 (2.0) 18.2 (1.8) 9.1 (2.5) 5.2
2 14.3 (2.4) 13.6 (1.2) 9.2 (2.0) 18.7 (1.6) 5.3
3 2.9 (-)¢ 2.6 (-)€ 2.9 (-)¢ 2.6 (-)¢ 2.9
4 4.2 (-)¢ 15.6 (2.0) 5.6 (=) 14.2 (2.0) 6.9
5 0 (0) 0 (0) 0 (0) 0 (0) 0

aAverage d on test were O, 87, 174, 255 and 297 for periods 1, 2, 3, 4 and 5, respectively.
Average body weight (kg) was 6.6 and 6.6 for period 1; 61.2 and 51.9 for period 2; 117.7 and
97.3 for period 3; 167.0 and 120.3 for period 4; 180.0 and 131.6 for period 5, respectively,
for ad libitum- and limit-fed boars.

Scores were assigned on a scale of 0 to 3, where O = no lesion and 3 = severe lesion. Mean
is incidence with severity in parenthesis.

Severity unable to be determined due to low incidence.
:Mineral-vitamin effect (P<.05).

-Energy x mineral-vitamin effect (P<.10).

Energy effect (P<.0l).

Energy or mineral-vitamin effect (P<,10).
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Thomas (1981) and Kornegay €t al., (19814) reported that
foot and toe lesions of growing boars were unaffected when
125% NBC Ca and P 1levels were fed. Likewise, Ca and P
levels 50&% akove NRC recomgendations had no effect on
incidence or severity of toe lesions of gilts during growth
{Calabotta et al., 1982) or fcllcwing three parities (Arthur
et al., 1982a). Dietary Ca and P levels 50% above NBC
recommendations, however, have keen reported to decrease pad
and born lesion incidence 1in growing Ltcars while ©not
affecting lesion severity (Rormegay et al., 1982b).

Bestricted feed intake similar to the level used in the
present study was shown by Kornegay et al., (1982k) to have
little consistant effect on the incidence or severity of
foot lesions. In contrast, Calakotta et al. (1982) reported
that gilts fed ad libitus had a higher incidence of froant
inside and outside pad lesions than did limit-fed gilts with
little difference in lesion severity, while horm lesion
incidence wuwas greater for limit-fed gilts. Calabotta et al.
(1982) further noted that dietary enerqgy level had little
effect on 1lesions of the hind inside and outside fpad and
horn. No affect of dietary energy level on lesion incidence
or severity was observed as the gilts were suksequently
taken through three parities (Arthur et al., 1982t).

An increase in incidence cf pad lesions was okserved
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through period three (174 d on test) With a decline
thereafter. Such observations onm 1lesion severity were not
possible due to low incidence which frevented estimation of
lesion severity in several cases. However, where severity
could be determined, the values were cftem higher for
outside pads during period four (255 d on test). This may
be a result of healing of the less severe lesions grior to
period four 1leaving only the more serious 1lesions for
characterization. The incidence of pad 1lesions did not
differ significantly (P>.10) Letween front and hind feet.
The difference 1in the incidence of inside and outside toe
pad lesions was significant (P<.001) with outside pads
having consistantly greater lesiomn incidence. Although the
foot x toe interaction was not significant (P>.10) the hind
toe appears to have a greater incidence of pad 1lesions as
compared with the other toes.

Horn lesions were less pronounced than pad lesions with
few energy or mineral-vitasin 1level effects (takle 11).
Outside horns had greater (E<.0S) 1lesion incidence than did
inside horns while front apnd hind foct horns were not
significantly (P>.1() different. The front inside bhorn
displayed a very low incidence and severity of 1lesion.
Likewise, lesions cof the hind inside horn were not evideant

with the exception of period one (0 d on test). The
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incidence of outside horn lesions was very low at fperiod
three (174 d on test) and suksequently increased tc period
four (255 4 on test). The explanation of this observation
is not clear at this tinme. Several previocus studies have
likevise demonstrated greater imcidence of lesions on the
outside toe than the inside toe (Calabotta et al., 1982;
Fritschen et al., 1972; Korpegay et al., 1981a; Eenny et
al., 1963). This result smay possibly bLe due to a greater
weight load borme by the outside toe thus subjecting it to
greater wear and abrasion.

Soundness scorese.

Soundness scores were greater for ad libtitum-fed koars
indicating that limit-feeding groduced a more structurally
sound appearance (table 12). This was agpparent at Lkoth
periods (87 and 255 d on test) and was true regardless of
whether the values were «corrected for age or tody weight
differences. The present study supports the hypothesis of
Vaughan (1971) who suggested that rarpid growth w®may
predispose an animal to leg weakness problesgs. Ian costrast,
Kornegay et al. (1982b) reported taat soundness favored ad
libitum-fed boars when the scores were corrected for body
weight. Furthermore, studies by Calabotta et al. (1982),
Fell et al. (1970) and Nakano et al. (1979) reported no

relationship between reduced grosth rate and the development



TABLE 12. LEAST SQUARES MEANS OF AVERAGE STRUCTURAL SOUNDNESS SCORE FOR BOARS
FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS®

Energy Min-vit

Period® Ad libitum  75% Ad libitum _ 100%__ 150%  SE
1 Age adjustment 9.13 8.1 8.7 8.4 N
Weight adjustment 9.5 7.7 _ 8.7 8.5 A

2 Age adjustment 10.23 8.7 9.4 9.5 .5
Weight adjustment 11.1 8.0 9.6 9.5 .5

3scores were assigned on a scale of 1 to 15, where 1 = very good overall sound-
ness and 15 = severe structural unsoundness.

Average days on test were 87 and 255 for periods 1 and 2, respectively.
Average body weight (kg) was 61.2 and 51.9 for period 1; 167.0 and 120.3 for
perlod 2, respectively, for ad libitum- and limit-fed boars.
dEnergy effect (P<.10).

Energy effect (P<.01).

®Energy effect (P<.05).

¢8
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of unsoundness.

The present study supports the results of Calakotta et
al. (1982), Kornegay et al. (1981a), Kormegay et al. (1982b)
and Nimmo et al. (1980a,b) in finding no improvement in
structural soundness scores as a result of dietary sineral

levels in excess of NBC recommendations.



Chapter IV
THE EFFECT OF BESTRICIED ENERGY INTAKE AND
ELEVATED MINERALS AND VITAMINS CN

METACARPAL AND METATARSAL CHARACIERISTICS CF GEOWING BECARS

Summpary

The effects of dietary epergy level (ad likitum and 75%
of ad libitum) and mineral-vitamin intake (100 amd 150% of
the National Research Council recommendations) on metacarpal
and metatarsal dimensional and mechanical characteristics
and chemical composition were studied utilizing a 2 x 2
factorial arrangement of treatments. Fifteen of the 20
boars assigned to each treatment at 5 wk of age +were
necropsied at 15 d intervals beginning at 120 d of age (85 d
on test), while five boars from each group were fed to 330 d
of age before necropsy. At necropsy, two metacarpals and
two metatarsals were removed from each boar for analysis.
Bone weight, 1length, shaft diameter and wall thickness
increased with age, while bone ether extract decreased and
ash content increased. As age increased, Ca content of bone
ash increased, P level resained unchanged and Mg, Cu, Zn, Fe
and Mn levels decreased. At an egual age, bone weight,
length, shaft diameters and mechanical characteristics were

greater for ad libitum-fed boars, however, weight-correction
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produced trends in favor of the limit-fed Loars. Although
mineral-vitamin level had no effect on the weight, length or
diameter of bones, the 15C% NRC aineral-vitamin 1level
resulted in increased bone wall taickness. The elevated
dietary mineral-vitamin 1level increased bone sechanical
characteristics with these effects more prominent in the
metatarsals than the metacarpals. Metatarsals were heavier
and longer than metacarpals, while shaft diameters and wall
thicknesses disglayed less consistent results. Percentage
of ether extract increased witin ad lititum feeding and
elevated dietary mineral-vitamin levels resulted in
increased percentage of ash. The 150% NEC mineral-vitamin
level resulted in increased bone ash Ca level, while dietary
energy or mineral-vitamin levels failed to effect the Lone
content of any of the other mimerals examined. The results
of this study indicate that changes in Lbone characteristics
resulting from ad 1libitus feeding are due to a larger Lody
size at a given age wvhile greater values for mechanical
characteristics can be obtained by elevation of dietary

mineral-vitamin levels.

Introduction
Structural unsoundness, c¢r leg weakness, continues to

be of economic importance to the swine industry, with the
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causative factors uncertain, but mpost likely nutrition,
genetics and environment all glaying a role in predisgcsing
an animal to a lameness Fproblea. Altering dietary mineral
level can affect bope mineralization and may thus alter its
capacity to perfora as a structural memnber. Nimmo €t al.
(1981) reported that elevation of dietary Ca and P levels
for gilts resulted in a reduction in cveralil soundoness
scores for the rear foot and leg. In contrast, however,
several studies have indicated no effect of dietary Ca and P
in excess of NRBC recommendations on overall structural
soundness observations (Arthur et al., 1982a; Calatoctta et
al., 1982; Grondalen, 1976; Kornegay et al., 1981a, 1982b;
Kornegay and Thomas, 1981; Nisso et al., 1980b; Reiland,
1978c).

The relatively common c¢ccurrence of leg weakness in
swine maintained at a high 1level of nutrition suggests that
rapid growth rate may be an important factor in the
development of wunsoundness (Vaughan, 1¢71) . Grondalen
(1974b), Reiland (1978c) and walker and Jones (1962) have
presented results indicating improved soundrness with
restricted feed intake. No such influence of restricted
feed intake was observed in the work of Arthur et al.
(1982a) , Calabotta €t al. (1982) or Nakano €t al. (1979).

The present study was designed tc examine the effects
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of restricted growth rate and e€levated mineral and vitaain
levels on skeletal changes of grcwing Loars. Additiornally,

the effect of aging on tome characteristics was exawmibned.

Experimental Procedures

Details of dietary treatments, management and housing
of boars were as previously described (Chapter III).

Fifteen of the 20 boars in each treatment group were
necropsied at 1% 4 intervals teginning at 120 d of age (85 d
on test)e. Five boars from each group were carried through
to 330 d of age (295 d on test) before necrosgye. Each koar
was assigned to have the third aand fourth smetacarpals and
metatarsals of either right front and 1left rear feet or the
left front and right rear feet removed at necrofpsy.
Following removal from the anipmal, the metacarpals and
metatarsals were freed of all extraneous tissue in
preparation for amalysis. Each bone was then weighed and
measured. Bone 1length and three shaft diameters were
measured using dial califpers as described Ly Arthur et al.
(1982b) (appendix figure 11). A force-deformation curve was
generated via a three-point Lending test using an Instron
Universal Testing Machine (appendix figures 12 and 13).
Following breaking, bone wall thicknesses corresponding to

the external shaft diameters were measured. To descrilke the
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mechanical characteristics cf the metacarpals and
metatarsals, breaking strength, stiffness, Young's modulus
of elasticity and flexural &scdulus were derived utilizing
the force deformation curves and Lone measurements as
described by Baker (1974) and Arthur et al. (1982L) (agppendix
table 3).

The proximal half of each bkone was crushed and dried in
a 70 C forced air cvem for 4§ d. Reagent grade anhydrous
ethyl ether was refluxed over the crushed, dried tome for 5
h to determine G[fpercent ether extract. Fercent ash vwas
determined by placing the dried fat-free tone in a 600 C
muffle furnace for 5 h. One-half gram ash samples were
suspended in reagent grade hydrochloric acid over heat until
disolved and then quantitatively transfered to volumetric
flasks for miperal analysis. A Perkin-Elmer 403 atcmic
absorption spectrophotometer was used to deterzimne Ca, Mg,
Cu, Zn, Fe and Mn content of the bomne. Fhosphorus content
of the bone wvwas determined using the colorimetric procedure
of Fiske and Sutbarrow (1625).

Horn samples were obtained at necropsy from those feet
designated for metacarpal or metatarsal removal. Eercent
dry matter was determined for all horms Lty drying in a 70 C
forced air oven fcr 4 de Ether extract and ash

determinations were made on horus of Loars necropsied at
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120, 150, 180, 210, 240, 270 and 300 d on test, while horn
mineral amalysis was carried cut on boars 135, 165, 195,
225, 255, 285, 315 and 330 4 on test at pecrogsye This
provided 120 samples for ether extract and ash determination
and 188 samples for mineral analysis; bowever, due to
difficulties in the analytical frocedures results on 115, 48
and 156 samples for ether extract, ash amd mineral content,
respectively, are reported. Percent ether extract was
determined Lty refluxing petroleum ether over the dried horm
for 6 h wusing a Soxhlet afgparatus. Ferceant ash was
determined as previously described for the bone samples.
Horn sanmples were prepared for wmineral analysis Ly vet
ashing in concentrated ngitric acid and concentrated
perchloric acid. Calciuwm, P, ®#g, Cu, Zp, Fe and Mn were
then determined as descrited for bone mineral analysis.
Statistical apalysis of the data was as [previocusly
described for the feet aand 1leg characteristics (Chapter

I111).

Results and Ciscussion

Bone dimensional characteristics.

Metacarpal and metatarsal fresh weight, 1length, shaft
diameters and wall thicknesses increased with age (tables 13

to 16; agppendix figures 14 tc 21). The only excertion was



90

TABLE 13. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCE AT 85, 190 AND 295 DAYS ON TEST FOR THIRD METACARPAL

WEIGHT AND SIZE PARAMETERS OF 30ARS AD-LIBITUM OR LIMIT-FED
. Days on test®
ltem 85 190 295
Weight, g ¢ . 14.40 + 2.05  32.26 + 1.19  42.50 + 1.22
Actual difference .63 + 1.33 2.32 + 1.45 5.03 + 1.68**
Weight-corrected difference® -.63 + 1.01 -1.35 + 1.11 -2.00 + 1.28
Leagth, cm®8 6.5 + .19  8.42 + .11 9.20 + .11
Actual difference .06 + .12 160+ 013 22+ .15
Weight-corrected difference -.09 + .11 -.17 + .12 -.23 + 137
Palmar dimension, cm’ 1.32 + .05  1.62 + .03 1.81 + .03
Actual difference .02 + .03 .03 + .04 .04 + .04
Weight-corrected difference -.01 + .03 -.03 + .03 -.05 + .04
Axial dorsopalmar dimension, cn®dh 1.46 + .05 1.88 + .03 2.08 + .03
Actual difference 01 + .03 .06 + .03 A1+ 04
Weight-corrected difference -.02 + .03 -.03 + .03 -.02 + .03
Abaxial dorsopalmar dimension, cmbgh 1.66 + .07 2,15 *+ .04 2.346 + .04
Actual difference .01 + .04 .06 + .05 .11+ .067
Weight-corrected difference -.03 + .04 -.06 + .04 -.02 + .05
Palmar thickness, mmu’: 1.65 + .23 2.43 + .13 2.65 + .13
Actual difference -.12 + .15 -.02 + .16 .36 = .19%
Weight-corrected difference -.16 + .14 -.16 + .15 .03 + .18
Axial dorsopalmar thickness, am® 1.48 + .19 2.06 + .11 1.91 + .11
Actual difference .06 + .13 .01 + .14 -.18 + .16
Weight-corrected difference -.01 + .12 -.02 + .13 -.05+ .15
Abaxial dorsopalmar thickness, mm” l.446 + .15 l.e6 + .09 2.00 + .09
Actual difference .06 + .01 -.01 + .11 -.24 + 12t
Weight-corrected difference .02 + .10 -.07 + .11 -.29 ¥ .12*
=k k%

* *Energy effect (P<.10, .05 and .01, respectively).
3Vean body weight (kg): 43.4 and 41.7 at 85 d; 122.1 and 104.5 at (P<.01) 190 d; 180.2
and 131.7 at (P<.001) 295 d, respectively for ad libitum- and limit-fed boars (linear
age effect, P<.001l; quadratic age effect, P<.05; energy x linear age effect, P<.001;
energy x quadratic age effect, P<.05).

Linear age effect (P<.001).

Quadratic age eifect (P<.05).

Znergy x linear age effect (P<.0l).

Differences are expressed as ad libitum-fed minus limic-fed. Actual differences are
unadjusted for body weight differences; whereas, the weight-corrected differences
measure che deviation of the actual treatment difference from that which would have
_been expected from treatment differences in body weight.

Quadratic age effect (P<.001).

tnergy x linear age erffect (P<,10).

~Quadratic age effect (P<,01).

Mineral-vitamin x linear age effect (P<.05).
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TABLE 14. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCE AT 85, 190 AND 295 DAYS ON TEST FOR FOURTH METACARPAL

WEIGHT AND SIZE PARAMETERS OF BOARS AD-LIBITUM OR LIMIT-FED
Davs on test®
Item 85 190~ 295
Weight, g% . 12.25 + 2.00  32.69 + 1.10  62.54 + 1.12
Actual difference o 1.14 +1.26 3.00 + 1.38* 5.37 + 1.57***
Weight-corrected difierence . -.66 + .98 -1.50 + 1.07 -2.36 + 1.22%
Lengch, cm’Ct 6.53+ .13  8.58 + .10 9.31 + .10
Actual difference .03+ .11 A3+ .12 .29 + L 14%*
Weight-corrected difference -.13+ .10 -.20 + .10+ 17 + .12
Palmar dimension, cm’8 1.35 + .05 1.76 + .03 1.94 + .03
Acctual difference -.01 + .04 .02 + .04 .08 + .04*
Weight-corrected difference -.06 + .03 -.05 + .03 -.02 + .04
Axial dorsopalmar dimension, cmbgh 1.36 + .05 1.79 + .03 2.03 + .03
Actual difference .01 + .03 .04 + .04 .09 + .04%
Weight-corrected difference -.02 + .03 -.046 + .03 -.06 + .04+
Abaxial dorsopalmar dimensionm, cmbfg 1.48 + .06 1.97 + .03 2,19 + .03
Actual difference .02 + .04 .06 + .04 .10 + .05*
Weight-corrected difference -.02 + .03 -.03 + .03 -.03 + .04
Palmar thickness, mm' 1.92 + .2 2.61 + .11 2.59 + .12
Actual difference .08 + .13 .12 + 1 .08 + .16
Weight-corrected difference 01 + .11 .02 + .12 .06 + .14
axial dorsopalmar thickness, mm" 1.92 + .20 2.16 + .11 2.30 + .12
Actual difference -.06 + .13 -.06 + .14 -.03 + .16
Weight-corrected difference -.08 + .12 -.13 + .13 -.12 + .15
Abaxial dorsopalmar thickness, mme 1.31 + .2 2.07 + .11 2,19 + .11
Actual difference .09 + .13 0+ .14 -.33 + .l6*
weight-corrected difference 0+ .13 -.07 + .14 -.22 + .16

=k Kkk
e Energy effect (P<.10, .05 and .001, respectively).

3ean body weight (kg): 43.4 and 41.7 at 85 d; 122.1 and 104.5 at (P<.01) 190 d; 180.2
and 131.7 at P<.001) 295 d, respectively for ad libitum - and limit-fed boars (linear
age effect, P<.001; quadratic age effect, P<.05; energy x linear age effect, P<.001l;
energy x quadratic age effect, P<.05).

Linear age effect (P<.00l).

Quadratic age erfect (P<,001).

Energy x linear age effect (P<.0Q0l).

Differences are expressed as ad-libitum minus limit-fed. Actual differences are
unadjusted for body weight differences; deviation of the actual treatment difference

-from that which would have been expected from treatment differences in body weighc.

JEnergy x linear age effect (P<.05).

SJEnergy x quadratic age effect (P<.01).

"Energy x quadratic age effect (P<.05).

.Linear age effect (P<,09).

JQuadrat:ic age effect (P<.05).
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TABLE 15. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCE AT 85, 190 AND 295 DAYS ON TEST FOR THIRD METATARSAL
WEIGHT AND SIZE PARAMETERS OF 30ARS

AD-LIBITUM OR LIMIT-FED

a
Davs on test

Item 85 190 295
Wei bcd
eigne, g . 15.72 + 1.73 35.13 + 1.01 44.51 + 1.00
Actual difference e 1.32 + 1.15 3.07 + 1.26%* 4.95 F 1.40%**
Weight-corrected difference -1.03 * .99 -1.74 * 1.09 -1.82 # 1.22
be
Length, cm 7.06 + .18 9.19 + .10 9.93 + .10
Actual difference -.02 + .12 .06 ¥ .13 .25 .15+
Weight-correctea difference .25 ¥ .11% -.33 F L 12%% -.15% .13
Palmar dimension, cm’ 1.35 + .07 1.62 + .04 1.83 + .04
Actual difference -.01 + .04 .03+ .05 .12+ .05%
Weight-corrected difference -.03 * .04 -.03 + .04 -.02F .05
Axial dorsopalmar dimensioh; cm?gh 1.51 + .05 1.92 + .03 2.12 + .03
Actual difference 03 + .03 .06 + .04+ 11 F 04Kk
Weight-corrected difference -.01 ¥ .03 -.01 % .03 -.02% .03
Abaxial dorsopalmar dimension, cmbhg 1.64 + .06 2.05 + .03 2.25 + .03
Actual difference .02 % .04 .07 £ .04 .12 % .05%
Weight-corrected difference - -0l * .03 -.01L + .03 0+ .04
Palmar thickness, mmlJ 1.73 + .18 2,52 + .11 2.50 + .11
Actual difference -.15 + .12 -.15 + .13 .07 + .15
Weight-corrected difference -.22 % L11% .26 % L 12% .01 + .13
Axial dorsopalmar thickness, mle 1.56 + .16 2.00 + .09 2.10 + .10
Actual difference Jd2 F 11 .09 .12 -.13% .13
Weight-corrected difference .05 E .10 02+ .11 -.09 = .12
Abaxial dorsopalmar thickness, mml 1.50 + .17 1.81 + .10 1.86 + .10
Actual difference .05 * .11 .07 ¥ .12 .05 % .14
Weight-corrected difference .01 + .10 .02+ .11 .03 ¥ .13

<k kk kkk
+ Ty »

Energy effect (P<.10, .05, .0l and .00l, respectively)

3Mean body weight (kg): 43.4 and 41.7 at 85 d; 122.1 and 104.5 ac (P<.0l) 190 d; 180.2
and 131.7 at (P<.001) 295 d, respectively for ad libitum- and limit-fed boars (linear
age effect, P<.001l; quadracic age effect, P<.05; energy x linear age effact, P<.001;
energy x quadratic age effect, P<.05).

“Linear age effect (P<.001).
Quadratic age effect (P<.00l).

eEnergy x linear age effect (P<.001).
Differences are expressed as ad libitum-fed minus limic-fed.

iinergy x linear age effect (P<.05).

SQuadratic age effect (P<.05).
"Energy x linear age effect (P<.0l).
‘Linear age effect (P<.0l).
JQuadratic age effect (P<.0l).

“Mineral-vitamin x linear age etffect (P<.10).

Linear age effect (P<.05).

been expected from treatment differences in body weight.

Actual differences are
unadjusted for body weight cifferences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference f{rom that which would have
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TABLE 16. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCE AT 85, 190 AND 295 DAYS ON TEST FOR FOURTH METATARSAL

AD-LIBITUM OR LIMIT-FED

WEIGHT AND SIZE PARAMETERS OF BOARS

a
Davs on test

Item 85 190 295
el bed ;
weight, g e 16.04 + 1.86 38.12 + 1.11 48.41 + 1.10
Actual difference e 1.06 +1.24  3.14 + 1.37* 6.16 + L.55*%%*
Weight-corrected difference -1.39 +#1.02 -2.18 + 1.12%* -1.92 + 1.26
Length, en®¢t 7.6L + .22 9.74 + .13 10.66 + .13
Actual difference 07 + .16 21+ L16 .41+ . 18%
Weight-corrected difference -.13+ .12 -.20 + .13 -.18+ .15
Palmar dimension, cm’S" 1.36 + .05 1.66+ .03  1.77 + .03
Actual difference 0+ .03 .02 + .04 .08 + .047
Weight-corrected difference -.03+ .03 -.03+ .03 .01 + .04
Axial dorsopalmar dimension, cm’Ct 1.46 + .05 1.92 + .03 2.11 + .03
Actual difference .01 + .03 .06 + .03 .08 + .04
Weight-corrected difference -.06 + .02 -.046 + .03 -.01 + .03
Abaxial dorsopalmar dimension, cn®t 1.24°+ .06 2.03 +# .03 2.24 + .03
Actual dirfference -.01 + .04 .03+ .04 .08 + .0s57
Weight-corrected difference =04 + .03 -.05+ .03 -.03 + .04
Palmar thickness, mm"J 212+ .20 2.80 + .11 3.03 + .11
Actual difference -.11+ .13 -.08+ .l4 13+ .16
Weight-corrected difference =17+ i1 =21+ L12% -.03 + .14
Axial dorsopalmar thickness, mmbg 1.14 + .13 1.76 + .07 1.93 + .08
Actual difference -.03 + .08 00 + .09 .11 + .10
Weight-corrected difference -.08+ .07 -.10+ .08 -.06 + .09
Abaxial dorsopalmar thickness, mm 1.55+ .14 1.83 + .08 1.79 + .08
Actual difference -.03+ .09 -.07 = .10 -.09 + .11
Weight-corrected difference -.08 + .08 -.10+ .09 -.06 + .11

Tk k%

> *Energy effect (P<.10, .05 and .001, respectively).

Mean body weight (kg): 43.% and 41.7 ac 85 d: 122.1 and 104.5 at (P<.01) 190 d; 180.2
and 131.7 at (P<.001) 295 d, respectively for ad libitum - and limit-fed boars (linear

age effect, P<.001; quadratic age effec
energy x quadractic age effect, P<.05).

“Linear age effect (P<.001).
“Quadratic age effect (P<.001).
Energy x linear age effect (P<.001).

Differences are expressed as ad libitum-fed minus limit-fed.
unadjusted for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that which would have

been expected from treatment differences in body weight.

JEnergy x linear age effect (P<.05).
SQuadratic age effect (P<.05).
.Energy X linear age effect (P<.l).
.Quadratic age effect (P<.01).

JMineral-vitamin x linear age effect (P<.095).
Mineral-vitamin x quadratic age effect (P<.10).

P<,05; energy x linear age effect, P<.00l;

.y -

Actual differences are
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the fourth metatarsal abaxial dorsopalmar thickness which
tended to increase to 190 d on test but failed to display an
overall age effect.

At an equal age, bone weight was greater for ad
libitum-fed boars than for limit-fed boars (takles 13 to 16;
appendix figure 14) with the differemce significant Lty 295 d
(P < -01) on test for the third metacarpal amd at 190 4 (P <
«05) and 295 d (P < .001) for the fourth metacarpal and the
third and fourth metatarsal. Metacarpals and metatarsals
tended to be 1longer for ad libitum-fed bLoars when examined
at a constant age although the energy difference for the
third metacarpal was not sigpificant (P > .10) and the
energy level effects were sore pronounced for the fourth
metacarpal and setatarsal (taktles 13 to 16; appendix figure
15). Correction for body weight differences reversed the
energy level effects and produced consistent non-significant
trends toward heavier and longer metacarpals and metatarsals
for limit-fed boars. Mineral-vitamin level effects were not
observed for bone weight apnd length. Grcndalen (1974a)
reported that sows fed restricted intake (80 to 90X c¢f ad
libitum) had longer femurs and tibias at 100 kg live weight
as compared to sows fed ad libitusa. Similar results have
also Leen observed using 50 to 60% feed restriction

(Reiland, 1978c). In general agreement with the fresent
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study, Kesel et al. (1982) reported heavier and longer
metacarpals for boars fed ad lititum intake as compared with
those fed 75% ad libitum intake when examined at a comstant
age; however, no significant energy level differences were
evident when corrections wsere made for body weight. Alsc in
agreement, elevation of dietary Ca and P levels atove those
reconnended by NRC have been shcwn to have noc effect on tone
length (Nimmo et al., 1980b; Kornegay et al., 1981a; Arthur
et al., 1982b). However, in contrast, Kornegay et al.
(1981a) and Kesel et al. (198Z) reported heavier metacargals
for growing boars when elevated Ca and P levels akove NERC
reconmendations were fed. Several other studies have
observed no affect of elevated Ca and E 1levels on Lone
weight (Doige et al., 1975; Nimro et al., 1980b; Kormegay
and Thomas, 1981; Arthur et al., 1982L).

When examined at an equal age, all shaft diameters,
with the exception of the third metacarpal palmar dimension,
were larger for ad 1lititum-fed toars with the difference
significant (P < .01 to .10) Ly 295 d on test (takles 13 to
16; appendix figures 16 to 18). Correction for rody weight
differences reversed the energy level effects and produced
trends in favor of the limit-fed boars. Mineral-vitamin
level had no affect on shaft diameters.

Linear and quadratic regression coefficients did not
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differ with energy 1level (P > .10) for any of the thickness
measurements (tables 13 to 16; appendix figures 15 to <1).
However, palmar thickness of the third metacargal aand third
and fourth metatarsal tended to be greater for the lisit-fed
boars until approximately 200 to 250 d on test after which
the trend favored ad lititum-fed boars. 1The reverse cf this
was observed for the axial dorsopalmar thickness of the
third metacarpal and third metatarsal and for the abaxial
dorsopalmar thickness of the third and fourth metacargal.
Correction for body weight differences generally reduced the
magnitude of bomne wall thickness differences when the actual
difference favored ad likitum-fed boars and often prcduced
trends 1in favor of limit-fed Loars. When the actual
difference favored linit-fed boars, weight-correction
increased the magnitude of the energy level difference.

With a few exceptions the elevated wmimeral-vitamin
level bhad 1little affect on lFtone thicknesses. Falmar
thickness of the third metacarpal (F < .05) and fourth
metatarsal (P < .05) and axial dorsopalmar thickness of the
third metatarsal (P < .10) were larger for bLoars fed 150%
NRC mineral and vitamin recommendations. At a constant age,
differences (1008 minus 150% NBC minerals and vitamins) were
«002, -.011 and .042 for third metacarpal palmar thickness;

-.008, -.018 and -.028 for fourth =®metatarsal palmar
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thickness; -.005, -.013 and -.023 for third metatarsal axial
dorsopalmar thickness, respectively for 85, 190 and 295 d on
test. Little effect was observed as a result of ktody weight
correction, as body weights were similar.

A comparison Letween third and fourth metacarpal and
metatarsal weight, length, shaft diameter and wall thickness
is presented in table 17. Eone weight and length was
greater (P < .001) for metatarsals than for metacargals.
Likewise, outside bones (fourth metacarpals and metatarsals)
were heavier and lomger than inside bones (third metacarpals
and metatarsals). 1The magnitude of the difference, however,
was auch greater Lbetween nmetacarpals and aetatarsals taan
between inside and outside bones. The palmar dimension was
greater for metacarpals than metatarsals and greater for
outside bones than inside bones, while the reverse was true
for the axial dorsoralmar dimensiocn. These effects arreared
to be solely due to the fourth metacarpal which displayed a
greater palmar dimension and a smaller axial dcrsopalmar
dimension as compared with the other Lones. No difference
was apparent between metacarpal and =metatarsal atkaxial
dorsopalmar dimension, while this diameter was greater (P <
.001) for inside Lones than for outside Lones. Falmar
thickness was greater (P < .001) for outside Ltones than for

inside bones. Although palmar thickness was greater for



TABLE 17. WEIGHT, LENGTH, SHAFT DIAMETERS AND WALL THICKNESSES FOR THIRD
AND FOURTH METACARPALS (MC) AND THIRD AND FOURTH METATARSALS (MT) OF BOARS?

Item 3rd MC 4th MC 3rd MT 4th MT
Weight, go¢d 34.01 34.10 36.43 39.07
Length, cm®cd 8.48 ~ 8.60 9.19 9.82
. . bed

Palmar dimension, cm 1.65 1.78 1.67 1.65

Axial dorsopalmar dimension, cmde 1.91 1.83 1.95 1.93

Abaxial dorsopalmar dimension, cmCd 2.16 1.99 2.08 2.05

Palmar thickness, mmde 2.42 2.51 2.40 2.81

Axial dorsopalmar thickness, mmbd l.9é 2.19 1.98 1.75

Abaxial dorsopalmar thickness, mm‘Co 1.76 2.01 1.79 1.78

:Values are overall means.

cMetacarpal values differed from metatarsal values (P<.001).

dInside (3rd MC and MT) bones differed from outside (4th MC and MT) bones (P<.001).
Significant bone interaction (P<.001).

?Metacarpal values differed from metatarsal values (P<.0l).

Inside (3rd MC and MT) bones differed from outside (4th MC and MT) bones (P<.05).

86
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metatarsals than metacarpals, this result was primarily due
to the difference Letween the fourth metacarpal and fourth
metatarsal. The fourth metacarpal exhitited a thicker Lone
wall at the axial dorsopalmar and the akaxial dorsopalmar
positions as compared with the cther Lbones.

Mechanical characteristics.

Metacarpal and metatarsal treaking strength, stiffness
and flexural ©gsodulus iuocreased with age while Young's
modulus of elasticity exhibited a linear decrease with age
(tables 18 to 21; appendix fiqures 22 to 25).

Ad 1libitum feeding tended to [rroduce greater Ltone
breaking strength, stiffness and flexural modulus values at
295 d on test with no consistent affect at 85 and 190 d and
with the difference significant (P < .10 or .05) for the
fourth metacarpal and the third metatarsal (takles 18 to
21) . Young's modulus of elasticity was not significantly
influenced by energy level. Weight-correction reversed the
energy level effects and produced a consistent trend in
favor of 1limit-fed boars for bkreaking strength, stiffness
and flexural modulus while reducing the wmagnitude of the
difference between energy levels for Young's modulus of
elasticity. In general agreement with the present study,
Kesel et al. (1982) observed greater values for kcars on ad

libitum intake as compared with those on 75% of ad libitum



TABLE 18. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCE AT 85, 190 AND 295 DAYS ON TEST FOR THIRD METACARPAL
MECHANICAL PARAMETERS OF BOARS AD LIBITUM- OR LIMIT-FED

a
Days on test

Item 85 190 295

Breaking strength, gbc 879 + 209 2064 + 118 2656 + 121
Actual difference d -31 + 135 42 + 148 241 + 170
Weight-corrected difference -98 + 123 -182 + 135 -226 + 156

Stiffness, N/m (x10%)P® 34.0 + 9.7 91.5 + 5.5  108.3 + 5.6
Actual difference -3.1 +6.3 -1.8 + 6.9 5.2 +7.9
Weight-corrected difference -6.2 + 6.2 -9.8 + 6.8 -9.0 + 7.8

YME, Pa (x106)° 393 + 40 325 + 22 263 + 23
Actual difference -25 + 26 -37 + 28 =27 + 32
Weight-corrected difference -14 + 24 -16 + 26 8 + 30

2 -2 bef

Flexural modulus, Nm* (x10™°) 29.1 + 8.3 78.4 + 4.7 92.7 + 4.8
Actual difference -2.6 + 5.4 -1.5 + 5.9 4.4 + 6.8
Weight-corrected difference -5.3 + 5.3 -8.4 + 5.8 -7.7 + 6.7

3Mean body weight (kg): 43.4 and 41.7 at 85 d; 122.1 and 104.5 at (P<.01) 190 d; 180.2
and 131.7 at (P<.001) 295 d, respectively for ad libitum- and limit-fed boars
(linear age effect, P<.00l; quadratic age effect, P<.05; energy x linear age effect,
P<.001; energy x quadratic age effect, P<.05).

Linear age effect (P<.00l1). N = Newtons. Pa = Pascals.

Quadratic age effect (P<.10).

Differences are expressed as ad libitum-fed minus limit-fed. Actual differences are
unadjusted for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that which would have
been expected from treatment differences in body weight.

?Quadratic age effect (P<.01).

Energy x quadratic age effect (P<.10).

00T



TABLE 19. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCE AT 85, 190 AND 295 DAYS ON TEST FOR FOURTH METACARPAL
MECHANICAL PARAMETERS OF BOARS AD LIBITUM- OR LIMIT-FED

Days on test?

Item 85 190 295

Breaking strength, N°° 655 + 207 1771 + 114 2445 + 115
Actual difference d 80 + 131 183 + 143 289 + 162t
Weight-corrected difference 3 + 115 -95 + 127 -306 + 144%

Stiffness, N/m (x10%)°¢ 49.1 + 6.5 76.4 + 3.7 107.8 + 3.8
Actual difference -.1 + 4.2 3.6 + 4.6 11.5 + 5.3%
Weight-corrected difference -2.1 + 4.0 -6.1 + 4.4 -11.6 + 5.1%

b

YME, Pa (x106)°° © 371+ 31 276 + 17 253 + 18
Actual difference -10 + 20 -13 + 22 -6 + 25
Weight-corrected difference 3+ 17 3+ 19 -2 + 22

Flexural modulus, Nm2 (x10~2)°¢ 28.0 + 5.6  68.2 + 3.2 92.2 + 3.2
Actual difference -.1+ 3.6 3.1 + 3.9 9.9 + 4.6%
Weight-corrected difference -1.8 + 3.4 -5.2 + 3.8 -9.9 + 4.3%

:’*Energy effect (P<.10 and .05, respectively).
Mean body weight (kg): 43.4 and 41.7 at 85 d; 122.1 and 104.5 at (P<.01) 190 d; 180.2
and 131.7 at (P<,001) 295 d, respectively for ad libitum- and limit-fed boars (linear
age effect, P<.001; quadratic age effect P<.05; energy x linear age effect, P<.001;
energy x quadratic age effect, P<.05).
cLinear age effect (P<.001). N = Newtons. Pa = Pascals.
dEnergy x linear age effect (P<.05).
Differences are expressed as ad libitum-fed minus limit-fed.
Actual differences are unadjusted for body weight differences; whereas, the weight-
corrected differences measure the deviation of the actual treatment difference from
that which would have been expected from treatment differences in body weight.

10T



TABLE 20. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCE AT 85, 190 AND 295 DAYS ON TEST FOR THIRD METATARSAL
MECHANICAL PROPERTIES OF BOARS AD LIBITUM- OR LIMIT-FED

a
Days on test

Item 85 190 295
Breaking strength, gb‘:d 550 + 195 1868 + 116 2439 + 113
Actual difference e 128 + 130 217 + 143 229 + 159
Weight-corrected difference =27 + 125 -107 + 138 -240 + 153
Stiffness, N/m (x104)°f 41.6 + 8.6  80.1 + 4.9  110.0 + 5.0
Actual difference 3.9+ 5.6 7.3 + 6.1 9.3+ 7.0
Weight-corrected difference 1.0 + 5.0 -2.0 + 5.5 -9.5 +6.3
YME, Pa (x106)8 357 + 36 261 + 20 253 + 21
Actual difference -3+ 23 -15+ 25 -35 + 29
Weight-corrected difference 7+ 22 -1+ 24 -26 + 27
Flexural modulus, Nm? (x10~2)Pf 29.5 + 11.5  73.8 + 6.5 9%.4 + 6.7
Actual difference 7.7 + 7.4 11.9 + 8.1 10.3 + 9.4
Weight-corrected difference b4+ 7.0 3.5 + 7.7 4.4 + 8.9

8Mean body weight (kg): 43.4 and 41.7 at 85 d; 122.1 and 104.5 at (P<.01) 190 d; 180.2
and 131.7 at (P<.001) 295 d, respectively for ad libitum- and limit-fed boars
(linear age effect, P<.00l; quadratic age effect, P<.05; energy x linear age effect,
P<.001; energy x quadratic age effect, P<.05).

Linear age effect (P<.00l1). N = Newtons.

Quadratlc age effect (P<.05).

Energy x linear age effect (P<.05).

Differences are expressed as ad libitum-fed minus limit-fed. Actual differences are
unadjusted for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that which would

have been expected from treatment differences in body weight.

Energy x linear age effect (P<.10).

Linear age effect (P<.05). Pa = Pascals.

(408
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TABLE 21. PREDICTED MEANS AND ACTUAL WEIGHT-CORRECTED MEAN
DIFFERENCE AT 85, 190 AND 295 DAYS ON TEST FOR FOURTH METATARSAL
MECHANICAL PROPERTIES OF BOARS AD LIBITUM- OR LIMIT-FED

a
Days on test

Item 85 190 295
Breaking strength, §bc 387 + 192 1747 + 117 2071 + 109
Actual difference 4 =32 + 132 4 + 145 123 + 154
Weight-corrected difference -115 + 144 -170 + 141 -212 + 125+
Stiffness, N/m (x10%)°® 3.1 + 8.9 78.5 + 5.1 97.4 + 5.2
Actual difference -4.1 +5.8 -4.2 +6.3 1.1 +7.3
Weight-corrected difference -8.0 + 5.7 -11.0 + 6.2t -6.3 +7.2
TME, Pa (x108)78 299 + 34 274 + 19 232 + 20
Actual difference -12 + 22 -20 + 24 -19 + 28
Weight-corrected difference -4 + 21 -6 + 23 -5+ 26
Flexural modulus, Nm? (x10-2)°¢ 23.2 + 7.2 71.6 + 4.1 84.7 + 4.2
Actual difference -.6 + 4.6 .8 +5.1 4.8 +5.9
Weight-corrected difference -4.3 + 4.5 -5.8 + 4.9 -3.0 +5.6

'Energy effect (P<.10).

Mean body weight (kg): 43.% and 41.7 at 85 d; 122.1 and 104.5 at (P<.0l) 190 d;
180.2 and 131.7 at (P<,001) 295 d, respectively for ad libitum~ and limit-fed boars
(linear age effect, P<.001; quadratic age effect, P<.05; energy x linear age effect,
P<.001; energy x quadratic age effect, P<.05).

Linear age effect (P<.001). N = Newtons.

Quadratic age effect (P<.01).

Differences are expressed as ad libitum-fed minus limit-fed. Actual differences are
unadjusted for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that which would have
been expected from treatment differences in body weight.

Quadratic age effect (P<.10).

Linear age effect (P<.0l). Pa = Pascals.

Energy x mineral-vitamin x quadratic age effect (P<.05).
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intake when examined at an equal age but not when examined
at an equal body weight.

Elevated nmineral-vitamin 1levels generally increased
metacarpal and metatarsal breaking strength, Young's modulus
of elasticity, stiffmess and flexural modulus (takles 22 to
25) The fourth metacarpal aprpeared to ke less responsive
than the third metacarpal. Metatarsals appeared to ke more
responsive to elevated mineral-vitamin level than
metacargpals. Weight-correction increased the magnitude of
the mineral-vitamin level differences for breaking strength,
stiffness and flexural =modulus but had 1little effect on
Young's modulus of elasticity. The present study indicates
that the response of metacarpals to mineral and vitamin
levels above NRC recommendations is 1less dramatic tham that
of metatarsals. This is generally supported by the findings
of Kornegay and Thomas (1981) who reported that Ca/P levels
above NBC recommendations had no consistent effect on
metacarpal breaking strength cf growing boars, and that of
Nimmo et al. (1980a) who reported that elevated mineral
levels produced increased metatarsal breaking strength. In
contrast, Kornmegay €t al. (1981a) and Kesel et al. ({1982)
reported increased metacarpal breaking strength resulting
from 150% NBC Ca and P recomsendations. The 1lack of a

strong mineral-vitamin level affect on metacarpal or



TABLE 22, ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCES AT 85, 190 AND
295 DAYS ON TEST FOR THIRD METACARPAL MECHANICAL PARAMETERS OF
BOARS FED 100 OR 150% NRC MINERAL AND VITAMIN LEVELS

a
Days on test

Item 85 190 295
Breaking strength, N
Actual differenceP . 37 + 135 -33 + 148 -229 + 171
Weight-corrected difference -3 + 124 -90 + 135 -269 + 156t
Stiffness, N/m (x104)€
Actual difference -3.5 +6.3 -7.9 + 6.9 -12.5 + 7.9
Weight-corrected difference -5.0 + 6.2 -10.0 + 6.8 -13.8 + 7.8t
YME, Pa (x108)
Actual difference =24 + 26 -35 + 28 -26 + 32
Weight-corrected difference -19 + 24 -29 + 26 -23 + 30
Flexural modulus, Nm2 (xlO“z)C
Actual difference -2.9 + 5.4 -6.7 +5.9 -10.7 + 6.8
Weight-corrected difference -4.3 + 5.3 -8.6 + 5.8 -11.8 + 6.7t

:Mineral—vitamin effect (P<.10).
Mean body weight (Kg): 43.8 and 41.3 at 85 d; 115.2 and 111.3 at 190 d; 157.7 and
154.2 at 295 d, respectively for boars fed 100 vs 150% mineral and vitamin levels.
Differences are expressed as 100% minus 1507 mineral and vitamin level. Actual
differences are unadjusted for body weight; whereas, the weight-corrected differences
measure the deviation of the actual treatment differences from that which would have
been expected from treatment differences in body weight.
ineral-vitamin x linear age effect (P<.10). N = Newtons. Pa = Pascals.
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TABLE 23. ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCES AT 85, 190 AND
295 DAYS ON TEST FOR FOURTH METACARPAL MECHANICAL PARAMETERS OF
BOARS FED 100 OR 150% NRC MINERAL AND VITAMIN LEVELS
Days on testa

Item 85 190 295

Breaking strength, N

Actual differenceb 7+ 29 3+ 32 -24 + 36

Weight-corrected differenceb -9 + 26 -23 + 28 -38 + 32
Stiffness, N/m (x10%)

Actual difference -3.7 + 4.2 -4.0 + 4.6 .6 +5.3

Weight-corrected difference -5.3 + 4.0 -6.3 + 4.4 -1.2 + 5.1
YME, Pa (x10%)

Actual difference -9 + 20 -8 + 22 8 + 25

Weight-corrected difference -5+ 17 -2+ 19 10 + 22
Flexural modulus, Nm? (x1072)

Actual difference -3.1 + 3.6 -3.4 + 3.9 5+ 4.6

Weight-corrected difference -4.5 + 3.4 -5.4 + 3.8 -1.0 + 4.3

¥Mean body weight (kg): 43.8 and 41.3 at 85 d; 115.2 and 111.3 at 190 d; 157.7 and
154.2 at 295 d, respectively for boars fed 100 vs 150% mineral and vitamin levels.
Differences are expressed as 100% minus 1507 mineral and vitamin level. Actual
differences are unadjusted for body weight; whereas, the weight-corrected differences
measure the deviation of the actual treatment differences from that which would
have been expected from treatment differences in body weight. N = Newtons.
Pa = Pascals.
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TABLE 24. ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCES AT 85, 190 AND
295 DAYS ON TEST FOR THIRD METATARSAL MECHANICAL PARAMETERS OF
BOARS FED 100 OR 1507% NRC MINERAL AND VITAMIN LEVELS

a
Days on test

Item 85 190 295
Breaking strength, Nb

Actual difference® o -11 + 29 -38 + 32 -79 + 36%

Weight-corrected difference -19 + 28 -48 + 31 -82 + 34%
Stiffness, N/m (xlO")b

Actual difference -3.6 + 5.6 -8.0 + 6.1 -12.4 + 7.0%

Weight-corrected difference -5.3 +5.0 -10.4 + 5.5t -14.0 + 6.3%*
YME, Pa (x106)¢

Actual difference 7+ 23 -4 + 25 -37 + 29

Weight-corrected difference 10 + 22 0+ 24 -35 + 28
Flexural modulus, Nm2 (x10-2)€

Actual difference -7.7 + 7.4 -12.8 + 8.1 -13.0 + 9.4

+ 7.0 -15.0 + 7.7+ -14.4 + 8.9

Weight-corrected difference -9.3

*
t, Mineral-vitamin effect (P<.10 or .05, respectively).

3Mean body weight (kg): 43.8 and 41.3 at 85 d; 115.2 and 111.3 at 190 d; 157.7 and

154.2 at 295 d respectively for boars fed 100 vs 150% mineral and vitamin levels.

Mineral-vitamin x linear age effect (P<.05).

N = Newtons.

Differences are expressed as 100% minus 1507 mineral and vitamin level. Actual
differences are unadjusted for body weight; whereas, the weight-corrected differences
measure the deviation of the actual treatment differences from that which would have

been expected from treatment differences in
Pa = Pascals.
Mineral-vitamin x linear age effect (P<.10).

body weight.

LOT



TABLE 25. ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCES AT 85, 190 AND
295 DAYS ON TEST FOR FOURTH METATARSAL MECHANICAL PARAMETERS OF
BOARS FED 100 OR 150% NRC MINERAL AND VITAMIN LEVELS

a
Days on test

Item 85 190 295
Breaking strength, Nb
Actual difference® c -7 + 30 -25 + 32 -55 + 35
Weight-corrected difference -23 + 27 -46 + 29 -66 + 31%
yyd
Stiffness, N/m (x10%)
Actual difference 3.0 + 5.8 -2.5 +6.3 -18.1 + 7.3%
Weight-corrected difference 1.5 + 5.7 -4.5 + 6.2 -19.1 + 7.2%%
YME, Pa (x10%)°
Actual difference 14 + 22 -1 + 24 -50 + 28t
Weight-corrected difference 17 + 21 3+ 23 -48 + 26t
Flexural modulus, Nm? (x10'2)f
Actual difference -.5+ 4.6 -6.8 + 5.1 -19.5 + 5.9%%*
Weight-corrected difference -1.9 + 4.5 -8.7 + 4.9¢% -20.4 + 5.6%%%

T’*’**’***Mineral—vitamin effect (P<.10, .05, .01 and .001, respectively).

3Mean body weight (kg): 43.8 and 41.3 at 85 d; 115.2 and 111.3 at 190 d; 157.7 and
154.2 at 295 d, respectively for boars fed 100 vs 1507 mineral and vitamin levels.
Mineral-vitamin x linear age effect (P<.10). N = Newtons.

“Differences are expressed as 100% minus 1507 mineral and vitamin level. Actual
differences are unadjusted for body weight; whereas, the weight-corrected differences
measure the deviation of the actual treatment differences from that which would have
been expected from treatment differences in body weight.

eMineral-vitamin x linear age effect (P<.05).

fEnergy X mineral-vitamin x quadratic age effect (P<.05). Pa = Pascals.
Mineral-vitamin x linear age effect (P<.01).

80T



106

metatarsal elasticity in the present study agrees with the
findings of Kormegay et al. (1981a) but disagrees with those
of Kesel et al. (1982) who observed increased metacarpal
elasticity with elevated (150% NEC) Ca anmd F levels.
Metacarpal breaking strength was greater (P < .001)
than netatarsal breaking strecgth, while that of the inside
bones (third metacarpals and setatarsals) was greater (P <
«001) than for the outside bones (fourth metacarpals and
@aetatarsals) (table 26). The results for Young's modulus of
elasticity followed a pattern similar to that otkserved for
breaking strength. Stiffness and flexural modulus values

did not differ when metacarpals were cospared to

metatarsals, however, values for inside Lones sere
consistently greater (P < .0C1) than those fcr ocutside
bones.

Bone chemical composition.

Third metacarpal and metatarsal ether extract (27.85%)
and ash (62.16%) when examined across treatments were found
to not differ (P > .10) from fourth metacarpal and
metatarsal ether extract (28.31%) and ash (61.91%) values.
Therefore graphic representation of ether e€xtract and ash
values are by metacarpal and nmetatarsal only (appendix
figure 26).

Percentage ether extract displayed a linmear (F < .01)



TABLE 26. BREAKING STRENGTH, YOUNG'S MODULUS OF ELASTICITY,
STIFFNESS AND FLEXURAL MODULUS FOR THIRD AND FOURTH a
METACARPALS (MC) AND THIRD AND FOURTH METATARSALS (MT) OF BOARS

Item 3rd MC 4th MC 3rd MT 4th MT

Breaking strength, NO° 2145 1908 1921 1708

Young's modulus of elasticity, 309 208 270 260
Pa (x106)bc

Stiffness, N/m (x10*)€ 90.5 83.3 87.1 80.0

Flexural modulus, Nm?2 (x1072)€ 77.5 71.3 76.5 70.4

3Values are overall means.,
Metacarpal values differed from metatarsal values (P<.001). N = Newtons.

cPa = Pascals.
Inside (3rd MC and MT) bones differed from outside (4th MC and MT) bones (P<.001).

OTT
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decrease over time (table 27; appendix figure 26)}
Metacarpal ether extract was lcwer (P < .001) than that of
the metatarsal (25.00 vs 31.093%). Dietary mineral-vitamin
level did not affect the metacarpal and metatarsal ether
extract content. At a constant age, metacarpals and
metatarsals from ad libitum-fed boars tended to have greater
ether extract content as coampared with limit-fed boars with
the difference becoming significant (F < .05) bLy 295 4 on
test for the fourth metacarpal and fourth @metatarsal.
Correction for body weight differences had little affect on
the energy level differences. Kesel et al. (1982) reported
that metacarpal ether extract values were higher for ad
libitun-fed boars at 80 and 150 d of age and higher for
limit-fed (75% of ad libitum) boars at 220 d of age. In
further contrast to the presert study, Kesel et al. (1982)
observed greater metacarpal ether extract content of toars
fed 100% NRC Ca and P levels as ccmpared with toars fed 1503%
NRC reconmendations. Arthur et al. (1982L), however,
reported that feeding of restricted energy intake (75% of ad
libitum) or elevated Ca and E (150X NEC) during growth had
no effect on ether extract content of metacarpals or
metatarsals of sows following three parities.

Metacarpal and asetatarsal ash content increased (P <

.05) over time (table 28; appendix figure 26). Ash content



TABLE 27, PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCES AT 85, 190 AND 295 DAYS ON TEST FOR METACARPAL AND
OF BOARS AD LIBITUM- OR LIMIT-FED

METATARSAL PERCENT ETHER EXTRACT

a
Days on test

Item 85 190 295
Third metacarpal® _ 27.64 + 2.08 25.96 + 1.18  23.14 + 1.23
Actual difference o .36 + 1.35 1.16 + 1.47 2.34 +1.72
Weight-corrected difference .62 + 1.34 1.72 + 1.46 3.18 + 1.71¢
Fourth metacarpal® 26.50 + 2.01 24.92 + 1.16 23.75 + 1.18
Actual difference .75 + 1.31 2.00 + 1.44 3.62 + 1.66%
Weight-corrected difference 95+ 1.32 2,12 + 1.44 3.29 + 1.67%
Third metatarsal® 31.41 + 2.03 31.33 + 1.16  29.60 + 1.17
Actual difference .28 +1.32 94 + 1.44 1.95 + 1.65
Weight-corrected difference .40 + 1.31 1.25 + 1.43 2.46 + 1.64
Fourth metatarsal’ 34.53 + 2.17 32,02 + 1.23  29.94 + 1.26
Actual difference .05 +1.41 1.37 + 1.53 4.08 + 1.77%
Weight-corrected difference .63 +1.36 1.97 + 1.49 3.95 + 1.72%

:’*Energy effect (P<,10 and .05, respectively).
Mean body weight (kg): 43.4 and 41.7 at 85 d; 122.1 and 104.5 at (P<.01) 190 d;
180.2 and 131.7 at (P<.001) d, respectively for ad libitum- and limit-fed boars
(linear age effect, P<.001; quadratic age effect, P<,05; energy x linear age effect,
P<.001; energy x quadratic age effect, P<.05).

Linear age effect (P<.0l).

“Differences are expressed as ad libitum-fed minus limit-fed. Actual differences are
unadjusted for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that which would have

been expected from treatment differences in body weight.
JEnergy x linear age effect (P<.05).

Linear age effect (P<.10).
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TABLE 28. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCES AT 85, 190 AND 295 DAYS ON TEST FOR METACARPAL AND
METATARSAL PERCENT ASH FOR BOARS FED 100 OR 150% NRC MINERAL AND VITAMIN LEVELS

a
Days on test

Item 85 190 295
b
Third metacarpal = 59.57 + .64 62.14 + .36 62.29 + .37
Actual difference d -.51 + .41 -.58 + .45 -.03 + .52
Weight-corrected difference -.59 + .42 -.66 + .45 -.05 + .52
b
Fourth metacarpal 59.57 + .66 61.37 + .38 62.04 + .38
Actual difference -.80 + .43t -1.03 + .47% -.41 + .54
Weight-corrected difference -.84 + .44t -1.08 + .48% -.45 + .55
b
Third metatarsal®cf 59.78 + .76 62.71 + .43 63.07 + .44
Actual difference -.08 + .49 -.5% + .53 -1.39 + .62%
Weight-corrected difference -.15 + .50 -.63 + .55 -1.43 + .63%
Fourth metatarsal® 60.95 + .78 62.08 + .45 63.29 + .46
Actual difference -.21 + .52 -.25 + .56 -.05 + .64
Weight-corrected difference -.25 + .52 -.31 + .56 -.10 + .64

1~’*Mineral—vitamin effect (.10 and .05, respectively).

9Mean body weight (kg): 43.8 and 41.3 at 85 d; 115.2 and 111.3 at 190 d; 157.7 and
154.2 at 295 d, respectively for boars fed 100 vs 150% mineral and vitamin levels.
Linear age effect (P<.001).

Quadratic age effect (P<.05).

Differences are expressed as 100% minus 150% mineral and vitamin level. Actual
differences are unadjusted for body weight; whereas, the weight-corrected differences
measure the deviation of the actual treatment differences from that which would have
been expected from treatment differences in body weight.

Mineral-vitamin x linear age effect (P<.10).

Mineral-vitamin x linear age effect (P<.05).

d
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of the metacarpal was consistently lower (P < .001) than
that of the metatarsal (61.63 vs 62.4UR). Dietary energy
level had no significant (P > .10) effect on metacargal or
metatarsal ash content, therefore only values for dietary
mineral-vitamin level are presented (table 28). Ash content
was greater for the 1508 NBC @mineral-vitamin level as
compared with 100X KNRC recomamendations. The diftference
between dietary mineral-vitagin 1levels for the third and
fourth metacarpals and fourth metatarsal tended to increase
from 85 to 190 d on test and then decline to 295 d on test.
These mineral-vitamin level differences, however, were only
significant for the fourth metacarpal at 85 (P < .10) and
190 (P < .05) 4 on test. In contrast, the mineral-vitamin
level difference for the third metatarsal displayed a
consistent increase over time Lecoming significant (P < .05)
by 295 d on test. Weight-correction failed to affect
mineral-vitaain level differemnces. Kornegay et al. (1981a)
and Kornegay and Thcmas (1981) cbserved that boars fed diets
containing Ca and P levels 1in excess of NRC recoammendationmns
produced metacarpal and mardiitle bone ash values which
increased inconsistently uith the magnitude of the increases
being small. In contrast, linear increases in percentage
ash of femurs and metatarsals of growing bLoars has Lkeen

reported by Nimmo et al. (19€Cb) as dietary Ca and P levels
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were increased frcm 100 tc 200% NBC recommendations. Resel
et al. (1982) regorted that elevation of Ca and P levels
(150% NEC) produced increased metacarpal ash only in the
early growth of the Lkoar.

The effects of dietary energy and mineral-vitaain
levels on the mireral cosposition of the third and fourth
metacarpals and metatarsals are presented in appendix takles
4 to 11. Statistical analysis revealed no significant (P >
- 10) difference bLetween third or fourth metacarpal or
metatarsal mineral values and few effects due to dietary
treatment, therefore overall ash mineral content has Leen
represented graghically (figures 1 and 2). Calcium ccantent
of bone ash generally increased with age. With the
exception of the fourth metacarpal, ash Ca conteunt tended to
be higher for the 150X NRC mineral-vitamin level as ccapared
with 100X NBC 1levels, however, this difference vwas
significant (P < .01) only for the third metatarsal at 85
and 190 d on test. Phosphorus, as a percentage of Lone ash,
did not significaatly change as age increased.
Additionally, no comnsistent dietary energy or Rmineral-
vitamin trends were apparent for bome F. This resulted in a
bone ash Ca:P ratio which tended to increased with age.

The bone ash content of Mg, Cu, 2Zn, Fe and Mn decreased

with age and may in part result from a dilution effect



Carvs -4 L

L MmO Ime

116

1S. 54
CALCIUM IN ASH i
]
31.3= 1S.4=
M ] P = 164.357 + .00138T
10.53 j
i A = 27,390 + .00S47T 15.34
0.0= %
o 2 15,22
<9.:-i H 1
29,02 £ 151l
: N
; o]
ze.3
<T 1s.04
28.3<
1 1494
27.3= i
1 ]
1 i
27.0= 14,34
MAGNESIUM IN ASH
CALCIUM TO PEOSPHGORUS RaTIO msﬁ?
2,300+ 0.300%,
; :
1.3752 9.7754
: i
L3502 a.7s05 D
i s ]
1.325= T g.725=
i g 1
1.300< $ Q.7004
N 3
S T el
L.373 3.575=
: 3
' hy as _', -
L-3%07 aur7o - 1.365 + .00031T ﬂ.=~03 . 2
: { w6 - 374 - 002517 + .0000048T"
13255 9.525=
i :
1.300- G.SGG-‘
SRR O N G v@zzzzzg2i . tititiiliizzgziiil z
3§01 2333 i13331234331%3 :
2 $3IITTISTSTITIITITZT T TS ST OSSO $ 3T TS TSI T T OGS
CAYS N TIIT
Figure 1. Metacarpal and metatarsal calcium, phosphorus, magnesium

and calcium to phosphorus ratio for boars fed two energy
levels (ad libitum vs limit) and two mineral and vitamin
levels (100 vs 150% NRC). Overall means and prediction
equations are presented.
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Figure 2. Metacarpal and metatarsal copper, zinc, iron and
manganese for boars fed two energy levels (ad libitum vs
limit) and two mineral and vitamin levels (100 vs 1507%
NRC). Overall means and prediction equations are presented.
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caused by the increasing Ca content of bone ash. Several of
the trace minerals are involved 1in enzyme systems essential
for bone growth and development (Maynard and Loosli, 1975;
Pike and Brown, 1975; Scott €t al., 1976; Underwvccd, 1377).
The reduced trace mineral content of bomne ash may therefore
reflect a reduced need for these &@minerals as the bone
matures and growth rate decreases.

In agreement with the present study, Fond et al. (1975,
1978) reported that feeding grcwing-finishing pigs Ca and P
levels above those recommended by the NRC had no effect on
the Ca content of radius-ulna ash. Stockland and Blaylock
(1973) similarly okserved no effect on Ca and P content of
metacarpal and turbinate ash as a result of elevated dietary
Ca/P levels. Kesel et al. (1982) reported that growing
boars fed 100 or 150% NRC Ca and F recommendations had
elevated Ca content of metacarpal ash on the high Ca/P diet
in early growth with effects no longer apparent as the Loars
matured. Kesel et al. (1982) further okserved no effect of
dietary mineral level on bone F coantent.

Horn chemical composition.

Dietary mineral and vitamin levgl bad nc effect on horn
composition. The effect of energy intake is presented in
table 29 and aprendix figures 27 and 28.

Horn dry matter increased both linearly (P < .001) and
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TABLE 29. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCES AT 85
190 AND 295 DAYS ON TEST FOR HORN CHEMICAL COMPOSITION OF BOARS AD LIBITUM OR LIMIT-FED

a
Days on test

Item 85 190 295
Dry matter, 2°°¢ 70.33 + .46 76,91 + .26 75.76 + .27
Actual difference .46+ .30 64+ .32% .39 £+ .37
Weight-corrected difference® .18 + .30 .09 + .33 -.33 + .38
Ether extract, Zf .61+ .45 1.70 + .12 1.73 + .13
Actual difference -.07 + .16 -.03 + .17 .16+ 18
Weight-corrected difference -.06 + .16 -.02 + .17 .17+ .18
ash, %8 3.44 + .60 1.3 + .17 1.83 + .29
Actual difference .03 + .20 .05 + .19 .08 + .28
Weight-corrected difference -.06 + .18 01 + .16 .16+ .24
Calcium, %3 167 +  .010 .160 +  .005 .169 +  .005
Actual difference -.016 + .006** -.021 + .007%** -.012 + .007*
Weight-corrected difference -.016 + .006** -.020 + .007%** -.006 + .007
Phosphorus, 7090 118 + 006 .061 + .003 .105 +  .003
Actual difference .002 + .003 -.001 + .004 -.008 + .004%+
Weight-corrected difference .002 + .004 -.003 + .004 -.016 +  .004***
Magnesium, %71 .023 + .00l 022 +  .001 022 +  .001
Actual difference -.001 + .00l -.002 + .001% -.002 + .001l%
Weight-corrected difference -.001 + .001 -.002 + .001+ 0+ .001
Copper, ppn®™ 5.3 + .27 4.62 + .14 4.51 + .13
Actual difference 05 + .16 -.05 + .17 -.32 + 18 +
Weight-corrected difference .08 + .16 10+ .17 .02 + .18
Zinc, ppm" 128.10 + 9.01  144.13 + 4.54  158.95 + 4.22
Actual difference 31 + 5.91 2.05 *+ 5.72 5.28 + 5.96
Weight-corrected difference -2.88 + 5.27 -3.62 * 5.81 -1.25 + 6.05
Iron, ppm® nK 198.91 +17.25  107.49 + 8.73 73.39 + 8.02
Actual difference 20.70 + 9.98%* 15.86 + 11.00 -22.58 +11.33 *
Weight-corrected difference 36.25 + 9.61***  40.04 + 10.59 *** -1.48 + 10.91
Manganese, pom bhi 2.38 + .34 2,49 + .17 1.74 + .16
Actual difference .03 + .19 -.17 + .21 -.65 4+ .22 **
Weight-corrected difference .10 + .19 A2 + .21 .01 + .22

f’*’**’***Energy effect (P<.05, .0l and .001, respectively).
3Mean body weight (kg) was 43.4 and 41.7 at 85 d; 122.1 and 104.5 (P<.001) at 190 d;
180.2 and 131.7 (P<,.001) at 295 d, respectively for ad libitum and limit-fed boars
(linear age effect, P<.00l; quadratic age effect, P<,001l; energy x linear age effect,
P<,.001; energy x quadratic age effect, P<,001).
CLinear age effect (P<.001).

Quadratic age effect (P<.001).

Energy x linear age effect (P<,10).

Differences are expressed as ad libitum-fed minus limit-fed. Actual differences are
unadjusted for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that which would have
been expected from treatment differences in body weight.

Quadratic age effect (P<.05).

Linear age effect (P<.0l).

.Percent of ppm of dry matter.

.Energy x linear age etffect (P.<0l).
kEnergy X quadratic age effect (P<.10).

Energy x quadratic age effect (P<.05).
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gquadratically (P < .001) over tigme. Percentage dry matter
was greater for ad libitum-fed Loars than for 1limit-fed
boars with this difference most prominent (E < .05) at 190 d
on test. Xeight-correction tended to reduce the energy
level differences at 85 and 190 d on test and reverse tkhe
direction of the effect at 295 d on test. Ether extract
content of the hormn increased quadratically (P < .05) over
time with a large increase frce 85 to 190 d on test and auch
less increased from 190 to 295 4 on test. Examination of
actual or weight-corrected differences yielded no
significant energy level effects.

Horn ash content displayed both linear (P < .01) and
quadratic (P < .05) age effects. Ash content was greatest
at 85 d on test with a dramatic decrease by 190 d on test
followed by a small increase to 295 d on test. LCietary
energy level failed to alter percentage ash content cf the
horn.

Mineral content, expressed as percentage or prm cf dry
matter, differed for each mineral examined. Horm Ca and Mg
content did not change over time while linear decreases were
noted for Cu (F < .01) and Mn (P < .001) content and a
linear 1increase was noted fcr Zn (P<.001). Linear and
quadratic changes over time were evident for P and Fe

content. Phosphorus content decreased from 85 to 190 d on
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test followed by an increase to 295 d on test, vhile Fe
decreased throughout the study. With the exception cf 2n,
limit feeding tended to ipncrease the mineral content of the
horn dry matter with this effect generally significant by
295 d on test. Ad libitum feeding tended to produce greater
Zn values, however large variation prevented significant
effects fromn being okserved. Weight-correction generally
reduced the magnitude of the energy 1level differences
removing the significant differesnces seen at 295 d con test
for Mg, Cu, Fe and Mn. Keight-correction had less of an
effect on Ca and P content indicating that restricting
energy intake can truly result in increased Ca and F content
of the horn.

With the exception of Ca ccntent, the mineral content
of the horn obtained in the [present study is in close
agreement with that reported Ly Kovacs and Szilagyi (1973).
The Ca level observed in the present study was sukstantially
higher (.165 vs .100%) than determined Ly Kovacs and

Szilagyi (1973).



Chapter V
INTERRELATIGNSHIES OF VABIOUS FGCGT AND LEG
MEASUREMENTIS AND BONE CHARACTIEEISTICS OF
GROWING BOARS FED IWC LEVELS CF ENERGY

AND TWO LEVELS CF MINERALS AND VITAMINS

Sumpary

The results of a study to examine the effects of
dietary energy level {ad libitum and 75% of ad likitum) and
mineral-vitamin intake (100 and 1508k of the VNational
Research Council recommendations) on foot and leg
development, incidence amnd severity cf foot 1lesions,
structural soundness scores and metacarpal and nmetatarsal
characteristics were used tec determine correlation
coefficients for these various characteristics. Correlation
coefficients for foot and leg characteristics Were
determined at 35 (0 d on test), 122 (87 d on test), 209 (174
d on test), 290 (255 d on test) and 330 (297 d on test) d of
age to examine changes which cccur over time. Fcot and leg
measurements were positively correlated to each cther
initially (0 d on test) with the correlation coefficients
and significance levels increasing by 87 and 174 d on test.
Examination of values at 255 and 295 d on test revealed a

dramatic decrease in the eagnitude and significance of

122
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correlation coefficients and the f[freseunce cf several
negative values. This result is 1indicative of a similar
growth pattern for foot and 1leg charactistics early in
growth which ©becomes more divergent as the boar matures.
Structural soundness scores taken at 87 anpd 255 d on test
indicate trends towards improved structural soundness with
longer 1limb bomes and larger foot measurements. Little
relationship was evident Letween toe area cr volume and the
incidence of foot lesions particularly as the boar matures.
The Ca content of bone ash was generally positively
correlated to bone dimensions while F content of Lone ash
had little effect. The Mg and trace mineral (Cu, Zp, Fe and
Mn) content of bone ash were negatively correlated to Lone
size. Metacarpal and metatarsal dimensional characteristics
exhibited strong g[positive <correlation to Lone treaking
strength, stiffness, and flexural modulus and coansistent
negative correlation to Young's modulus of elasticity (IME).
Negative correlations were evident between Lkone ash and YME
while all other mechanical characteristics were positively
correlated to bone ash. The results indicate that increased
Ca content of bone ash results in a larger bone and greater
breaking strength. Strong positive correlations Letween
breaking strength and stiffness and flexural modulus,

however, 1indicate a reduced ability of the tone to ktend as



breaking strength is increased which may not te advantageous

under normal environmental cornditioans.

Introduction

In order to better understand the effects of altering
dietary intake on growing koars it is essential to study the
interrelationships among the various characteristics
examined. This gprovides the ofpportunity to deterasine if
alteration of a given characteristic through dietary
intervention may result in desirable or undesirakle chamnyes
in other related characteristics.

Arthur et al. (1982b) 1reported that foct and 1leg
measurements of sows sere generally positively correlated to
one another, but were gemerally unrelated to the incidence
of foot lesions. In contrast, Penny et al. (1963) and
Newton et al. (1978) demcnstrated a positive relaticnship
between the size of the toe and the development of foot
lesions, 1indicating the possibility of a larger toe Lteing
more prone to lesion development.

Cromwell et al. (1972) observed a positive correlation
between metacarpal breaking strength and bone weight, Lut
found no relationship between metacarpal ash content and
bone tkreaking strength. Similar results have bLeen reported

in metacarpals bty Kormegay et al. (19€1b) and in the femur



by Schroeder et al. (1974) . Arthur et al. (1982L) regorted
that metacarpal and metatarsal weight was negatively
correlated to bone elasticity while a positive relaticmoship
existed between bone breaking strength, stiffness and
flexural modulus.

The objective of the research reported herein was to
determine the interrelationships ketween various foct and
leg characteristics, to examine changes in the relaticnships
over time and to examine the interrelationships between tone
measurements, mechanical characteristics and chemical

composition.

Experimental Erocedures

Data on foot and leg characteristics and metacarpal and
metatarsal characteristics were ottained Ly the experimental
procedures previously described (Chapters III amnd 1IV).
Residual correlation coefficients were determined for these
parameters after adjusting for treatment effects.
Correlation coefficients agong foot and 1leg means were
determined at each of the four live animal nmeasurement
periods (0, 87, 174 and 255 d on test) apnd at the fimal
necropsy period (297 d on test) to examine charges in
correlation coefficients over tinme. Necrogsy values

occurring between 131 and 174 4 on test or Letween 215 and



255 d on test were inmcluded with the live animal values at
174 and 255 d on test, respectively. Correlations among
bone characteristics at necrogpsy were calculated separately

for each bone.

Kesults and Liscussion
Foot and leq correlations.

During period ope (0 d on test) foot measurements were
generally positively correlated (P < .05 to .01) to one
another (table 30). Hind foot toe width appeared 1less
highly correlated to front and hind horn height and toe
length than was apparent for the other toe @measurements.
Metacarpal length was not significantly correlated tc toe
width or horm length while &metatarsal 1length displayed
consistent correlation with tce width kut not with other toe
measuremeats. The 1length o¢f the wulna and tibia and
circunference of the front and hind limks vere positively
correlated to the fcot measurements. Significant (P < .095)
positive correlations were evident for metacarpal and ulna
lengths and for metatarsal amd tibia 1lengths. Similarly,
metacarpal, metatarsal, ulna and tibia lengths were
positively correlated to circusference of the front and hind
limbs.

Changes occurirg during period two (87 d on test) were



TABLE 30.

PERIOD ONE CORRELATION COEFFICIENTS FOR FOOT AND LEG MEASUREMENTS

OF BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS&D

F1I F10 H1I H10 F21 F20 H21 H20 F31 F30 H3I H30 F41 F40 H4T H40 MC MT Ulna Tibia CIRCF CIRCH
F11 1.0 .53** 21 L25% L 29%% (225 23% .21 LJ29%%  24% (224 (30%% | 23% L27* .20 L34%% .08 .06 L28h%  30%k J4hk L 24%
F10 1.0 L24% J36K%  28A%  J1Rkk 22k 4% .26% .16 .20 L37%% 21 L33k 5% .28*%*% .03 .07 BT L I VL L) L L D Lo
H1I 1.0 L68x%  24% L23% .30** .03 JLT7Rx 49xx 36 R%  3BAK 49k 4]Ak 27Kk 2% .08 0 .26% Jalkx 16 .20
H10 1.0 LI5%K 44Rk 32k 16 LS2%k S4%k L6rk 55%k  G2hk 55Kk L7kk 42%% 20 .21 49Kk S0kR 29Kk L L40**
F21 1.0 JS6RR 45hk 26% LIS EL B R ST YA L B VA L B /L L B I L L S ) L e V) L35kk SORK  JL Rk J6kk L L0R%
F20 1.0 LU2%% 50%% J7Ak S52kk LBkk  50%k 27% L38xk  52%%  56%%x .20 L3LRR SORK 40K %  4]kk L50%*
H21 1.0 L29%% 17 L30%% 21 L24% 15 .20 L24% .20 .07 L24%  37A% 31Kk 49ak LABRX
H20 1.0 .12 .21 .05 LI5%% 19 .18 .20 LL2%% 16 AL LU T L kLU VA
F31 1.0 LT9%k 64k 69%k 59%k  fIkk G5k 56k%  26% .14 L60%*  3gaR 40Kk LA6**
F30 1.0 L63%k  J3kk 524k 60%k%  60%*  60*%* ,29*%x 18 J52%k  40%%x 5% L4Bx*
H3I 1.0 LTARK 48R % 54Kk 63A% 55Kk 16 .14 LWBRx27% .20 <36 x*
H30 1.0 LS55k 66%%  65%% 71*%x 20 J23% L60%k  36kk 39Kk A5kK
F4l 1.0 L78%%  63%%  56%%  28*% 15 YT LI D EL B kL LR Ul
F40 1.0 L69%k 62xk 29%k 14 L53%kk 30kk  S)kk 53Kk
H4L 1.0 LTk 24% 18 YL LL S LI X L
H40 1.0 .17 .17 JS52%% 27% R LU 1 L
MC 1.0 .28%% . 24% 20 . .25%  ,4O**
MT 1.0 JA3Rkk 238 L36rk  39%%
Ulna 1.0 LATRR 50%% 67*%
Tibia 1.0 .22% R YA
CIRCF 1.0 L58k%
CIRCH 1.0

aMeasurements taken at initiation of dietary treatments.

Values for front and hind inside and outside horn length (F1I, F10, H1I and H10), front and hind inside and outside toe width (F2I, F20, H2I

and H20), front and hind inside and outside horn height (F3I, F30, H3I and H30), front and hind inside and outside toe length (F4I, F40, H4I

and H40), metacarpal (MC) and metatarsal (MT) length and front and hind limb circumference (CIRCF and CIRCH).

*(P<.05).
*%(P<.01).
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not pronounced although correlation coefficients and
sigynificance levels 1increased in several cases (takle 31).
Little correlation was seen lLetween hind cutside horn height
or hind 1inside toce 1length and any of the toe width
measurements. Metacarpal correlation coefficients increased
at period two becoming significant (F < .01) for all toe
measurements. Metatarsal length correlaticn ccefficients
were significant (P < .05 to .01) for all toe measurements
with the exceptiocn of front outside horn 1length, hind
outside horn 1length and hind outside horn height.
Correlations betwueen ulna and tibia 1length and toe
measurements rerained relatively uachanged from periocds one
to two although individual values increased or decreased
slightly. Correlations Letween front limb circumference and
foot measurements increased (FE < .01 in most cases). This
was not true for hind 1liabk circumference for which
correlation coefficients were reduced dramaticallye. This
effect was particularly evident for horn 1length and horn
height. Correlations between bone lengths were generally
increased ty period two. Ccrrelation c¢f Lone 1lengths to
front liamb circumference increased while those for hind limb
circunference were less affected and 1in Scme cases
decreased.

By period three (174 d on test) correlations Letween



TABLE 31. PERIOD TWO CORRELATION COEFFICIENTS FOR FOOT AND LEG MEASUREMENTS AND SOUNDNESS
SCORES OF BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS?

F1I  F10 H1I H10 F21 F20 H2I H20 F3I F30 H3I H30 F41 F40 H4T H40 MC MT Ulna Tibia CIRCF CIRCH
F11 1.0 .61*k [ 59k%x  _47kk 4Bk Jokk  J4kk  J5kk 52kk 52k J6kk  JLAk  p)ak  _L0kk  40%k Jerh JJAk JORA 28Kk JoAK LSRR 94k
F10 1.0 L5240k 43%k 36k k 35Kk 4Rk 26Kk [2A% L1k 324k J0RR 2%k J5kA Q3% .21 L42%% 18 L24% .17 L30%% .21
H1l 1.0 LS54%% 26*% 21 B L L I (L B T. LS e AL B L B VL L Y S L B V'L L B UL L O T L L BN 1. L S € ) .21 .37%% .08
H10 1.0 .20 L24% 20 LU5KR 27 L24% JL0* L24% R YA LB LL N ¥ 2 R UL I .21 L25% L22% 27 .09
F21 1.0 NCL LIS L S S YL A L 2. LL B U] LA7xx (3745 10 .10 LS0%* 43Rk 41Kk 55Kk 56kkx  ,26%
F20 1.0 LA LUK 'L L N Y A S YA .07 /R LLIN) LS ¥ W27 LS3%%  45%%k  52kk  50%% 57kx .19
H21 1.0 LATRR 28K % 26% .17 .10 LATRx 37A% 10 .10 L42%% LO*K 45k% 53kk  S56kkx | 26%
H20 1.0 L33R% 24k .19 .05 7% 54%% (18 J34kk 52Kk 59Kk S4kk 4Qkk  plAk  31h%
F31 1.0 LT6RR L9Rk 55kk 50A% QAR 984 L28KK 40**  3FAk 42%kk  37kk 32kk 14
F30 1.0 63k G2Rk 63%k SRR L3RR LTRK _L5%% 22% 4Rk L1kx 40%*x .17
H3I 1.0 LTSRR LORK 47K % 41Kk SORK L0K% | 33Ak 42kk  37kx 32kx 14
H3o 1.0 L35A% 31A% 34k 40%% 29%% Q7 .26% .16 J24% L 25%
F4l 1.0 LT9KK 49Kk 45Kk S0kk 47kk  39kk  50%kkx  55%%x 23
F40 1.0 LASKE ShkR LBRk 49kR _42%k  L0kk 5]kkx | 23%
H4T 1.0 L65%%  (3TRx 22% L25% .15 L35k% L 26%
040 1.0 J34Rk 25% .28% .15 J36xx .17
MC 1.0 JA2KK LBRR L4%kk 63kk IRk
MT 1.0 JAlkR 34%k 50%x% 18
Ulna 1.0 52Kk 54k 3Rk
Tibia 1.0 L61%% .20
CIRCF 1.00 LS0**
CIRCH 1.0
o}

a
Measurements taken and structural soundness scores assigned at an average of 87 d on test.

Values for front and hind inside and outside horn length (F1I, F10, H1I and H10), front and hind inside and outside toe width (F2I, F20, H2I
and H20), front and hind inside and outside liorn hefght (F3I, F30, H3l and H30), front and hind inside and outside toe length (F4T, F40, H4I
and H40), metacarpal (MC) and metatarsal (MT) length, front and hind limb circumference (CIRCF and CIRCH) and average committee score (CS).

*(P<.05).
A% (P<.01).
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all foot measurements, bone lengths and limk circuuferences
increased so as tc produce highly significant (F < .01)
values (tatle 32).

Correlations which were prevalent during the first
three periods were radically reduced ty pericd four (255 d
on test; table 33). Several negative values were evident
particularly for correlations of horn length or tce width
with horn height. Correlations between bone length and foot
measurenents were generally reduced to non-significant
levels with only horn height displaying significant pcsitive
correlations with metatarsal, tibia and ulna length.
Relatively consistent negative correlaticns can be noted for
horn length and tibia length, and for horn height and
metatarsal length. Metacarpal and metatarsal lengths were
significantly (P < .05) correlated to front amnd hind limb
circunference, respectively although no such effect was
evident for ulna and tibia length with leg circumference.

By period five (267 4 on test), correlation
coefficients and significance level had reduced even further
(table 34). Few significant correlations tLetween foot
measurements were seen with no consistent [fattern evident.
Likevwise, correlations Letween bone lengths and foot
measurements were low with several negative values evident

particularly between bone 1length and horn beight or toe



TABLE 32.

PERIOD THREE CORRELATION COEFFICIENTS FOR FOOT AND LEG MEASUREMENTS

OF BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS®

F11 F10 H1L H10 F21 F20 H21 H20 F31 F30 H31 H30 F41 F40 H4l H40 MC MT Ulna Tibla CIRCF CIRCH
F11 1.0 .Bl**  69%%x  63kk  S4kk  p4hk SRk 45Kk Sekk  SBRR  G0kk 6Ok J4kA  J1Ak  GTxk  60A% 53K S1AR 43Kk 52Kk STkE H2NX
F10 1.0 L6TR%  6O*%  SO0Ak 63Kk SOk S2kk  _63Ak 65Kk SIAK 5Lk TRk JBKA  G6k*  _60KK 526K LBAX  41Ak  S4rk Sk LATR*
H1l 1.0 LTLAR STRR G1Ak 62Kk 52Kk LBAR  43XA SRR _46Ak 624k GLA% T4k _6BAR  ATkk 32Kk 63kA  58Ax  5Tak L 5BAX
H10 1.0 LShRR 60K A L3Rk T1AR SLAK LQkk 3Rk S1AK  GlRk 65Kk JOAK  J1AK 46Kk 41Rk S4kk 52kk  57kk L 4TK%
F21 1.0 T LA L L T L N T L L TS S LA T LU VA LB T L LA T LY L 2 1 L57kk S1hk JThk gTk%x 55K
F20 1.0 L67R%  S9Rx  SBRA  50k%k  SIAk  LTAx 66Kk _JORK 6lh*  SThk  S4%kk  S2KkA  4TAk  JoRk 65Kk 58%x
H21 1.0 LATR% 38R A 42kk LOAK 37Kk Kk 62rk  SBAR L4kk L6kk  J4kk L0%k  20% L59%k 57k
H20 1.0 LS1A%x  S3kk S5k Sak  SShk  63hk  EBRkR T4k 5QkA  LBAk STk SRk f4kk . 55k%
F31 1.0 LB2K%  S2kk  S1Ak  g5kk 66k S0KA  STAR 52Kk 59Kk LKA LEKK  LBKkk 39Kk
F30 1.0 LSSAR  60Rk  GlAR  6Thk 45kk  6Qkk  SBAR  STAR  _LL4kk 46RK 47Kk 3TR*
H31 1.0 L824 S7Tkk 55Kk JOK*  69kk LT kk  S]Ak  SOAR  S1kk  4ekk 43Rk
130 1.0 LS6k%  S5k%  63kR SQhk  LSkk  5SAk  _ALkk 49Kk 47Kk L45%*
Fal 1.0 RIS ST YL LR EL A LN AL Y Y L LI Y L LD L
F40 1.0 LT3RR 63Kk SBRR 45kk 43Rk LLkk 6Kk L 4B**
H4l 1.0 L8Rk S4kk J4kk SLAK SL4kk g3kx L 5TR*
H40 1.0 L60%*  _48kk  SBRK  6TKA _GON* .6)**
MC 1.0 L39%% 60Kk SOKK STAR L 5Fkk
MT 1.0 L9RR L3RK LKk LTRE
Ulna 1.0 L65KK  62%%  .61**
Tibia 1.0 RALLIS 3 Ll
CIRCF 1.0 LT6%%
CIRCH 1.0

aMeasurements taken at an average of 174 d on test.

Values for front and hind inside and outside horn length (FlI, F10, H11 and H10), front and hind inside and outside toe width (F2I, F20, H2I

and H20), front and hind inside and outside horn height (F3I, F30, H3I and H30), front and hind inside and outside toe length (F4I, F40, H4I

and H40), metacarpal (MC) and metatarsal (MT) length and front and hind limb circumference (CIRCF and CIRCH).
*(P<.05).
*%(P<.01).
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TABLE 33. PERIOD FOUR CORRELATION COEFFICIENTS FOR FOOT AND LEG MEASUREMENTS AND SOUNDNESS
SCORES OF BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS3D

F1I F10 H1I H10 F21 F20 H21 H20 F31 F30 H3T H30 F4l F40 H4I H40 MC MT Ulna Tibia CIRCF CIRCH (S
F11 1.0 .39% .24 395 47k 42%%x 3] .38 .27 .15 .09 .15 .14 L40* .16 .29 Slrx 30 .35% .26 .53%*% .29  -.28
F10 1.0 L35% .24 13 .24 .33 .23 -.02 -.06 -.20 -.09 .23 L46r% 09 .18 .08 .25 14 -.03 .16 .18 -, 704
H1I 1.0 J41% (17 -.06 .50%* .18 -.,001 -.02 .15 .29 -.01 .10 Ja5%% 27 .11 .22 .25 -.13 .29 L40x -3y
H10 1.0 .21 .30 .20 A2%% - .02 .05 .12 .25 -.05 LJ34% L34 56%%x 29 50%% .27 -.06 L37% .39%  -.38
F21 1.0 L41% 40 20 -.10 -.01 -.04 -.04 -.17 .14 .02 .07 .19 L35% .19 .09 L59%%  35*% - 18
F20 1.0 .28 .27 .27 .36% .25 .18 .30 .63%% - .03 L35% L34* .08 .22 .28 J46%% 23 - 16
H21 1.0 .32 .17 17 =022 -.07 .004 .30 .13 -.06 .19 .30 .17 .11 L35% J55%% -, 20
H20 1.0 .27 .21 .02 .16 .19 .21 .13 .30 .31 .18 L35% .30 .39% L40% - S8
F31 1.0 LJISKE L Tkk 58kk 58kk  40% .23 .13 Shrk - 22 L34% JASkR 374 .15 -.10
F30 1.0 JAS5kk 504k 50%% 35% (09 .10 .31 -.31 .25 .21 .19 .02 -.03
H31 1.0 A LLEEY L LIS 0 L37% JA5%K 33% - 364 .33% J37% .29 A3 -.04
H30 1.0 L34% .05 .32 JS53%% 55%% — 14 L62%%  51kk  _45%%x 16 -.05
F41 1.0 JS52%% 29 .26 23 =25 -.01 .20 .09 06 -.34
F40 1.0 .19 A2%% 3] .15 .11 .12 .27 14 - 48%
H4I 1.0 .35% .03 -.002 -.05 -.12 .23 .27 -.04
H40 1.0 .30 .02 L4329 .35% 08 -4k
MC 1.0 .15 S6kk 554k 53a%  33x - 2]
MT 1.0 .05 -.18 .25 .31 -.)6
Ulna 1.0 JT25k 54k 22 - 43%
Tibia 1.0 JA3R% 21 -032
CIRCF 1.0 J65%% - 28
CIRCH 1.0 -.34
Ccs 1.0

2Measurements taken and structural soundness scores assigned at an average of 255 d on test.

Values for front and hind inside and outside horn length (F1I, F10, H1I and H10), front and hind inside and outside toe width (F2I, F20, H2I

and H20), front and hind inside and outside horn height (F3I, F30, H3I and H30), front and hind inside and outside toe length (F4I, F40, H4I

and H40), metacarpal (MC) and metatarsal (MT) length, front and hind 1imb circumference (CIRCF and CIRCH) and average committee score (CS).

*(P<.05).
*x(P<.01).
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TABLE 34. PERIOD FIVE CORRELATION COEFFICIENTS FOR FOOT AND LEG MEASUREMENTS
OF BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS3b

F1I  F10 H1I H10 F2I F20 H21 H20 F3I F30 H3I H30 F4l F40  H4I H40 MC MT Ulna Tibia CIRCF CIRCH
F11 1.0 .62* .25 L44 .48 .26 .48 -.32 .31 .12 .17 .28 J12% .20 .26 -.18 LI5%* 13 150 -.29 .18 -.15
F10 1.0 JI1% L 70% .58 .56 .55 .10 .06 L2607 .30 .26 .36 .51 .34 .18 L65% .43 .08 -.12 .50 -.32
H1I 1.0 .58 .30 44 .78%% .29 -.34 -.03 W24 .06 -.04 .60* ) .38 .34 .38 .07 .11 .25 -.52
H10 1.0 .33 42 .44 .39 .14 .36 J12% 55 .44 .50 .51 .41 .29 -.07 -.27 .10 .07 -.62%
F21 1.0 .19 .45 -.18 .01 -.24 .10 -.09 .35 .17 .50 -.12 JJ4x% 07 .01 .51 .36 .01
F20 1.0 .36 .13 Yy .49 .51 .58 .23 .29 .52 .54 .26 19 =240 -.20 .40 -.54
H21 1.0 -.08 -.11 .37 .27 .09 .08 .53 .46 .02 .49 .20 -.19 .12 .11 -.55
H20 1.0 -.16 .05 .14 410 -.07 .18 .16 .37 -.41 -.02 -.30 A5 0 =031 -.32
F3I 1.0 .40 .35 67% 220 -39 .09 -.14 .07 -.06 -.30 -.23 -.17 .06
F30 1.0 W43 W42 .32 -.05 .16 .60* -.01 -.01 .20 -.34 .28 -.13
H3L 1.0 LT .20 .15 .36 W42 .22 -.56  -.36 .01 -.10 -.69%
H30 1.0 260 -.09 .16 .18 .08 -.3 -.39 -.30 ~-.36 -.47
F41 1.0 .38 .48 .24 .35 -.05  -.14  -.12 .35 -.31
F40 1.0 .42 W45 .03 .35 -.38  -.04 .57 -.69*
H4T 1.0 63% .17 .03 -.30 .55 .29 -.51
H4O0 1.0 -.21 -.02 -.12 .13 .39 -.61%
MC 1.0 -.03 .39 -.05 .28 -.04
MT 1.0 .16 -.16 .50 .24
Ulna 1.0 -.16 .10 .53
Tibia 1.0 -.09 .08
CIRCF 1.0 -.13
CIRCH 1.0

BMeasurements were taken at an average of 297 d on test.

Values for front and hind inside and outside horn length (F1I, F10, HI1I and H10), front and hind inside and outside toe width (F2I, F20, H2I
and H20), front and hind inside and outside horn height (F3I, F30, H3I and H30), front and hind inside and outside toe length (F4I, F40, H4I
and H40), metacarpal (MC) and metatarsal (MT) length and front and hind limb circumference (CIRCF and CIRCH).

*(P<.05).

**(P<,01).
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length. Correlaticn of bone lengths to one another
generally yielded negative values. Front limb circunmference
was not significantly correlated to any of the foot
measuremrents or bone lengths while only a few significant (P
< .01) values were cbserved for hind limt circumference.

As seen in table 31, average coamittee scores at 87 d
on test were generally negatively correlated tc the foot
measurements with significant values for toe width (E <
«01), front inside toe length (F < .01) and front outside
toe length (P < .05). Bone lengths were likewise negatively
correlated to structural soundness score. These negative
values indicate improved structural soundness with 1longer
limb bones and larger foot measurements.

By 255 d on test all foot and leg measurements produced
negative correlation coefficients for average cosmittee
score, hovwever the number of significant values was reduced
(table 33). Only front outside horn and toe length, hind
outside toe width and toe length and the length cf the ulna
were significantly correlated with average committee score.

A high correlation was evident Letween the area and
volume calculations (tables 35 to 39) as would ke expected
from the results cbserved for the individual ©reasuresent
correlations. Only period five (297 d on test) failed to

produce consistent area and vocluge correlaticns which 1is a



TABLE 35.

PERIOD ONE CORRELATION COEFFICIENTS FOR TOE AREA, TOE VOLUME AND INCIDENCE OF

FOOT LESIONS OF BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINSSD

FARL  FARO HARI  HARO FVOLI FVOLO HVOLI HVOLO FPI FPO HPI HPO FHI FHO HHI HHO  AFIS AFOS  AHIS  AHOS
FARL 1.0 JI3RE SRR ASKA 4Rk T3kk 72Kk S4kk 17 .09 .17 -.04 .14 .28*% .09 .06 L23% L25% .15 .01
FARO 1.0 JT2K% 63k K J6kk 95Ak 77Kk 72%% | ]5 .10 .02 -.03 .06 J24% .09 L31xx 16 2% .07 .19
HARI 1.0 LS2K% 67RK 72%% 924k 584k 284%x 13 .08 .03 .15 L25% .09 L22% L32Kk 25% .11 .16
HARO 1.0 JATRR O 6LAR 51AK 96Ak 264 L25%  -.12 -.02 .08 .16 .06 JALRk 26K .30*%% .01 .28k
FVOLI 1.0 JB2%k  77%x%  58%xx 10 .02 .08 -.06 JJO0 30 (13 .07 .14 .20 .14 -.004
FVOLO 1.0 LB0**  72%% 06 .01  -.02 -.08 .08 L29%% 11 L29%% 10 .19 .07 .14
HVOLI 1.0 J62%%  2]1% .08 .02 -.04 .13 J27% .12 .26% .26% J23% .11 .15
HVOLO 1.0 L24% W23 -.09 -.06 .07 .20 .10 JA0RK 24 J31xx 06 J24%
FPL 1.0 LASKK 324% - 06 -,04 -.02 .05 .03 LBORR  J4k% 2] % .01
FPO 1.0 .23 -,05 ~-.05 -.01 -.01 .06 J34kx 78%% 004 .03
HPI 1.0 -.03 -.09 .07 .01 .15 21 L22% L50%% -.13
HPO 1.0 -.06 -.05 .04 .03 -.09 -.07 .04 67%%
FHI 1.0 L29%% -.09 .06 LS56%% (14 -.12  -.10
FHO 1.0 .03 .08 .15 61%% - 01 .03
HHI 1.0 17 -.01 .01 LBlx* .09
HHO 1.0 -.01 .01 .08 LT0**
AFIS 1.0 L37%% 11 -.05
AFOS 1.0 -.003 .05
AHIS 1.0 .03
AHOS 1.0

8yalues determined and feet scored at initiation of dietary treatments.

Values for front and hind inside and outside toe base area (FARI, FARO, HARI and HARO), front and hind inside and outside toe volume

(FVOLI, FVOLO, HVOLI and HVOLO), front and hind inside and outside pad lesion incidence (FPI, FPO, HPI and HPO), front and hind inside
and outside horn lesion incidence (FHI, FHO, HHI and HHO), front and hind inside and outside average foot lesion incidence (AFIS, AFOS,

AHIS, AHOS).
*(P<.05).
Ak (P<.01).
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TABLE 36. PERIOD TWO CORRELATION COEFFICIENTS FOR TOE AREA, TOE VOLUME AND INCIDENCE OF
FOOT LESIONS OF BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS3b

FARI FARO HARI HARO FVOLI FVOLO HVOLI HVOLO FPI FPO HPI HPO FHI FHO HHI HHO AF1S AFOS AHIS AHOS
FARI 1.0 LT6RX 67k% 56%k  9FAkk J6Rk 5%k 53Ax - 09 -,1) .05 .18 -.03 .03 -.09 .14 --.08 -.09 .001 .18
FARO 1.0 S61A%  72%%  73kk 93kx  flRxx  63*% -.03 -.04 .06 L22% -.04 .12 -.05 .18  -.05 .04 .02 L25%
HARI 1.0 LS55%k 63kk flxh BTk S44%x - 16 -.03 -.03 .01 -.12 .05  -.07 .12 -.19 .01  -.06 .04
HARO 1.0 L55%%  68xk 574k 86** 16 .01 -,08 .32** -,01 11 -.02 .29%% .09 -.08 -.08 L37%%
FVOLI 1.0 JBlkk 67k 60** -.10 -.12 .01 .19 .01 .06 -.05 .07 -.05 -.07 -.02 .15
FVOLO 1.0 L70%% 71%%x - 07 -.03 .02 .21 -.03 .19 -.08 .13 -.06 .10 -.02 L24%
HVOLI 1.0 L72%*% -13 -,09 -.08 .06 -.09 .05 -.09 .06 -.15 -.06 -.11 .06
HVOLO 1.0 d00 -.040 -.12 .29%* -.01 -.05 -.03 .13 .05 -.08 ~-.12 L3l
FPL 1.0 .21 -.06 L26%% 0 -.06 -.05 -.02 L59%% (15  -.08 L23%
FPO 1.0 -.12 .10 -.06 -.14 -.08 -.08 .08 L64%% - 15  -.001
HPI 1.0 .28% -.04 .26% -.06 .15 -.07 .12 L85%%  23%
HPO 1.0 -.06 L23%% -.03 .01 .11 L27% L23% A
FHI 1.0 -.10 0 .17 L81%% -.13  -.04 .08
FHO 1.0 -.046 -.03 -.10 NULLEE3Y .16
HHI 1.0 -.02 -.03 -.09 L47%% -.03
HHO 1.0 13 -.09 .12 .59*%
AFIS 1.0 -.02 -.07 .20
AFOS 1.0 .06 .13
AHIS 1.0 .19
AHOS 1.0

3yalues determined and feet scored at an average of 87 d on test.

Values for front and hind inside and outside toe base area (FARI, FARO, HARI and HARO), front and hind inside and outside toe volume
(FVOLL, FVOLO, HVOLI and HVOLO), front and hind inside and outside pad lesfon ficidence (FPI, FPO, HPI and HPO), front and hind inside
and outside horn lesion incidence (FHI, FHO, HHI and HHO), front and hind fuside and outside average foot lesion incidence (AFIS, AFOS

AHIS and AHOS).
*(P<.05).
*%(P<,01).
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TABLE 37.

PERIOD THREE CORRELATION COEFFICIENTS FOR TOE AREA, TOE VOLUME AND INCIDENCE OF

FOOT LESIONS OF BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS3b

FARI FARO HARI HARO FVOLI FVOLO HVOLI HVOLO FPI FPO HPI HPO FHI 131(0] HHI HHO AFIS AFOS AHIS AHOS
FARI 1.0 LB3Rk T4k GLlhk 97kk T LRk ]5%x  66%%x .07 .06 .001 -.02 0 .06 -.19 .003 .07 -.04 -.09 ~-.02
FARO 1.0 L LL N T LU L L Y L LA ) LIS ¥ ) .07 -.01 .01 0 .05 -.20 .06 .18 .09 -.10 .01
HARI 1.0 NCYLL Y B LU 'L LIS AR T L §1 .05 .10 -.04 0 .03  -.20 .16 .15 .06 .004 -.04
HARO 1.0 L63%k  6BR%x 73Rk 94k ]2 .25% .03 L24% 0 .06, -.16 .13 .12 .26%  -,04 L24%
FVOLL 1.0 LB6xx 73k 674% )13 .01 -.004 .07 0 .05 -.17 .03 .13 .03 -.08 .07
FVOLO 1.0 LI5%% 71k 20 .07 -.001 .05 0 .09 -.21 .02 .20 .10 -.09 .05
HVOLI 1.0 N LELLEES V] .04 .10 -.02 0 -.01 -.18 .19 .12 .03 .02 -.02
HVOLO 1.0 .10 .12 .04 .17 0 .08 -.17 .14 .10 .15 -.04 .17
FPI 1.0 LA0RK  32%% JJRk 0 .16 -.08 .16 1.00 JAbRe 27% 33R%
FPO 1.0 .16 L5k« 0 -.12 .24 .06 LA0RR QLkk 26k L5%%
HPL 1.0 .23 0 110 =012 .11 L32%% 20 L90%% 23
HPO 1.0 0 .06 .11 L26%  L33%k 46%% 27% 1.00
FHI 1.0 0 0 0 0 0 0 0
1310 1.0 -.03 -.06 .16 .22 .09 .06
HHI 1.0 -.03 -.08 .22 LJ33%% 11
HHO 1.0 .16 .04 .09 .26%
AFIS 1.0 JaLRk o 27% 33%%
AFO0S 1.0 W29%  46%*
AHIS 1.0 J27*
AHOS 1.0

8yalues determined and feet scored at an average of 174 d on test.

Values for front and hind inside and outside toe base area (FARI, FARO, HARI and HARO), front and hind inside and outside toe volume

(FVOLI, FVOLO, HVOLI and HVOLO), front and hind inside and outside pad lesion incidence (FPI, FPO, HPI and HPO), front and hind inside
and outside horn lesion incidence (FHI, FHO, HHI and HHO), front and hind inside and outside average foot lesion incidence (AFIS, AFOS,
AHIS and AHOS).

*(P<.05).

*x(P<.01).
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TABLE 38. PERIOD FOUR CORRELATION COEFFICIENTS FOR TOE AREA, TOE VOLUME AND INCIDENCE OF
FOOT LESIONS OF BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINSaP

8¢T

FARI FARO HARI HARO FVOLL FVOLO HVOLI HVOLO FPI FPO HPI HPO FHI FHO HHI1 HHO AFIS AFOS AHIS AHOS
FARI 1.0 .58%* 3] .35% L93RR 624k 46%% L 36% .01 .06 .12 -.10 0 L35% 0 -.21 .01 .26 120 -.17
FARO 1.0 .25 A%k 59k gLkk | 32 .36%% -,02 -.10 .28 .29 0 J49%x 0 -.28 -.02 .25 .28 .14
HARI . 1.0 .25 .32 .24 L87%% 21  -.15 -.22 .26 -.15 0 .06 0 -.19  -.15 -.17 .26 -.24
HARO 1.0 L35% L39% L 38% .92%* -.09 -.05 .13 .35 0 .11 0 .05 -.09 ~-.05 .13 .35%
FVOLI 1.0 LT0%%  S51ak 43k - Q9 .01 .01 -.07 0 .36*% 0 -.21 -.09 .24 .01  -.15
FVOLO 1.0 .38% .39% .06 -.13 .16 .25 0 L55%% 0 -.26 .06 .24 .16 .11
HVOLL 1.0 J4BA* -.09  -.15 .19 -.06 0 .15 0 -.27 -.09 -.08 .19 -.16
HVOLO 1.0 -.14 -.04 +.03 .35% 0 .10 0 -.05 -.14 ~-.03 .03 .30
FPI 1.0 -.05 0 -.08 0 0 0 -.06 1.00 -.05 0 -.12
FPO 1.0 .13 -.15 0 .05 0 -.04 -.05 L85%% (13 -.11
HPI 1.0 .06 0 -.04 0 -.06 0 .10 1.00 .02
HPO 1.0 0 -.05 0 -.09 -.08 -.10 .06 LBanR
FHI 1.0 0 0 0 0 0 0 0
FHO 1.0 0 .21 0 RYLLEENIT) .12
HHI 1.0 0 0 0 0 0
HHO 1.0 -.06 -.08 -.06 L39%
AFIS 1.0 .05 0 -.12
AFOS 1.0 .16 -.07
AHIS 1.0 .02
ANOS 1.0

8yalues determined and feed scored at an average of 255 d on test.

Values for front and hind inside and outside toe base area (FARI, FARO, HARI and HARO), front and hind inside and outside toe volume
(FVOLI, FVOLO, HVOLI and HVOLO), front and hind inside and outside pad lesion incidence (FPI, FPO, HPI and HPO), front and hind inside
and outside horn lesion incldence (FHI, FHO, HHI and HHO), front and hind inside and outside average foot lesion incidence (AFIS, AFOS,
AHIS and AHOS).

*(P .05).

**(P .01).



TABLE 39. PERIOD FIVE CORRELATION COEFFICIENTS FOR TOE AREA, TOE VOLUME AND INCIDENCE OF
FOOT LESIONS OF BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS8

6€T

FARI FARO HARI HARO  FVOLI FVOLO HVOLI HVOLO FPI FPO HPI HPO FHI FHO HHI HHO AFIS  AFOS  AHIS  AHOS
FARL 1.0 .38 .57 -.04 91xx 35 .52 .01 0 -.14 A1 =017 0 .20 0 0 0 -.01 A1 -.17
FARO 1.0 .66% .52 .38 L95%*% 68% .57 0 .06 -.29 .36 0 -.09 0 0 0 -.001 -.29 .36
HARI 1.0 .27 .49 .53 .95** 30 0 .11 .13 .18 0 -.01 0 0 0 .09 .13 .18
HARO 1.0 -.10 .58 .33 L95K% 0 .19 .25 .26 0 -.12 0 0 0 .10 .25 .26
FVOLI 1.0 .39 .50 .04 0 -.18 04 -.35 0 .32 0 0 0 .02 .04 -.35
FVOLO 1.0 .59 L63% 0 -.10 -.31 .26 0 .06 0 0 0 -.05 -.31 .26
HVOLI 1.0 .42 0 .12 .06 .14 0 .19 0 (o 0 .20 .06 .14
HVOLO 1.0 0 .16 .23 .15 0 .02 0 0 0 .14 .23 .15
FPIL 1.0 0 0 0 0 0 0 0 0 0 0 0
FPO 1.0 0 .52 0 0 0 0 0 B4xx O .52
HPI 1.0 0 0 0 0 0 0 0 1.0 0
HPO 1.0 0 0 0 0 0 Y 0 1.0
FHI 1.0 0 0 0 0 0 0 0
FHO 1.0 0 0 0 .54 0 0
HHI 1.0 0 0 0 0 0
HHO 1.0 0 0 0 0
AFIS 1.0 0 0 0
AFOS 1.0 0 44
AHIS 1.0 0
AHOS 1.0

:Valuea determined and feet scored at an average of 297 d on test.

Values for front and hind inside and outside toe base area (FARI, FARO, HARI and HARO), front and hind inside and outside toe volume
(FVOLI, FVOLO, HVOLI and HVOLO), front and hind inside and outside pad lesion incidence (FPI, FPO, HPI and HPO), front and hind inside
and outside horn lesion incidence (FHI, FHO, HHI and HHO), front and hind inside and outside average foot lesion incidence (AFIS, AFOS,
AHIS and AHOS).

*(P<.05).

**(P<.01).
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reflection of a similar 1lack of correlatiom among foot
measurements at that tinme.

Significant (P < .05 to .01) positive correlations were
apparent between incidence of front outside horn lesions and
area or volume of the front tces at period one (0 d on test)
(table 35). A similar effect was seen for hind outside horn
lesion incidence and hind tce area and voluae. Hind toe
area and volume also displayed consistent positive
correlations to imcidence of front inside pad lesiouns. The
incidence of lesions omn front inside and front outside pads
(P < .05) and fromnt inside and front outside hormns (P < .05)
were also significantly correlated. Correlations Letween
average foot scores and toe areas or volugzes reflected the
values obtained for individual pad or bhorn lesion incidence.

Fewer significant correlations between incidence of pad
or horn lesions and volume or area of toes was otserved
during period two (87 d on test) than were seen in period
one (table 36). Although not significant, inside pad and
horn incidence and front outside pad incidence kLecane
negatively correlated with tce area and volusme. Hind
outside pad 1lesion incidence was positively correlated to
front (P < .05) and bind (P < .01) outside toe area and to
hind outside toe volume (P < .01), while hind bcrn lesion

incidence was positively correlated to hind outside tce area
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(P < .01).

During the final three periods low lesion incidence and
reduced animal nuskters wmade calculation of correlation
coefficients impossible in several cases. Few significant
correlations between lesion incidence and tce area or voluae
were evident during these periods. During period three (174
d on test; tabkle 37) hind inside horm lesion incidence
exhibited consistent trends towards negative correlation to
toe area and volusme. Also during this period, [pad scores
were denerally positively correlated to each other (E <
.01). By period four (255 d on test; table 38) front
outside horn lesion incidence was positively correlated to
front inside toe area and vcluze (P < .05) and to front
outside toe area and volume (P < .01). The 1lack of
significant correlations in periods four and five (tables 38
and 39) iadicate that as boars mature the area or volume of
the toe has little effect on the incidence of foot lesions.
Penny et al. (1963) reported that larger cutside tces may
result in a greater risk of injury to those toes. Likewise,
Newton et al. (1978) observed that 1lesions of the sole of
the foot were nmost prevalent in pigs with longer and wider
toes. The present study found only minimal evidence to
support such a hypothesis and suggests little comsistent

correlation between toe area or volume and the incidence of
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lesion. Additionally, the present study indicates very
little consistant relationship among the 1incidence of
lesions at the various locations of the fromt or hind feet.

Bone correlations.

Correlations between bone dimensional, mechanical and
chemical characteristics are rresented in tables 40 to 43.

Bone weight and bone 1length were highly positively
correlated to the external shaft diameters and 1less highly
correlated, although still generally sigmnificant (P < .05 to
.01), to bone wall thicknesses. Bone dimensions were
positively correlated to each cther with the exception of
the third metatarsal abaxial dcrsopalmar thickness which
displayed little correlation to the other measurements of
that bone. Metacarpal and metatarsal dizensional
characteristics (weight, length, shaft diaseters and wall
thicknesses) exhibited stromng positive correlation to kone
breaking strength, stiffness and flexural modulus and
consistent negative correlaticn to Young's godulus of
elasticity (YME). The present findings are im agreement
with those of Arthur et al. (1982b) who reported that kone
(metacarpal and metatarsal) weight was negatively correlated
to YME (-.33). Arthur et al. (1982k) further reported a
positive relationskhip betweer bone kreaking strength,

stiffness, and flexural modulus. Likewise, Kornegay et al.



TABLE 40.

CORRELATION COEFFICIENTS FOR THIRD METACARPAL BONE

BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS

CHARACTERIST}CS OF
AND VITAMINS

BWGT BLGTH PDIM AXDIM ABDIM PTH AXTH ABTH BRST YME STIFF M EE ASH Ca P Mg Cu Zn Fe Mn
BWGT 1.0 L97Kk  BO9AR  gehk  gAk 60Kk 31k SIkk  BIAA - SBAA 69Kk 69#% - 39Ak  4]Ak k% (2 L56%k — 34kk - 20  -,36%% -.06
BLGTH 1.0 JBARK 924k BORk  STRA Lk 46kk J6R* - S5KA  GLRk  GUkk - ISKK _4BA* 3Rk (2 LSB8%K — 41%% - .19 - 38%x -,09
PDIM 1.0 LBBRR B4Rk 42%%x 25 LA2%% 66K R - 5QRR LRk 61k - 24 L40*%  39%% 05 L49%k - 29k - 25% - 27%x ~-.01
AXDIM 1.0 L92%k  55A% 28k 49kk Bl _ 60Kk 69KKk _69k% - kA 4QAk  41kk (08 L60%% - 31A% 14 -,29% ~-.06
ABDIM 1.0 LSRR 28%  42Ak  T1AK - 61k 5QA% 59Kk - 22 LS1kk  394% 10 L59%k - .24 -,16 -.21 .04
PTH 1.0 A2h% 59kk 63k — 30k SIkk  SLAk - 44k 274 .20 -.09 L322 -24 -.19 -.18 -.03
AXTH 1.0 L39%k 34Kk - 2] L28%  28% -.16 L25% 11 .05 .15 .01  -.23 .05 .20
ABTH 1.0 LSBRA - 30% 46%% 46Ah - 45A% 30% .15 .02 .32%¢ -.14 -.18 -.17 -.01
BRST 1.0 .18 L8Bk%  8BA% - 59%%x _J1* 33Ax 03 A3k - 326 - 326 - 34Kk - 11
YME 1.0 .10 L1000 -.06 -.37%% - ,25% .03 L39%% (12 -.08 .09 -.15
STIFF 1.0 L99kk - SLIAK 27k 25+ 12 L37%% - 30% - 32% -.24 -.14
™ 1.0 -.51%%  27% 254 12 LITRR - 30k -, 32% - 24 -.14
EE 1.0 -.25% .05 .10 .18 J32% .25 22 -.14
ASH 1.0 -.02 -.13 NALLIEN Y] .04 .10 .12
Ca 1.0 L26%  -.50%% - 08 -.11 -,27% L33k
P 1.0 L27% 0 .30% .15 .17 -.06
Mg 1.0 .26% -.05 .13 .12
Cu 1.0 .23 L41x% -.07
Zn 1.0 L3Rk 32K
Fe 1.0 .25
Mn 1.0

8Values for bone weight (BWGT), bone length (BLGTH), palmar dimension (PDIM), axial dorsopalmar dimension (AXDIM), abaxial dorsopalmar
dimension (ABDIM), palmar thickness (PTH), axial dorsopalmar thickness (AXTH), abaxial dorsopalmar thickness (ABTH), breaking strength

(BRST), Young's modulus of elasticity (YME), stiffness (STIFF), flexural modulus (FM), ether extract (EE), ash, calcium (Ca), phosphorus
(P), magnesium (Mg), copper (Cu), zinc (Zn), iron (Fe) and manganese (Mn).

*(P<.05).
*%(P<.01).
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TABLE

41. CORRELATION COEFFICIENTS FOR FOURTH METACARPAL BONE CHARACTERISTICS OF
BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS?

BWGT BLGTH PDIM  AXDIM ABDIM PTH AXTH ABTH BRST  YME STIFF FM EE ASH Ca P Mg Cu Zn Fe Mn

BWGT 1.0 B LLLET LU b L LI A S T 1L B K L) L52%k B5hk — 62%% . 8BA%  ggkkx - 284 .30* .26* .05 -.58%*% - 16 = A44%*% - 23 -.46
BLGTH 1.0 LB6%%  90**x  BORr 46%* |, 28% JATRR 74%k - 614k BOX* BO** -.18 L38%x 18 01 -.61  -.20 -.38%% - 17 - 42%%
PDIM 1.0 L88%%  gO*k SRR JeAk  SJAA TRk _ f7kx  J9kk  J9kk - ]5 .20 W27% .16 -.61** - .10 = 42%% - 19 - 42%%
AXDIM 1.0 L96RK 52Kk JLkA [BRR  B3AR - G7Rk  Borr B6R* -.27% .25 L3l .09 —.61%% — 13 - 4Lk% - 14 -, 43%%
ABDIM 1.0 S57%& 37k S1AR 79%k - 72%k B0k 80** -.23 .24 L29% .06 -.64%*% - 10 = 43%% - 16 -.42%%
PTH 1.0 P LA B LAY L L LB V2 L O T/L L VL L B &) .07 -.02 -.28% .04 -.32% .03 -.08
AXTH 1.0 LISRR B4R - 4Rk JLerk J4kk - 26% 14 2460 =011 -.13 0 =03 -.42%* -11 .11
ABTH 1.0 LS6RA — L41Rk L9Rk 49%% - S51kx 25  -.03 11 - 40** - .07 -.40%* -,22 -.22
BRST 1.0 -.33* LA D LA D LL B K L .25 .03 -.43%% - 10 -.53%% - 30% -.43
YME 1.0 -.26*% -.26* .14 -.10 -.06 -.07 RYLLEES D .22 -.06 .10
STIFF 1.0 L99%% - 30% L31* L33 .08 -.52%% — 08 -, 45%% - 23 - 47%*
3] 1.0 -.30* .31 .33% .08  -.52%*% - 08 -.45%*% -.23 - 47%*
EE 1.0 -.21 .01 -.07 -.01 .12 .33 .28% .10
ASH 1.0 -.14 -.22 -.21 -.15 -.08 -.06 .14
Ca 1.0 L36%% - 27% .07 -.20 -.30*% -.18

P 1.0 -.24 .21 -.17 .05 -.03
Mg 1.0 .16 .04 -.03 .24
Cu 1.0 -.12 .06 .17
Zn 1.0 .32% .09
Fe 1.0 .30*
Mn

2 yalues for bone weight (BWGT), bone length (BLCTH), palmar dimension (PDIM), axial dorsopalmar dimension (AXDIM), abaxial dorsopalmar
dimension (ABDIM), palmar thickness (PTH), axial dorsopalmar thickness (AXTH), abaxial dorsopalmar thickness (ABTH), breaking strength

(BRST), Young's modulus of elasticity (YME), stiffness (STIFF), flexural modulus (FM), ether extract (EE), ash, calcium (Ca), phosphorus

(P), magnesium (Mg), copper (Ca), zinc (Zn), iron (Fe) and manganese (Mn).

*(P<.05).
**(P<.01).

1.0
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TABLE 42. CORRELATION COEFFICIENTS FOR THIRD METATARSAL BONE
BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS

CHARACTERISTICS OF
AND VITAMINS?

BWGT BLGTH PDIM AXDIM ABDIM PTH  AXTH ABTH BRST VYME  STIFF FM  EE ASH  Ca P Mg Cu Zn Fe Mn
BWGT 1.0 L96%%  _76%% . 97%% Q4kk _42Ak 45Kk 24 J6%k - 4TR%  _J3IAX  S4k* - 04 .40** .04 .15 - 58Kk —.25 - 39Kk - L0*k -, 39%*
BLGTH 1.0 .71%%  QOKk B9Rk _4BRA 42Nk 26K 6%k - 46K* 65AK L 4B** -.06  .39%% .02 .14 -.59%% —,20 - 3TRK - 32k -.29%%
PDIN 1.0 L75%%  _77%%  30A  46%* 14 SOKR _ STRR  _4BR% 3gRk 07 ,30% .14 .20 - A28k —.23 - L5%K - L4kk - L3Rk
AXDIM 1.0 .97%%  _40** _47%% 18 L T4¥k - S3%k  J1ak SSKR 04 L3605 17 -.59%% —.23 - 3BAK - 41x% - ALKk
ABDIM 1.0 .44%%  4T*% 18 ,69%* - 61akx _65%% 524 13 ,30% .05 .23 -.60%*% -.15 -.37#k - 33 - 37*
PTH 1.0 .40%% . 31%  ,39a% — 32%  3eax . 32% -.01 .18 .01 .19 -.40** -.12 -.40%* -.15  -.21
AXTH 1.0 .22 .49%% _ 36A% _40%* _35kx - 11  .4O** 04 -.06 -.27% .03 -.51%* -.19  -.10
ABTH 1.0 .21 -.22. .21 .10 ~-.14 .23 .01 ~-.04 ~-.16 ~-.07 ~-.04 -.08 .12
BRST 1.0 -.17  .89%*% _Bla% -, 32%  _41%k .06 -.01 -.37%*% =25 -, 43Rk - 49kk . L6KK
YME 1.0 .06 -.18 -.39%% .17 -.05 =-.30% .44** .06  ,30% .07 .13
STIFF 1.0 .B2%% —.26%  .28% .04 .02 -.36%* -, 33% -.28% - 46k -.4O%*
™ 1.0 -.06 .19 .04 .06 -.3B%* -.26% -.24 -.37% -.37%*
EE 1.0 -.45%% .25  .28%* -.18 .21 .14 .20 .09
AsH 1.0 -.27% -.32% -.06 ~-.19 -.23 ~-.13 -.02
Ca 1.0 .52%% - 39%x% .18 -.15 -.09 -.ll
P 1.0 -.48%* .12 -.12 .02 ~-.10
Mg 1.0 .12 .19 .08 .16
o 1.0 .06 .4l%%  .36%x
Zn 1.0 L43%k  46**
Fe 1.0 LTO**
1.0

Mn

aValues for bone weight (BWGT), bone length (BLGTH), palmar dimension (PDIM), axial dorsopalmar dimension (AXDIM), abaxial dorsopalmar
dimension (ABDIM), palmar thickness (PTH), axial dorsopalmar thickness (AXTH), abaxial dorsopalmar thickness (ABTH), breaking strength

(BRST), Young's modulus of elasticity (YME), stiffness (STIFF), flexural modulus (FM), ether extract (EE), ash, calcium (Ca), phosphorus

(P), magnesium (Mg), copper (Cu), zinc (Zn), iron (Fe) and manganese (Mn).

*(P<.05).
**%(P<.01).
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TABLE 43, CORRELATION COEFFICIENTS FOR FOURTH METATARSAL BONE CHARACTERISTICS OF

BOARS FED TWO LEVELS OF ENERGY AND TWO LEVELS OF MINERALS AND VITAMINS®

BWGT  BLGTH PDIM AXDIM ABDIM PTH  AXTH ABTH BRST YME  STIFF FM  EE ASH Ca P Mg Cu Zn Fe Mo
BWGT 1.0 .97%%  92%% 97kk 95Kk 64kk  J2ak 33k . JOkk _ 4Qak  6BAx  JSK* _ 28k 32k 4T7kk 25 - .65%* .14 -.13 -.35%*% -.19

BLGTH 1.0 LB7%% 92Kk _QORk 70k . 69%k  JTAk TSk _ 4Bk 67Kk ]1Rk -.26  .32% 43k 20 -.60%% .13 -.16 -.39%x -.22

PDIM 1.0 .B9**  ,94%k 60Kk 64KK 28K L6JAK - 60%% L61R% 64%% -.07 .19 L43%% 23 -.5TR% 21 -14 -.27% -.17

AXDIM 1.0 ,96%% ,61a%  JlAx 28k J7AK _ 50%k  J1ak  JBAk - 28k 4Kk 45%*  27* - 69%* .16 -.06 -.24  -.13

ABDIM 1.0 .63%% 68k 30K 72%k - 53ak  J0&x 73k -.22 [ 31*  42%%  26% -.67%*% .19 -.10 -.23  -.16

PTH 1.0 .53%% 3B 50%% - 33%  _66%* ,50** -.18 .17  .30% -.09 -.38** -.02 -.18 -.28% -.14

AXTH 1.0 L47%%  [73%% - 28%  SBAN 66R% - L4kk 34Kk 39kx 30% - 47*% 19 -.33% -.13  -.09

ABTH 1.0 .39%* -.16  .31*  ,34*% -, 30% . 35%% .17 .10 -.,24 .03 -.11 -.06 .07

BRST 1.0 -.06  .64*% ,90ak - 50%k 324 524k 34kx - 66*% .03 -.15 -.32%  -.19

YME 1.0 -.11 .08 -.14 -.14 -.21 -.08  .28% -.22 .04 ~-.06 -.12

STIFF 1.0 .72%% -.31% .22 .36%* 15 -.53%* (13 -.13  -.26% -.19

FH 1.0 -.43%% .24 3Bx% 27%  .S6A* .01 -,09 -.34*% -.25

EE 1.0 -.31%x .01 -.19  .32% -.05 .28* .12 .29%

ASH 1.0 .11 .03 -.33* -.01 ~-.03 -.15 .18 -
Ca 1.0 .36% -.55%* .13 .11 -.04 .24 ~
P 1.0 -.48%* .24 .03 .17 .20 o
Mg 1.0 -.17 -0 -.11  -.17

Cu 1.0 .11 .35*% .08

Zn 1.0 .29%  .36%*

Fe 1.0 .61%%

M 1.0

8Values for bone weight (BWGT), bone length (BLGTH), palmar dimension (PDIM), axial dorsopalmar dimension (AXDIM), abaxial dorsopalmar
dimension (ABDIM), palmar thickness (PTH), axial dorsopalmar thickness (AXTH), abaxial dorsopalmar thickness (ABTH), breaking strength

(BRST), Young's modulus of elasticity (YME), stiffness (STIFF), flexural modulus (FM), ether extract (EE), ash, calcium (Ca), phosphorus

(P), magnesium (Mg), copper (Cu), zinc (Zn), iron (Fe) and manganese (Mn).

*(P<.05).
**(P<,01).
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(1981b) reported a positive correlation (.34) Letween
metacarpal weight and breaking strength, while Schroeder et
al. (1974) observed similar results for the feamur. Eone
weight, length, shaft diameters and wall thicknesses uere
consistently negatively correlated to the Lkcne ether extract
"content with the exception of the third metatarsal for which
little relationshif was evident. Positive correlations
were observed between bone weight and size and tomne ash with
this being most promipent for the third metacarpal and least
evident for the fourth metacargal. The correlation tetween
bone dimensional characteristics and the mineral content of
bone ash varied for each mineral. The Ca content cf kone
ash was generally positively ccrrelated to Lone dimemnsions
With the exception of very 1low coefficients for the third
metatarsal. Little relationshifp was evident between Ltome
dimensions and the F content of Lone ash, while a strong
negative correlation was noted between bone dimensions and
ash Mg content. Metacarpal and metatarsal weight, 1length,
shaft diameters and wall thickuess measuregents were
generally negatively correlated to the trace mineral (Cu,
Zn, Fe and Mn) content of bone ash, bhowever, the magnitude
and significance 1level of the correlation coefficients
varied.

The third and fourth =metacarpals exhibited negative



148

correlations (P < .01) Letuweer tone ether extract content
and bone treaking strength, stiffness and flexural modulus.
Little relationship vwas evident between ether extract and
YME. In coatrast, the third and fourth metatarsal ether
extract was negatively correlated to YME. Although the
magnitude varied among bghes, a negative correlation was
seen between bomne ash and IME, while all other breaking
characteristics were positively correlated to bose ash.
Likewise, Arthur et al. (1982b) reported a positive
correlation (.2Z5) Letween =metacarpal and metatarsal ash
content and their respective breaking strengths. In
contrast, Schrceder et al. (1974) and Kornegay et al.
(1981b) reported little correlation between metacarpal ash
content and breaking strength indicating that bone ash is
not a reliable indicator of bomne strength.

With the exception of the third metatarsal the
relationship between the mechanical Lone properties and the
Ca content of bone ash closely parallels the relationship
between Lone mechanical properties and bLone ash. This
result was to be expected due to the high content of Ca in
the bone ash. Bone ash E content had very 1little
correlation to any of the strength characteristics.
Relatively consistent mnegative correlations were evident

between bone breaking strength, stiffness and flexural



modulus values and the content of Ag, Cu, 2Zn, Fe and Mn in
bone ash.

A strong positive correlation exists Letween Lone
breaking strength aand bone stiffness and flexural modulus.
Therefore as bone strength is 1increased the capability of
the bone to resist ktending is also increased. This may be a
disadvantage under practical situations where some degree of
bone flexibility is needed to cope with shock 1loading

situations.



Chagpter VI

CCNCLUSIONS

The results of this study support the current NRC
mineral and vitamin recommendations for growing koars as
adequate for wmaxisal foot and 1leg development as elevated
levels (150% NRC) had little effect. Additionally,
restricting grewth rate was generally ineffective in
producing boars with substantially larger feet and 1legs as
maturity was agpproached althcugh trends im this direction
were apparent with correction for body weight differences.
Limit-fed Loars were, however, judged to te @more
structurally sound in appearance. 1This may ke a result cf a
more mature skeletal system in 1limit-fed Lkoars at a given
veight due to a slower growth rate than that of ad libitunm-
fed boars. Dietary treatment had no consistent affect on
incidence or severity of foot lesions. Furthermore, 1little
relationship was apparent Letween toe tase area or volunme
and the incidence or severity of foot lesions.

Limit-fed boars tended to have larger metacarpals and
metatarsals as compared with ad 1libkitum-fed bLoars at an
equal weight. The 150% mineral-vitamin level resulted in
increased bone wall thickness, Ca content of the bone ash

and bone breaking strength. Strong positive correlations

150



between bone breaking strength and stiffness and flexural
modulus, bowever, 1indicate a reduced ability of the Lone to
bend as kreaking strength is increased which &®ay not bLe
desirable under practical farm conditions.

The present study provides little support for feeding
mineral and vitamin 1levels in excess of the current NEC
reconmendations or for restricting growth rate as methods of
ptoducing boars Letter capable to withstand the rigors of
modern confinement oferations. This does not rule out
nutritional intervention as a potential approach to the
unsoundness problem but will hopefully stimulate further
research into the elucidation of the rcle of nutrition in

structural unsoundpess.
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Takle 1

A pig inverter was designed and coustructed for use
during foot and leg measurement and characterization. The
inverter was cylindrically-shaped with a removakle plywood
floor. The boar was driven into the inverter and its feet
securely tied to a crossbar on the inverter. The inverter
wvas then rotated 180 degrees tc render the Loar supine and

the floor removed to allow access to all four feet.
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Figure 1.

Toe Measurements: Measurement 1 - Horn Length - the
distance from the distal peripnery of the pad to the
tip of the toe; Measurement 2 - Toe Width - taken alcng
the distal periphery of the pad; Measurement 3 - Horm
Height - distance from the coronary band to the tip of
the toe; Measurement 4 - Toe Length - distance from the
proximal periphery of the pad to the tip of the toe.
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Table 2

The following varialtles sere calculated from the toe
measurements:

(measurement 1 # measurezent 4) x

(1) Percent horas
100

geasurement 2 x wmeasurement 4

(2) toe base area

(3) toe volume = @measurement 2 X measurement 4 x
measurement 3. The following assumptions were mecessary to
develop the calculated variables:

{1) The shape cf the base cf the toe is rectangular.

(2) The base of the toe and the horn which encongasses
the entire toe grcduce a three-dimensional
rectargle.

(3) Deviations from these shapes were consistent among
boars. These calculations do not provide exact values but
can be used as comparative estimations.

Bones of the legs were palrated for proxiasal and distal
joints. Length of the third metacarpal acd metatarsal, ulna
and tibia were measured using a table <calikrated 1in
centimeters. The circumference of the forelimk was taken
proximal to the accessory carpal and immediately distal to
the distal end of the ulna around the styloid process.

Circumference of the hindlink was taken distally to tke hock
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joint.

Pads and hormns were subjectively scored for the
preseuace or abseance of lesions using a scale of 0 to 3. A
score of 0 is indicative of no lesions, 1 indicative of
superfluous lesions, 2 indicative of moderate lesions and 3

indicative of severe lesions hicdering normal locomotion.
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Figure 2. Horn length of inside and outside toes of boars fed two

energy levels (ad libitum vs limit) and two mineral and
vitamin levels (100 vs 150% NRC). Main effect means are
shown and prediction equations are presented if main
effects are significant (P<.10).
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energy levels (ad libitum vs limit) and two mineral and
vitamin levels (100 vs 150% NRC). Main effect means are
shown and prediction equations are presented if main
effects are significant (P<.10).
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Figure 4. Horn height of inside and outside toes of boars fed two
energy levels (ad libitum vs limit) and two mineral and
vitamin levels (100 vs 150% NRC). Main effect means are
shown and prediction equations are presented if main
effects are significant (P<.10).
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Figure 5. Toe length of inside and outside toes of boars fed two
energy levels (ad libitum vs limit) and two mineral and
vitamin levels (100 vs 150% NRC). Main effect means are
shown and prediction equations are presented if main
effects are significant (P<.10).
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are shown and prediction equations are presented if main
effects are significant (P<.10).
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Figure 7, Toe volume of inside and outside toes of boars fed two

energy levels (ad libitum vs limit) and two mineral and
vitamin levels (100vs 150% NRC). Main effect means are
shown and prediction equations are presented if main
effects are significant (P<.10).



—AZMODINTDO

—~AZMmMOuMmao

176

PERCENT HORN PERCENT HORN
FRONT INSIOE T3E FRONT CUTSIJE T2
55-3 -i‘
531 AD-LIBITUM = 43.159 - .Q383T + -000210»12 3 AD-LIBITUM = 42.208 + .0069T + .000064T2
3 LIMIT - 43.159 + .0129T - .000007.1.2 § LIMIT = 42.208 + .0279T - .000059'1'2
:1-4 -j‘
ol ]
! ]
47= -
] ]
:1 g 1
q-d: ¢-c-d::cﬂ“ q]
1o aogete-am e e i
43> - -
-3 --.__.--" i
413 3
4 pi j
33—31 T 1 T AN ! T 1 T T . T T
PERCENT HORN PERCENT HORN
HINO [INSIQOE TOE HINO QUTSICE TOE
Ss

w
[N]

w
FUTT PUTT PUUTY FUWEY PUTEN B

2 3 100MV = 44.052 - .0096T + .000082T2

150MV = 44.052 + ,0204T =~ .000046?2

PERCENT HORN = 45.878 - .0208T + .000108T

=
w0

=
~

$S5=a-n -
h Ay A e
_-2--aA é'a--g--a-*-a--a.ﬁ.-a-.a..\.

4.4

—x
pep TRl

Pt

'/7

&~

A—L—t.-l.

2
- ——r
> ar

- -
‘P~‘~‘- ’_'—t
e DT S L

1
\
[ U PUTTY P

1<
39; T T T |1 ARBAASRAI T
1+ 111t tr1rrr222222222:2 1111111'112222-222222
8331234557833 12234+5573¢ §301!1234s$5873¢312343378¢
$SS55555S333S5353355535¢¢S53 §5555SS55355S53533335:33335535¢
0AYS ON TE:3T 0RYS ON TEST
LI5ENC: TAT —>—s 0= 317N —— _iMIT
w-m-e !SCMV a-a--a (SCMYV

Figure 8. Percentage horn of inside and outside toes of boars fed
two energy levels (ad libitum vs limit) and two mineral
and vitamin levels (100 vs 150% NRC). Main effect means
are shown and prediction equations are presented if main
effects are significant (P<.10).
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Figure 10. Metacarpal, metatarsal, ulna and tibia lengths of boars
fed two energy levels (ad libitum vs limit) and two
mineral and vitamin levels (100 vs 150% NRC). Main
effect means for energy level are shown and prediction
equations are presented if main effects are significant
(P<.10).
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Top - Total bone length; Bottom - Palmar, axial dorso-
palmar and abaxial dorsopalmar shaft diameters. Palmar,
axial dorsopalmar and abaxial dorsopalmar thicknesses
were taken midpoint on each respective side.
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Figure 12. Example of a three-point loading test. The sample

rests on two supports with the force applied from
above midpoint between the supports.
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Tatle 3

Breaking strength was determined as the @maximum point
on the force deformation curve. At this [point failure of
the bones resulted. Stiffness is the capakility of tke Ltone
to resist bending and is estimated by the force fper unit of
deflection in the samfle. This value was determined as the
slope of the straight-line portion within the elastic region
of the force deformation curve. The elasticity, or the
capability of the bome to returnm to its original shape after
being deformed by a force, was indicated by Young's sodulus
of elasticity (YME). The modulus of elasticity measures the
force per unit area required tc produce a given deforwmation

per unit bone length and was calculated as:

YME = Stiffness x (test length)3

48 x XIMI
where Test 1ength = 3.45 cn. The second moment of

inertia (XMI) was calculated as:

X¥I = 1/36 (L b3 - b, h3)
where the major and wminor dimensions of the cuter
triangle are the base b,, and height, b,, and the pajor and

minor dimensions of the inner triangle are tase, L. and

l'
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height, hi. Flexural modulus (FM) was calculated as:

FME = YME x XMI
Flexural modulus is therefore a ©measure sigilar to
stiffness, however, taking into account the test length of

the bone.
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Figure 14. Metacarpal and metatarsal weight for boars fed two
energy levels (ad libitum vs limit) and two mineral and
vitamin levels (100 vs 150% NRC). Main effect means are
shown and prediction equations are presented if main
effects are significant (P<.10).
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Figure 15, Metacarpal and metatarsal length for boars fed two
energy levels (ad libitum vs limit) and two mineral and
vitamin levels (100 vs 150% NRC). Main effect means are
shown and prediction equations are presented if main
effects are significant (P<.10).
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Figure 16. Metacarpal and metatarsal palmar dimension for boars
fed two energy levels (ad libitum vs limit) and two
mineral and vitamin levels (100 vs 150% NRC). Main
effect means are shown and prediction equations are
presented if main effects are significant (P<.10).
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Figure 17. Metacarpal and metatarsal axial dorsopalmar dimension

for boars fed two energy levels (ad libitum vs limit)
and two mineral and vitamin levels (100 vs 1507% NRC).
Main effect means are shown and prediction equations
are presented if main effects are significant (P<.10).
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Figure 18. Metacarpal and metatarsal abaxial dorsopalmar dimension

for boars fed two energy levels (ad libitum vs limit)
and two mineral and vitamin levels (100 vs 150% NRC).
Main effect means are shown and prediction equations
are presented if main effects are significant (P<.10).
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Figure 19. Metacarpal and metatarsal palmar thickness for boars
fed two energy levels (ad libitum vs limit) and two
mineral and vitamin levels (100 vs 1507% NRC). Main
effect means are shown and prediction equations are
presented if main effects are significant (P<.10).
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Figure 20. Metacarpal and metatarsal axial dorsopalmar thickness
for boars fed two energy levels (ad libitum vs limit)
and two mineral and vitamin levels (100 vs 150% NRC).
Main effect means are shown and prediction equations
are presented if main effects are significant (P<.10).
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Figure 21. Metacarpal and metatarsal abaxial dorsopalmar
thickness for boars fed two energy levels (ad libitum
vs limit) and two mineral and vitamin levels (100 vs
150% NRC). Main effect means are shown and prediction

equations are presented if main effects are significant
(P<,10).
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Figure 22. Metacarpal and metatarsal breaking strength for boars
fed two energy levels (ad libitum vs limit) and two
mineral and vitamin levels (100vs 150% NRC). Main
effect means are shown and prediction equations are
presented if main effects are significant (P<.10).
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Figure 23. Metacarpal and metatarsal stiffness (x 10%) for boars
fed two energy levels (ad libitum vs limit) and two
mineral and vitamin levels (100 vs 150% NRC). Main
effect means are shown and prediction equations are
presented if main effects are significant (P<.10).
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Figure 24, Metacarpal and metatarsal Young's modulus of elasticity
(x 10%) for boars fed two energy levels (ad libitum
vs limit) and two mineral and vitamin levels (100 vs 150%
NRC). Main effect means are shown and prediction

equations are presented if main effects are significant
(P<,10).
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Figure 25.

Metacarpal and metatarsal flexural modulus (x 10 2) for
boars fed two energy levels (ad libitum vs limit) and
two mineral and vitamin levels (100 vs 150% NRC). Main
effect means are shown and prediction equations are
presented if main effects are significant (P<.10).
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Figure 26, Metacarpal and metatarsal ether extract and ash content
for boars fed two energy levels (ad libitum vs limit)
and two mineral and vitamin levels (100 vs, 1507 NRC).
Main effect means are shown and prediction equations
are presented if main effects are significant (P<.10).
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PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN

DIFFERENCE AT 85, 190 AND 295 DAYS ON TEST FOR THIRD
METACARPAL MINERAL COMPOSITION OF BOARS AD LIBITUM- OR LIMIT-FED

E
Davs on test

Icem 85 190 295
b -

Calcium, %°° d 26.30 + 1.78  30.50 + 1.00 30.16 + 1.02
Actual difference e -1.20 + 1.14 -1.52 + 1.24 -.56 + 1.44
Weight-corrected difference -1.63 + 1.13 -1.78 +1.23 .14+ 1.43

Phosphorus, %~ 14.97 + .25 15.24 + .14 15.06 + .14
Actual difference .18 + .16 12 + .18 -.27 + .20
Weight-corrected difference .09 + .16 14+ 017 .13+ .20

Calcium: Phosphorus ratio® 1.86 + .04 1.92 + .02 1.99 + .02
Actual difference -.03+ .03 -.02 + .03 .03 + .03
Weight-corrected difference .03 +# .03 .03 + .03 -.02 + .03

Magnesium, z0°f8R .81+ .02 .66 + .01 85 + .01
Actual difference -.046 + ,02* -.04 + .02%* 01 + .02
Weight-corrected difference -.02 + .02 -.02 + .02 01 + .02

Copper, ppm’ 't 12.28 + .80  10.01 + .44 9.66 + .45
Actual difference 07 +# .51 -.01L + .55 -.27 + .64
Weight-corrected difference .18 + .52 .26 + .56 18 + .65

Zinc, ppu’i¥ 260.91 + 10.41  247.56 + 6.07  240.79 + 6.06
Actual difference 2.79 + 6.86 5.71 + 7.52 8.05 + 8.54
Weight-corrected difference 4.01 + 6.90 7.38 + 7.57 8.99 + 8.59

Iron, ppum’c® 52.54 + 4,87  53.39 + 2.69 42,64 + 2.83
Actual difference 2.69 + 3.11 2.38 + 3.38 -1.96 + 3.98
Weight-corrected difference 2.38 + 3.11 4.08 + 3.38 4.41 + 3.98

Manganese, ppmb 6.83 + .85 6.78 + .4 6.09 + .49
Actual difference 64 .56 .33 % .6l -.37 % .70
Weight-corrected difference J44 + .55 .62 + .60 .39+ .69

"Energy effect (P<.095).

ean body weight (kg): 43.% and 41.7 at 85 d; 122.1 and 104.5 at (P<.01l) 190 d; 180.2
and 131.7 at (P<.001) 295 d, respectively for ad libitum- and limit-fed boars (linear
age effect, P<.001; quadratic age effect, P<.05; energy x linear age effect, P<.001;

energy x quadratic age effect, P<,05).

“Percent or ppm of ash.

“Quadratic age eifect (P<.10).
Differences are expressed as ad libitum-fed minus limit-fed.

Actual differences are

unadjusted for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that which would have
been expected from treatment differences in body weight.

cLinear age effect (P<.00l).

“Quadratic age effect (P<,001).
Energy x quadratic age effect (P<.10).

'Energy x mineral-vitamin x quadratic age effect (P<.05).

‘Linear age effect (P<.0l).
Linear age effect (P<.05).

Energy X mineral-vitamin x linear age effect (P<.05).
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TABLE 5. ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCES AT 85, 190 AND
295 DAYS ON TEST FOR THIRD METACARPAL MINERAL COMPOSITION OF
BOARS FED 100 OR_150% NRC MINERAL AND VITAMIN LEVELS

a
Davs on_test

Item 85 190 295
Calcium, Zb c
Actual difference e -1.33 + 1.14 -1.67 + 1.24 -.59 + 1.44
Weight-corrected difference -l.44 +1.13 -1.80 + 1.24 -.60 + 1.43
Phosphorus, Zb
Actual difference -.03 + .16 .03 + .18 .20 + .20
Weight-corrected difference -.05 + .16 .02 + .17 .22+ .20
Calcium : Phosphorus ratio
Actual difference -.01 + .03 .02 + .03 .01 + .03
Weight-corrected difference -.02 + .03 -.03 + .03 -.02 + .03
Magnesium, %de
Actual difference .02 + .02 .03+ .02 .04 + .02
Weight-corrected difference .02 + .02 .04 + .02 .05 + .02
Copper, ppm®
Actual difference -.26 + .51 -.20 £+ .55 .20 £ .64
Weight-corrected difference -.19 + .52 -.13+ .36 -.24 + .65
£
Zinc, ppm
Actual difference -1.62 + 6.86 -4.97 + 7.52 -9.81 + 8.54
Weight-corrected difference -1.21 + 6.90 -4.44 + 6.90 -9.59 + 7.57
Iron, ppm
Actual difference -.25 £ 3.11 -.19 + 3.38 .29 + 3.98
Weight-corrected difference -.06 + 3.11 .09 + 3.39 .49 + 3.98
Manganese, ppm
Actual difference 17 + .36 .39 + .61 .60 + .70
Weight-corrected difference 17 £ .55 .39 £+ .60 .64 + .69

*Vtean body weight (kg): 43.8 and 41.3 ac 85 d; 115.2 and 111.3 at 190 d; 157.7 and
,154.2 ac 295 d, respectively for boars fed 100 vs 150% ‘mineral and vitamin levels.
Percent or ppm of ash.
Differences are expressed as 1007 minus 150% mineral and vitamin level. Actual
differences are unadjusted for body weight; whereas, the weight-corrected differences
measure the deviation of the actual treatment differences from that which would have
been expected from treatment differences in body weight.
Mineral-vitamin x linear age effect (P<,01).
-Energy x mineral-vitamin x quadratic age effect (P<.05).
“Energy x mineral-vitamin x linear age effect (P<.05).
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TABLE 6. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCES AT 85, 190 AND 295 DAYS ON TEST FOR FOURTH

METACARPAL MINERAL COMPOSITION OF BOARS AD LIBITUM- OR LIMIT-FED

a
Days on test

Item 85 190 295
Calcium, 2°¢ . 28.28 + .59 29.24 + .33 29.67 + .33
Actual difference d -.21 + .38 -.26 + .41 02 + .47
Weight-corrected difference -.36 + .37 -.39 + .41 .05 + .46
Phosphorus, %°° 15.10 + .23 15.13 + .13 15.14 + .13
Actual difference -.10 + .15 -.03 + .16 .26+ .18
Weight-corrected difference -.11 + .15 -.05 + .16 22+ .18
Calcium : Phosphorus ratio® 1.88 + .04 1.93 + .02 1.96 + .02
Actual difference 0+ .03 -.01 + .03 -.03 + .03
Weight-corrected difference -.01 + -.03 -.02 + .03 -.03 + .03
Magnesium, 7°f8" .79 + .02 .69 + .01 .66 + .01
Actual difference 0+ .01 -.01 + .02 -.03 + 2
Weight-corrected difference .01 + .01 0+ .02 -.01 + .02
Copper, ppm’ 10.50 + .89 10.17 + .49 9.84 + .50
Accual difference 37+ .57 45+ .62 -.58 + .71
Weight-corrected difference .45 + .56 .56 + .61 .17+ .70
Zine, ppn’St 270.35 + 9.24  251.99 + 5.35  238.31 + 5.78
Actual difference 7.22 +6.07 6.96 + 6.59 -3.44 + 8,11
Weight-corrected difference 8.27 +6.12 10.64 + 6.64 4.36 + 8.18
Iron, ppm’® 49.39 + 4.59 50.55 + 2.67 43.07 + 2.74
Actual difference -3.42 ¥ 3.01 -4.37 ¥ 3.29 1.71 = 3.85
Weight-corrected difference -3.56 + 3.06 -3.15 + 3.34 2.58 + 3.90
Manganese, ppmbf 7.68 + .75 6.93 + .43 5.68 + .3
Actual difference =42+ .49 -.532 ¢+ .33 -.18 + .61
Weight-corrected difference 42 + .49 -.23+ .34 73 + .62

®\ean body weight (kg): 43.4 and 41,7 at 85 d; 122.1 and 104.5

and 131.7 at (P<.001) d, respectively for ad libitum and limit-fed boars (linear

at (P<.01) 190 d; 180.2

age effect, P<,001; quadratic age effect, P<,05; energy x linear age erfect, P<.001;

energy X quadratic age effect, P<.05).

Percent or ppm of ash.
Linear age effect (P<.05).

Differences are expressed as ad libitum-fed minus limit-fed.

unadjusted for body weight differences; whereas, the weight-corrected differences

Actual differences are

measure the deviation of the acutal treatment difference from that which would have
been expected from treatment differences in bodv weight.
EFnergy x mineral-vitamin x quadratic age effect (P<.05).

Linear age effect (P<,001).
Quadratic age effect (P<.05).

Energy x linear age effect (P<.10).
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TABLE 7. ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCE aT 85,

190 AND
295 DAYS ON TEST FOR FOURTH METACARPAL MINERAL COMPOSITION OF
BOARS FED 100 OR 1507% NRC MINERAL AND VITAMIN LEVELS

a
Davs on test

Item 85 190 295
Calcium, Zb c
Actual difference e .13+ .38 23+ .41 $2% + 47
Weight-corrected difference .10 + .37 .18 + .41 .23+ .46
Phosphorus, dee
Actual difference -.11 + .15 .01 + .16 42+ .18
Weight-corrected difference -.11 + .15 .01 + .1 42+ .18
Calcium : Phosphorus ratio
Actual difference .02+ .03 .01 + .03 -.06 + .03
Weight-corrected difference .02 + .03 .01 + .03 -.046 + .03
Magnesium, %b
Actual difference -.01 + .01 -.01 + .02 .01 + .02
Weight-corrected difference -.01 + .01 -.01 + .02 .01 + .02
Copoer, ppn’
Actual difference .10 £ .57 .39 + .62 .88 + .71
Weight-corrected difference .09 + .56 .40 + .61 91+ .70
Zinc, ppmbe
Actual difference -6.10 + 6.07 -9.97 + 6.58 -9.98 + 8.14
Weight-corrected difference -5.61 *+ 6.12 -9.18 + 6.64 -9.05 + 8.21
Iron, ppmb
Actual difference .15 + 3.01 .78 + 3.29 1.93 + 3.85
Weight-corrected difference .17 + 3.05 .86 + 3.34 2.09 + 3.91
b
Manganese, ppm
Actual difference -.54 + .49 -.27 +-.53 1.03 + .61
Weight-corrected difference =532 + .49 -.25 + -.54 1.03 + .62

*Mean body weight (kg): 43.8 and 41.3 ac 85 d;
b154.2 at 295 d, respectively for boars fed 100

Percent or ppm of ash.

Differences are expressed as 100% minus 1507 mineral and vitamin level.

115.2 and 111.3 at 190 d; 157.7
vs 1507 mineral and vitamin levels.

Actua

and

1

differences are unadjusted for body weight; whereas, the weight-corrected differences
measure the deviation of the actual treatment differences from that which would have
been expected from treatment differences in body weight.

Mineral-vitamin x linear age effect (P<.10).

Energy x mineral-vitamin x quadratic age effect (P<.05).
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TABLE 8. PREDICTED MEANS AND ACTUAL AND WEIGHT-CORRECTED MEAN
DIFFERENCES AT 85, 190 AND 295 DAYS ON TEST FOR THIRD
METATARSAL MINERAL COMPOSITION OF BOARS AD LIBITUM- OR LIMIT-FED

a
Davs on test

Item 85 190 295
Calcium, %° . 29.42 + .56 29.24 + .32 29.55 + .32
Actual difference c .32+ .36 .39 + .40 .09 + .45
Weight-corrected difference .32+ .36 .35 + .40 -.02 + .45
Phosphorus, %°¢ 15.21 + .2 15.23 + .13 15.27 + .14
Actual difference .07 + .15 17+ .17 .30+ .19
Weight-corrected difference .06 + .15 15+ .17 25+ .19
Calcium : Phosphorus ratio 1.93 + .04 1.92 + .02 1.94 + .02
Actual difference .01 + .02 .01 + .03 -.03 + .03
Weight-corrected difference .01 + .02 .01 + .03 -.03 + .03
Magnesium, z°9%% .79 + .03 .66 + .01 .65 + .02
Actual difference -.02 + .02 -.03 + .02 -.03 + .02
Weight-corrected difference 0+ .02 -.01 + .02 -.02 + .02
Copper, ppm’® 11.94 + .83 10.27 + .47 9.61 + .48
Actual difference -.65 + .54 -.93 + .59 -.64 + .67
Weight-corrected difference -.66 + .54 .66 + .59 .22 + .68
Zinc, ppu’® 272.06 + 9.65  246.97 + 5.65  241.48 + 5.78
Actual difference 2.81 + 6.34 5.47 + 6.9¢4 7.24 +8.12
Weight-corrected difference 5.42 + 6.35 7.87 + 6.94 5.62 + 8.13
Iron, ppmbe 56.07 + 4.80 50.90 + 2.71 39.55 + 2.70
Actual difference -.04 + 3.12 .16 + 3.41 .64 + 3.80
Weight-corrected difference .33 +3.20 2.51 + 3.50 6.64 + 3.89
Manganese, ppu>® 8.45 + .79 6.73 + .45 5.62 + .46
Actual difference -.36 + .51 .34+ .56 .17 .65
Weight-corrected difference -.30 = .33 -.05 + .58 .86 + .67
+
Energy effect (P<.10).
Mean body weight (kg): 43.4 and 41.7 at 85 d; 122.1 and 104.5 at (P<.01) 190 d;

and 131.7 at (P<.001) d, respectively for ad
effect, P<,001; quadratic age effect, P<.05;
energy x quadratic age effect, P<.05).

Percent or ppm of ash.

Differences are expressed as ad libitum-fed minus limit-fed.

libitum~ and limit-fed boars (linear
energy x linear age effect, P<.001;

unadjusted for body weight differences; whereas, the weight-corrected Jdifferences
measure the deviation of the actual treatment difference from that which would have
been expected from treatment differences in body weight.

Energy x linear age effect (P<.l10).

Linear age effect (P<.00Ll).
Quadratic age effect (P<.01).
Linear age effect (P<.0l).

Actual differences are
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TABLE 9. ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCE AT 85, 190 AND
295 DAYS ON TEST FOR THIRD METATARSAL MINERAL COMPOSITION OF
BOARS FED 100 OR 150% NRC MINERAL AND VITAMIN LEVELS

: Davs on testa
Item 85 190 295

. ,be
Calcium, % 4
Actual difference d -1.08 + .36** -1.13 + .40** L2464+ 45
Weight-corrected difference -1.09 + .36** -1.14 + .40%** .23+ .45
Phosphorus, Zb
Actual difference -.16 + .15 -.12 + .17 17+ .19
Weight-corrected difference -.16 + .15 -.13 + .17 17 +.19
Calcium : Phosphorus ratio®
Actual difference -.05 + .02* -.06 + .03* -.01 + .03
Weight-corrected difference -.05 + .02% -.06 + .03* -.01 + .03
Magnesium, Zb
Actual difference .02 + .02 .02 + .02 0+ .02
Weight-corrected difference .02 + .02 .03 + .02 0+ .02
b
Copper, ppm
Actual difference .18 + .54 01+ .59 -.57 + .67
Weight-corrected difference .23+ .54 .09 + .59 -.53 + .68
Zinc, ppmb
Actual difference -1.23 + 6.35 -1.14 + 6.94 .74 + 8,12
Weight-corrected difference -.23 + 6.36 .14 +6.95 1.23 + 8.13
Iron, bpm
Actual difference .08 + 3.11 -.50 + 3.40 -1.81 + 3.80
Weight-corrected difference .35 + 3.19 -.07 + 3.49 -1.41 + 3.89
b
Manganese, ppm
Actual difference -.27 + .51 -.12 + .56 .57 + .65
Weight-corrected difference -.22 + .53 -.05 + .58 1+ .67

)

*ﬂineral-vitamin effect (P<.05 and .01, respectively).

Mean body weight (kg): 43.8 and 41.3 at 85 d; 115.2 and 111.3 at 190 d; 157.7 and
154.2 at 295 d, respectively for boars fed 100 vs 1507% mineral and vitamin levels.
Percent or ppm of ash.

Mineral-vitamin x quadratic age effect (P<,01).

Differences are expressed as 1007 minus 150% mineral and vitamin level. Actual
differences are unadjusted for body weight; whereas, the weight-corrected differences
measure the deviation of the actual treatment differences from that which would have
been expected from treatment differences in bodv weight.

Mineral-vitamin x quadratic age effect (P<.10).
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TABLE 10. PREDICTED MEANS AND ACTUAL AND WEIGHT~CORRECTED MEAN
DIFFERENCES AT 85, 190 AND 295 DAYS ON TEST FOR FOURTH
METATARSAL MINERAL COMPOSITION OF BOARS AD LIBITUM- OR LIMIT-FED

a
Davs on test

Item 85 190 295
. ,bed -

Calcium, 7 e 28.17 + .53 29.21 + .30 29.66 + .31
Actual difference o W43+ L34 .27 + .37 -.68 + .43
Weight-corrected difference .20 *+ 33 12 .+ .36 =34+ 42

Phosphorus, %° 15.01 + .26  15.08 + .15 15.29 + .15
Actual difference -.06 + .17 -.08 + .19 -.10 + .22
Weight-corrected difference -.09 + .17 -.11 + .18 -.01 + .21

Calcium : Phosphorus ratio 1.88 + .04 1.94 + .02 1.94 + .02
Actual difference 04 + .03 .03 + .03 -.03 + .03
Weight-corrected difference 03+ .03 02 + .03 -.02 + .03

Magnesium, % 458 79 £ .02 .67 + .01 64 + 101
Actual difference -.01 + .02 -.01 + .02 0+ .02
Weight-corrected difference 01 + .02 .01 + .02 .01 + .02

Copper, ppu’" 9.10 + .65  10.00 + .73 9.90 + .36
Actual difference ° -.09 + .42 -.08 + .45 .06 + .50
Weight-corrected difference -.18 + .41 -.18 + .45 .06 + .50

Zinc, ppm S 258.59 + 11.35  254.20 + 6.44  248.25 + 6.66
Actual difference 7.80 + 7.35 6.19 + 8.04 -7.86 + 9.37
Weight-corrected difference 6.96 + 7.37 7.59 + 8.05 -.58 +9.39

Iron, ppmbC 53.01 + 5.48 48.81 + 3.12 40.46 + 3,19
Actual difference .11 + 3.58 -.99 + 3.91 =3.47 + 4.49
Weight-corrected difference -.37 £ 3.58 .70 + 3.91 3.83 + 4.48

Manganese, ppmb 7.36 * .79 6.38 + .45 6.16 + .47
Actual difference A2+ .5l 219+ .36 .16 + .66
Weight-corrected difference 14+ .51 31+ .36 .49 + .65

3lean body weight (kg): 43.% and 41.7 ac 85 d; 122.1 and 104.5 at (P<.0l) 190 d; 180.2
and 131.7 at (P<.00l) 295 d, respectively for ad libitum- and limit-fed boars (linear
age effect, P<.00l; quadratic age effect, P<,05; energy x linear age effect, P<.001;
energy X quadratic age effect, P<,05).

Percent or ppm of ash.

Linear age effect (P<,0l).

Energy x mineral-vitamin x quadratic age effect (P<.10).

Differences are expressed as ad libitum-fed minus limit-fed. Actual differences are
unadjusted for body weight differences; whereas, the weight-corrected differences
measure the deviation of the actual treatment difference from that wnich would have
_been expected from treatment differences in body weight.

£ -

Jlinear age effect (P<.001).

PQuadratic age effect (P<,05).

Znergy x mineral-vitamin x linear age effect (P<.05).
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TABLE 11. ACTUAL AND WEIGHT-CORRECTED MEAN DIFFERENCE AT 85, 190 AND
295 DAYS ON TEST FOR FOURTH METATARSAL MINERAL COMPOSITION OF
BOARS FED 100 OR 1507% NRC MINERAL AND VITAMIN LEVELS

a
Davs on test

Item 85 190 295
Calcium, %bc 4
Actual difference q 01 + .34 -.13 + .37 -.43 + .43
Weight-corrected difference -.05+ .33 -.20 + .36 -84+ 42

.b
Phosphorus, 7%

Actual difference ‘ -.04 + .17 -.05 + .19 0+ .22

Weight-correctaed difference -.05 + .17 -.06 + .19 0+ .21
Calcium : Phosphorus ratio

Actual difference .01 + .03 0+ .03 .03 + .03

Weight-corrected difference 0+ .03 0+ .03 -.03 + .03
Magnesium, Zbc

Actual difference -.01 + .02 -.01 + .02 .02 + .02

Weight-corrected difference -.01 + .02 0+ .02 02 + .02

bef

Copper, ppm

Actual difference .38 + .42 .61 + .45 .58 + .50

Weight-corrected difference .35 + .41 .57 + .45 .57 + .50
Zinc, ppmbc

Actual difference 2.43 £ 7.35 .96 + 8.04 =5.43 £ 9.37

Weight-corrected difference 2.47 +7.37 1.09 + 8.06 -5.19 +9.39
Iron, ppmb

Actual difference 2.71 + 3.58 2.38 + 3.91 -2.03 + 4.49

Weight-corrected difference 2.75 + 3.58 2.56 + 3.91 -1.59 + 4.49
Manganese, ppmb

Actual difference - .02 + .31 19 £ .36 .54 £ .66

Weight-corrected difference .03 + .51 .22+ .57 .56 + .66

3Mean body weight (kg): 43.3 and 41.3 at 85 d; 115.2 and 111.3 at 190 d; 157.7 and
154.2 at 295 d, respectively for boars fed 100 vs 1507% mineral and vitamin levels.
Percent or ppm of ash.
Energy x mineral-vitamin x quadratic age effect (P<.10).
Differences are expressed as 100% minus 150% mineral and vitamin level. Actual
differences are unadjusted for body weight; whereas, the weight-corrected differences
measure the deviation of the actual treatment differences from that which would have
been expected from treatment differences in body weight.
Mineral-vitamin x linear age effect (P<.10).
“Energy x mineral-vitamin x linear age effect (P<.05).
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Figure 27. Horn dry matter and ether extract content for boars fed

two energy levels (ad libitum vs 1limit) and two mineral
and vitamin levels (100 vs 150% NRC). Main effect means
for energy level are shown and prediction equations are
presented if main effects are significant (P<.10).
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Figure 28. Horn ash, calcium, phosphorus and magnesium for boars
fed two energy levels (ad libitum vs limit) and two
mineral and vitamin levels (100 vs 150% NRC). Main
effect means for energy level are shown and prediction
equations are presented if main effects are significant
(P<.10).
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Figure 29. Horn copper, zinc, iron and manganese for boars fgd
two energy levels (ad libitum vs limit) and two mineral
and vitamin levels (100 vs 1507% NRC). Main effect means
for energy level are shown and prediction equations are
presented if main effects are significant (P<.10).
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EFFECT OF RESTRICTED GROWTH RATE AND ELEVATED LEVELS OF
MINERALS AND VITAMINS ON FEET AND LEG CHARACTERISTICS,
SOUNDNESS SCORES AND METACARPAL AND METATARSAL CHARACTERISTICS

OF GROWING BOARS

by

Allan J. Lepine

(ABSTRACT)

The effects of dietary energy level (ad libitum vs 75% of ad
libitum) and mineral-vitamin intake (100 vs 150% NRC recommendations)
on foot and leg development, incidence and severity of foot lesions,
soundness scores and metacarpal and metatarsal characteristics of growing
boars was studied. Boars assigned to the dietary treatments at 5 wk
of age were serially necropsied beginning at 120 d of age. Foot and
leg characterization was carried out at four periods (35, 122, 209 and
290 d of age) and at necropsy. Bone samples were obtained at necropsy.
Toe measurements increased over time with outside toes larger than
inside toes. The hind outside toe was consistantly larger than the
other toes. Mineral-vitamin level had little effect on toe measurements,
while ad libitum feeding produced larger feet and legs as compared with
limit-fed boars at an equal age. Correction for body weight differences

removed the energy level differences and often produced trends favoring



the limit-fed boars. Dietary treatment had little effect on the
incidence and severity of pad or horn lesions, however, restricting
feed intake produced boars more structurally sound in appearance.

Bone size increased with age, while bone ether extract decreased
and bone ash content increased. As age increased, Ca content of bone
ash increased, P level remained unchanged and Mg, Cu, Zn, Fe and Mn
levels decreased. Metatarsals were longer and heavier than metacarpals.
Percentage of bone ether extract increased with ad libitum feeding
while the 150% mineral-vitamin level resulted in increased percentage
bone ash. At an equal age, bone size and mechanical characteristics
were greater for ad libitum-fed boars, however, weight-correction
produced trends favoring limit-fed boars. Greater bone wall thickness
and mechanical characteristics resulted from elevated dietary mineral
and vitamin levels,

Little consistent correlation was apparent between toe area or
volume and the incidence of foot lesions or among the incidence of

lesions at the various locations on the front or hind feet.
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