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, R " ABSTRACT
‘ /

Experiments were cond\ttec " investigate the

1nc1dence of leg weakness and arthr051s in male grow1ng

"pigs. ' The objectlves of the first experlment were to

_ eﬁﬂuate the effects of enforced exerC1se on‘the'1n01dence

and extent of leg and cartllage deformltles of twelve growing
F 4

‘male pigs. Eight boars were exerc1sed on a treadmill,

four at 2 km/h and four‘at 4 km/h,'from a live weight of

B

22 to 99 kg.. Plgs were exercised three days a week for a

fperlod .0f 60 min for each grouﬁ the remalnlng four boarS'

acted as a control group. Blood serum samples, w1thdrawn B

N 1

at weeks 2, 6 and 10 of the exoerlment, were’ analyzed for

- chemlcal proflle and proteln electrouhoresis;_ Anlmals

were evaluated at weeks 6 and 10 by a team of three

evaluators and the pigs were evaluated on leg appearance
and moblllty. Follow1ng slaughter of the plgs at 90 kg,

legs were removed and the cartllage of major leg joints was.

.~ evaluated for severity of visible le51ons. Exerc1se

treatments improved the appearance~and‘mobility of legs,

v

especially that of' the front legs. mhere were no s1gn1f1-

cant'differences b%tween”the dgroups, 1n severity’ of arthrotlc t

" lesions. Exercise"treatment had no s1gnlf1cant effect on

feed intake, weight gain, efficiency of feed conversion,

_backfat, or loin muscle area. - Changes that occurred in =

'hlood serum constituents between bleeding times were not

Live o



'affected by exerc1se and were not correlated w1th\thev

severlty of le51ons. e : ! B
. A ‘second experlment was conducted to determlne the
v

welght or age at whlch le51ons occurred in art;cular

<

"cartllagé\of boars,'to examine the effects of a soft-or hard

floor on the 1nc1dence and severlty of cartllage lesions and

- ‘n

to examlne any relatlonshlps that may exist between growth

rate, blood serum chemlcal constltuents, bone mlnerallzatlon«

‘and the 1nc1dence -and severlty of cartllage le51ons. Nlnety—
» /‘ ' *
six 'boars, of(two ‘breeds, were killed at 3 days of age, .

shortly afterxweanlng (43 days of age) and at 20, 40, 60,-80,

‘100 and 129 kg. T
“'~6islb e cartllage le51ons were observed in plgs

| vﬂ;anlng.and generally 1ncreased in 1nc1dencer

,kllled afte

1ncrea51ng ‘weight of the plg.. Most of the

_ AT
_inéreased sevei _V of le31ons was observed after 60 Lg llve
TWelght Lesroms were observed in the follow1ng decrea51ng
‘vlncldence and severlty dlstal humerus, prox1mal femur >
prox1mal radlus ulna, prox1mal humerus > dlstal radlus ulna,
distal femur, prox1mal tibia and d;stal tlbla. There were
. no significant differences between<earth'or concrete floor

and between Yorkshlre or crossbred plgs 'in the 1nC1dence or

severlty of arthrotlc le51ons. ]
N :
Blood serum - chemlcal changes, ash, ‘calcium and

"

phosphoruSncontent of bone and growth rate were not'signifi—'

~ _

'cantly?correlated with cartilage lésion severity.
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. \ : INTRODUCTION

Performance testing is an.essentlal feature of
any genetlc improvement program with llvestock.
«Con31derable progress has been made in developlng test
Procedures to pr v1de genetlcally meanlngful performance
comparlsons of Swine breedlng stock One of the major
reasons for the rejectlon of boars on the Canadlan Record
'_of Performance for Sw1ne Program is a hlgh 1nc1dence of
‘locomotor problems. These. locomotor problems lnvolve a
varlety of defects in the shape, posture. and fur._tion of
ithe fore legs and hind legs of pigs.
| The cause or causes of these locomotor dlsturbances
have not been’ clearly established. The appetlte Of
affected pigs is hot usually altered and pain does not
. seem..to be a dominant feature of the condltlon, however,-*

performance of affected pigs may be reduced especfally"
.lln the later stages of growth. More 1mportant the |
numbers of anlmals from Wthh to select breedlng stock
are drastlcally reduCed since plgs of both high and-low‘
genetlc merlt seem to be equally affected.

‘ ’.Accompanylng the cllnlcal condltlon of "leg
weakness" are a varlety of lesions of artlcular cartllage -

and bone whlch are thought to be the major causes for

changes that occur in the/shape of legs.

» ) ) ¥
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- Researchers 1q-var10us countries have studied

‘several éspeéfs of,thé oroblem described,above, however,
“no defin££e* conclusions have béén drawn with regards to.
the time'6f occurféncé of the fifst lesths of cartilagé

and bone, possible metabolic éhanges as éiéted with |
the'condition,'caﬁses'of‘the.condition, and thus a‘potential
solution to the prObieﬁ. |

| The inﬁesfigatiOns reported herein are part of a
"FIéréer'stgdy at The University of Alberta ﬁg examine thé
age or weight of occurrence of cartiiage lesons bdth

o

visual‘Y'after diSseqtioﬁ and histologically, to determine

any blood serum and bioChemical cartilage changes that may
be associated with cartilage lesions and to examine
.carcass growth patterns that mayrbe associated with

occurrence of lesions in cartilage and bone.



- REVIEW OF LITERATURE"
,,- : &

Incidence™ of Locomotor Problems in the Plg

The 1nc1dence of jOlnt and bone le31ons in olgs
has been 1nvest1gated 1n a number of countries durlng the.
vlast 20 years.l In Sweden, Chrlstenstw fl953) described
the occurrence of pronounced changes in the“larger joints -
of both fore and hind legs of. Landrace boars at 9—months
and older The most common lesion was a deformltv of. the ;
head of the femur w1th a more or less pronounced crest
| agalnst the neck -and - degeneratlon of the cartliage. - No
{'evidenCe of rlckets was found. Bacterlologlcal\examlnatlons‘
of . the joint capsules were negatlve:' In England Thurley
(1965) descrlbed three types of jOlnt cartllage changes
(1) Vear les1ons w1th thln cartllage and no reactlon of
the subchondral bone tlssue in the earlv stages. These
}les1ons were most often demonstrated on the head of the
femur and the head of the humerus, (2) Prollferatrye
les1ons with collaose of the subchondral bone tlssue and -
formatlon of so- called "brood capsules" in the cartilage.
These le51ons were most often demonstrated in the condyles,
and the head of the femur, and- (3) ;1ft le51ons 1n w 1ch
| the . cartllage was- detached from the subchondral boné tlssue..
These 1e51ons were most often found in . the semilunar notch |

of the elbow jOlnt

A



4
Duthie and LancaSter (1564) in'England, as'a result
~of a field survey, concluded that lengeaknessfoccurred
quite commonly in commercial swine herds in that country.w :

Lesions of- synov1a of joint capsules and artlcular

cartilages of llmbs were found Wthh were consnﬂered to be

‘major - es of the'clinlcal'SLgns of leg'weakness;v S

o —éa:jiggzj;t al;'(l966), also from Enqland, descrlbed

ﬂa soec1al 1es10n of the dlstal eplphyseal olate of the \
‘ulna._ Three maln tvpes ‘of le51ons were observed with
patho;anatomlcal study: (1) The le51on in cartllage, (2) .
fThe le31on in the zone of prov151onal ca101f1catlon, and.
(3) The process of repalr.

‘Histological examinations of epiphfseal'cartilage -
fromiBé clinically normal pigs and 13 pigs'ﬁith'leg weakness
. were conducted hy'Thurley_(l969)."The‘animalS-were between l
47 and 160ldays'old,and of varying.hreed, Both males andv‘
"females were included in;the study; He frequently- 2
.demonstrated 1n both groups the occurrence of" the follow1ng
dev1at10ns from the normal (1) eos1noph111c streaklng,

(2) eos1noph111c patches, (3) local'lrregularlty.of the

length of columns of cartllage cells, .(4) endochondral'

osseus dvspla51a, and (5) aberratlons in the- dlrectlon of

—

the columns of cartllage cells.
Fell et al. (1970) reported that between 76 and 88

-nercent of ulnae and humerll from 136 pigs had radlologlcal

and hlstologlcal_le51ons in the dlstal eplphyseal growth

il
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plates and ln?the ?etaphyses even though very few of the

pigs. were- noted as being cllnlcally affected by leg

(
,weakness..

¢\

Ljunggren and Relland (1970) demonstrated degeneratlve

jOlnt les1on, malnly localized to the large dlarthrodlal
JOlnts, in 80 percent of 250 pigs. Infoldxngs and erosions
,1n the jOlnt cartllage were noted symetrlcally w1th

Q,
respect to rlght and left legs.' Lesions 1n the growth plate

~— -‘«—mq 2
7

were also noted. Hlstologlcal examlnatlon of early cases
revealed degenerat1v8 processes in the basal zone of the‘

bthlckenéd 301nt cartllage.‘ In zthe more advanced stages,

" fissures and clefts occurred. in the cartllage. The
condltlon led to dlsturbed endochondral osiiilcatlon. iThe
authors suggested us1ng the term osteochondr051s to descrlbe

these le31ons. The term osteochondr051s is also used . in

'ahuman medicine to descrlbe a similar condltlon in whlch

an 0551f1catlon center, expec1ally in the eplphyses of

long bones undergoes degener@tlon followed by calc1f1cat10n.
| In Canada, cartllage le51ons were present in

nearlyyall\of the elbow ]01nts of- forty—elght boars

3

(Bowlaﬁa‘et al. 1973) Moderate to severe le31ons were
-‘observed in 64 percent of the plgs and ‘lesions occurred
'symetrlcally w1th respect to rlght and left legs. - On a
llve anlmal v1sual appraisal, 58 percent were judged
affected by lameness while 40 percent were julged

‘ moderately to severely affected by lameness*1n the

' forelegs. Hind legs were not aff*cted as ofgmn or as

lara)



jseverely“by lamenes’s as the fore legs.

| | Lesions of varving degrees of iseverity 'in ‘most
pigs'at 90-100 kg Iive weight Were demonStrated by Grondalen
(1974a) " He found that the tvplcal osteochondral les1ons
were most often symmetrlcal, occurred at certaln s1tes in
joints amieplphyseal plates and were most obv1ous in the
elbow and stifle joint, and in the dlstal eplphvseal plate <
of the ulna. '

| Grondalen (1974al also investigated early changes ;
Ain the medial condyle of the femur and his results suggest
that prlmary changes occur early in the deep layer of the
cartllage and that changes 1n ‘the bone tissue and the
’superf1c1al layer of the cartllage are. secondary In hls

-

1nvest1gat10n, 10 percent of 10 to 20 kg plgs were affected
v
with osteochondr051s in the medlal condyle of the femur.

-At 50 to 80»kg;llvewe1ght 77.8 percent of the plas were
' |

affected, some w1th 1351ons of the suoerf1c1al layers of
cartllage. He used the term arthr051s as a name for le51ons

"affectlng the joint cartllage;.

: . 4
: - . . . o J . /:’ . o - : ! 7
Etiology of Osteochondrosis and‘Arthrosis._a3

~

The etlology of osteochondr051s and arthr051s has
not yé} been clearly determlned and a- complex comblnatlon

of factors appear to be 1nvolved.

Y

Effects of sex. . Ft has generally been observed

that ”leg weakness" and the le51ons in articular cartllage

‘. . -



associated with it have'OCCurred more often in growing
'-boars than in gllts or castrates (Walker et al. 1966).
However, Fell et al. (1970) fou?g that there was no
‘difference in the 1nc1dence or severltv of radlologlcal
and,hlstologlcal lesions in the ulnae or humeri of boars,
gilts; or castrates. |

Effects of breed and genetics. Duthie and

Lancaster (1964), as a result of a field*survey which showed
that several breeds of pigs were affected by "leg weakness",

Asuggested that breed and genetlcs were not major factors

3
.

v_contrlbutlng.to the incidence of articular cartilage lesions.
) The 1nc1dence of osteochondros1s and arthr051s in |
young anlmals of the Norweglan Landrace and Yorkshlre
breeds was compared by Grondalen (1974c) All anlmals
were bred under the same condltlons of feedlng and hou51ng.
‘In general, Yorkshlre pigs showed a lower 1nc1dence and a
less marked degree of. osteochondr051s and arthr051s than
Landrace Dlgs.; The Landrace plgs had longer bodles, broader
hlndquarters, shorter femurs and the stlfle had a dlfferent
- shavpe as compared w1th the Yorkshlre plgs ’ Grondalen
concluded that there was a connectlon between exterlor K
vfeatures, ]Olnt and bone shape and the. occurrence of jOlnt
'.le31ons.A. ‘
Grondalen and Vangen (1974) comDared the- 1nc1dence

" of osteochondr081s and arthr051s in three dlfferent llnes T

. . . .
o o] ’
T ;o
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‘ of the Norwegian'Landrace breed. InveStigations‘were o
4carried'out on 289 slaughter pigs, 56 breeding boars, and
Sl'breeding sows in a selection experiment. The animals
‘investigated belonged to the fourth to 51xth generatlons

Qﬁof the selectlon experiment. One line had been selected
for thin backfat and rapid growth (LBL) and one for thick
backfat and slow growth (HBL)J In additlon a control llne4

(CL) not subjected to . selection was maintained The

skeleton, measured as the length of bones and vertebral

&

-column, was s1gn1ficaxtly shorter (P < 0 Ol) in HBL than
in CL and LBL. There was a lower 1nc1dence and 51gnif1cantly E
(P < 0.01) lower degree of total le51qgs 1n ]OlntS and .
bones in HBL, w1th regards to slaughter Digs, boars and
sows. The lumbar reglon of the vertebral'column consistently
showed the greatest difference in- degree and - 1nc1dence of’ ©
leSions between the genetlc vopulations: and the authors
suggest that thls becomes the weakest skeletal oart in pigs

w1th a rapldly growing, skeleton.

_Otherfinvestigators (Fell et al '1970)vconcluded that
there were no differences between sire grouos in the
hinc1dence and severity of radiolcgical and hlstological
leSions of ulnae and humerl. In their experlment, 136
Large White pigs from 51x sires were 1nVest1gtated
Smith (1966) attempted to calculate,a heritability
bvalue for leg“weakness using."leggweakness"'scores for pigs_

—

from pig projgeny testing stations i Britain. - Large White
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and Landrace Pigs were involved‘in the study. Heritability
estlmates were calculated u31ng three dlfferent methods.
.All three methods gave very low herltablllty values and
clt would seem that a decrease 1n the amount of leg weakness'
"1n plgs would be slow and dlfflcult to achleve by genetlc |
selection against the‘condltlon. fTeuscher et al. (1972).
':estlmated a heritability value.for leg weakness of,0.5—0.6,

' but.thev thought t. t the value. was an overestlmate.' Their

value was con51derably higher than any of the values

calculated by Smith (1966).

Effects of nutrition. The interactions of calcium,

Cphosphorus and v1tam1n D was hlstorlcally one of the earllest
nutrltlonal causes of bone dlsease to be 1nvest1gated

Therefore, it is one of the flrst dlseases thought of when

lameness,occurs in growing pigs.

fThe National Research Council (N'R C. 1973) llStS‘

dletary calc1um requlrements of 0. 65 and 0.50 percent,

f.rrespectlvely, for growing plgs of 10-35 kg body weight

and for olgs from 35 -100 kg body welght phosphorus
'requlrements of 0. 50 and 0.40 percent respectlvely, forh“
vthe above weaght grouos of nlgs and v1tam1n D reculrements
of 200 and 125 I . ver kg of dlet, respectlvely, for the'
same- weight groups of nlgs. Malntalnlng the above levels ‘
'1n a ration should prov1de for adequate b"e mlnerallzatlon

to prevent rickets and lameness.



_ca1c1um and 0. 50, 0.50, and 0.80 percent o\

10

Duthle and Lancaster (1964) conducted several trlals

- to determlne 1f there was any relatlonshlp between the ;,

1evels of ca1c1um and phosphorus 1n the dlet and the
&£ -

incid. .= of "leg weakness" in plgs. In one trial they

compared four feeds contalnlng 0.6, 0.9, 1. 0, and 1.2

1percent, respectlvely, of calcium and 0 6, 0.8, 1. 0 and l 2

percent respectlvely, of phosphorus. There'was no relation- .
@hlB between level of calcrum and phosphorus and the’

1nc1dence of leg weakness ‘The same auth.'s conducted

another experlment with 0 50, 1.0, and 1. O‘Dercent of
phospHBrus in.
three ratlons fed to pigs during the growing perlod., They

found no relatlonshlps between those treatments and the

1n01dence of leg weakness and the lesrons assoclated w1th

the syndrome.

The observatlons of Duthle and Lancaster (1964)

.were conflrmed by Walker et al.‘(1966) Varylng the calc1um,”,

'phosphorus or Vltamln D concentratlons and the ca101um

phorphorus ratlo dld not affect elther the/lnc1dence or

:severlty of jOlnt le51ons or the cllnlcal 51gns éf leg

weakness.

i

RO Neher et al (1956) found 1es1ons in the ulnae of

Vplgs given a dlet'de 101ent 1n managanese but not 1n two

plgs glven a diet cc. alnlng about 44 p p m. manganese.
8
Walker et al. (1966) reported that they’observed thé&

typlcal ulnar les1ons 1n boars glven dlets contalnlng up to

& o : . . " : ;
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142 p.p.m. ‘manganese. These resu lts show that a. dietary

[N

def1c1ency of manganese is not l_<ely the .cause of ulnar'
,le51ons.‘ The dlets used- by Walktr et al (1966) contalned
supplemental copper xprobably rullng out'copper der1c1ency

- as a p0551ble cause. of the les1ons in the ulna. w

J

The addition of 0. 27 percent ‘calcium and 0 20
percent phosphorus to a diet contalnlng 0 80 percent each .

of calc1um and Dhosphorus did not have any major 1nf1uende

e A

‘on the- 1n01dence or'segwtlty of leg weakness or cartllage

I

'le31ons of boars 1n an ROP test statlon (Bowland et al.
1973) Increa51ng the level of manganese: from 93 mg to’

170 mg per kg of diet had no- 1nfluehce on leg unsoundness,'
the addltlon of calc1um, phosphorus and manganese togetherf
‘ had no 1nfluence either. | E
Accordlng to Walker et al (1966), the addltlon of
;v1tam1n C to rations- d1d not prevent the onset of the
"ulnar le51ons and they found the v1tam1n C: status 7 affected
anlmals to be's;tlsfactory,'as assessed by blood olasma !

ascorblc acid concentfatlons and the urlnary excretlon of

il
‘,ascorblc acid: Walker etzai..(l966) also stated that the
. xgx" . .

V1tam1n A status of affect
'satlsgactory as Judged bylthe@hdgh concentratlons/of +the

. V1tam1n in the llver of a ngmber of boars sufferlng from 1eg'

'_weakness and show1ng the- ulnar le51ons - /

-

Rate of growth a//lnfluenced by’ nutrlent den31ty

and dally consumptlon of food has” been suggested as a factor

e T T -3 NS . . .

—
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‘affecting the incidence of leg5weakness and'cartilage
lesions. Duthle and Lancaster (1964) or Fell et al. (1970)"1'
‘Were not able to show that the 1nc1dence and severlty of

le51ons as5001ated with leg weakness were related to fast

growth rate of the pigs.

Effects of management. Lameness in swine has been:

attributed to"a'lack‘of adequate exercise under confinement

rearing meher 1964) : t and ‘Doige (1973) found that

1nd1V1dua1 pennlng of gro'lng plgs in 0 6 X l 2 m pens -

results 1n-more locomotor problems than in, plgs penned in

5

groups of four w1th approx1mately the saflie floor area per

plg. Ind1v1dual pennlng resulted 1n a reduced (P < O Ol)c

- Cross—sectlonal area of cortlcal bone and a decreased

(P < 0.01): breaklng strength of bone in comparlson with
group penned anlmals The authors/Egnsldered the resultS't
" to be prlmarlly the result of muSCUIar weakness or a lack
oﬁ muscle tone attrlbutable to a lack of nOrmal-ekerCise;
fThurley (1971) also states that there may be an associatibn
fbetween degeneratlve jOlnt le51ons and muscularlweakness;‘f
The observatlon of Duthle and Lancaster (1964) thato
‘the general husbandry and health of pigs were better than
usual on farms where . leg weakness occurred w1th a hlgh o ‘%KT_
frequency 1nd1cates thatthere may be some relatlonshlp of

leg Weakness to 1nten51ve management
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i

Vaughanq(197l) suggests'that softerFfl;Jli¢g.such

as grass and earth provides a more secure footiny than does

Y

Slippery concrete for limbs with defective posture and fiay

‘ prevent severe clinical lameness. No reports of 1n6est1-

-

Fe

gatlons examlnlng Ahe effect(of type of floor on the

o 1nc1dence of leg weakness were found in the 11terature. "

Pathogenlc organlsms Arthrltlc conaltlons and

-
'

1ameness in swlne can . be caused by bacterla, mycoplasma or

harmful 1mmunolog1c reactlons. Duthi 'and Lancaster (1964)

ﬁbelleved that 1nfect10us osteoarthritis was the major'

\\‘cause of clrnlcal lameness Ain the plgs they 1nvest1gated

ith leg weakness, even though they were unable to isolate
any organlsms durlng bacterlologlcal examlna ons

Pleurooneumonla—llke organlsms (PPLO) have been '

K]

C.

shown to cause 4 polyarthrltls of: plgs (Helnae et al. 1963).

Inflamma1 Y and prollferatlve changes of the synov1al
v

membrane S} characterlstlc ‘but artlcular cartllages are
not apparently 1nvolved 1n PPLO arthrltlc condltlons.

>~ -  Collins and Goldie (1940) and Hughes (1955) descrlbed
avchronlc polyarthrltls of plgs 1nduced experimentally by

.

E. rhus1opath1ae§’and they demonstrated that this arthrltls

\4

!

was not preceded by 31gns of acute or subacute swine

erys1pelas but only by tr1v1al skln or temperature reactions.

,Roberts et al. (1963) descrlbed spectacular arthrltls

associated with M iycoolasma hvorhlnls. Acute changes occurred

a3

1n the synov1al memBrane whlch con51sted mostlj of a
. *:

k)
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yeiiowish discoloration.: Some changes occurred in the
epiphyseal plate of some bones;.characterized by
disorganization of the orderly maturation of cartilage\gells.
| "The cartilage_lesions occurring with‘leg weakness
are usually localized and not'general in nature and most .

researchers have concluded that 1nfectlous agents are not

the cause. Walker et al. (1966), Grondalen (1974a, . 1974b,_

© . 1974c, 1974d) and other workers have been unable. to flnd

wany organisms a55001ated4w1th affected3301n$s'that‘may

~ contribute to such a condition. , \,

-

N,

AN

>
&

Skeletal and biochemical changes.. Thurley (1965)

suggests that a rapldly grown 01g may have less bone ‘and
thlnner muscle flbres,than a slower_grown,llttermate and
that the small amoun% of exer01se allowed in conflnement
may contrlbute to leg weaknéss. Schllllng, as quoted in

Thurley (1965\ belleves thHat changes in the angles of

attachment of muscles and changes 1n the angles of joints

to accommodate greater masses of muscle cthrlbute to the

productlon of arthropathy.

Experlments by Grondalen (1974c) supbort the above

,statements. He showed.skeletal changes that‘were a55001atedA
o N . . .
with the incidence of osteochondrosis and arthrosis in his -

‘studles. It was‘found that_longer‘bodies,‘broader hind-

quarters, shorter femurs, and a different shaped pelvis of

“ the Norwegian_Landrace breed as:compared'with Yorkshire pigs

to

contributed to the,incidence of cartilage and boie lesiohs in

i,

i
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the former breed. _ e

Abnormal physical forces on some parts of the
skeleton contrlbute to the production of bone and c. ltllage
les1ons. Both Walker et al (1966) and Grondalen »and
Grondalen (1974) produced - rever. ,1ole ulna le51ons by over-
loading or f1x1ng one Oor more of the front legs In those
trlals, the eplphyseal blood supply seeme. to be’ affected
by the overloadlng.”

Weiss et al. (1973) studled ng weakness and
,as5001ated blood bone and muscle blOchemlcalﬁparameters and
found no changes in .blood proteln or electrolyte content N
'of serum and bone a550c1ated w1th leg weakness ; Postmog:
meat studles revealed no assoc1atlon of muscle pH or 1nc1dence

\ ]

of pale, soft exudatlve muscle ‘with the leg weakness
“COndlthn | ‘
Simunek- and Mulr (1972) found . no OVerall changes
1n comp051tlon when comparlng knee joint cartllage of lame
| and normal animals. They reported that the proteoglycans in
the cartllage of the lame plgs were extracted more ea51ly
by a standardlzed sequentlal procedure and contalned a.
hlgher proportlon of molecules of smaller 51ze as assessed
_bygel chrOmatography.. The dlfferences between normal and .
lame groups were greater at 10 weeks than at ‘25 weeks of age;
and the authors speculated that rapld welght galn may be too

great for the immature cartllage to bear. They dldP t

establlsh whether the changes 1n proteoglVCans were as
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~— a result of proteolytic degradation or were as « result of

piosynthetic failure. N v i
The above reviey indicates that the leg weakness

syndrome in pigs causes considerable\\ess*of poten%ial
breeding stoc . from the swihe’industry;' The condition

is_of;complex etiology and requires research to establish

solutions to the problem. v

N
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EXPERIMENTAL INVESTIGATIONS

PART I
~' . EFFECTS OF EXERCISE ON THE INCIDENCE OF

LEG WEAKNESS AND ARTHROSIS

'Introduction and Objectives‘
. -dLack_of normal movement may lead to dedenerative
.changes in bone jolnt‘cartilageh(Evans et al. 1960). It
is_recognized that'cartilage receives its-nourishment by
diffusion and imbibitio- £ the surroundlng fluids and
- that 1nterm1ttent compr..- 410n of tﬁg cartllage durlng
movement is 1mportant in brlnglng mutrltlve jOlnt flulds’
to the chondrocytes of cartllage (Trlas, 1961). Laci Of
exer01se in conflnement hou51ng has been 1mpllcated as a
factor contrlbutlng to 1eg weakness in pigs (Elllot and
‘Doige, 1973). |

The ob;ecthes of this study were to evaluate the
) effects of enforced exercise on the 1nc1dence and extent a
oF leg and cartllage deformltles of grow1ng male plgs -and.
to examlne blood chemical constltuent changes that may be
fassoc1ated with the 1nc1dence of leg weakness._ |

Materials and Methods

Twelve male plgs were used in the exnerlment. Six

anlmals were selected three from each of two crossbred
litters from The Unlver51ty of»Alberta Swine Research-Unit.~

/

17
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51£ Lacombe prgsvwere also selected three from each of two
lrtters. The Lacombe boars were purchased from a private
breeder.- The Pigs were allotted to three treatments:—one
pig from each lltter pexr treatment. Treatments con51sted
of a control w1thout enforced exerc1se, one group exercised
dat 2;km/h (LE), and another ‘group exer01sed at 4 km/h (HE)
The Dlgs were allotted at an average weight of 22.3 kg and
' were hous:d inllnd1v1dual pens (2.0 x 0. 4 m) w1th water
'avallable ad llbltum. They were housed on a concrete floor
and no beddlng was used. Cleaning- -of- pens was practlced
’dally by flusthg ma%%rlal into ; draln with water. Temoeraf
-Ature of the room was ma%ntalned at 20°C for: the duratlon of.
the eXperlment. The plgs were fed a pelleted grow1ng ration
ad llbltum s1mllar to that used in the Canadlan Record of
PerformanCe for Sw1ne ProgramH}Table 1). During tlme of
exerc1se, all boars 1nclud1ng those in the control group
‘were denled access to feed and water. Pigs from all groups
were welghed bl—weekly untll the heav1est plg reached 80 kg
and then weekly thereafter untll the end of the experlment

The control group boars were conflned to thelr

»

-pens except when they were moved to the scales for welghlng-
Both groups of “#igs on exerClse were subjected to enforced
exerc1se on a treadmlll at 0 slope from tlme of allotment f .
| to the experlment until they reached 90 kg.: Plgs were
fexerc1sed_on Monday, Wednesday and Frlday by tetherNng them i

-

‘1n51de a lelded wooden and metal frame superlmposed on the

e



TABLE 1

FORMULATION AND COMPOSITION (AS FED BASIS) OF

. DIET IN EXERCISE EXPERIMENT '

Ingrediénfs %

Barley 52.0
Wheat 26.5
Soybean meal (48 5% proteln) 12.5
Fishmeal (70% protein) 2.5
Stabilized tallow 2.5

- Salt (1odlzed) o - 0.5
Limestone " S T 0.5
Dicalcium phosphate s L o 2.0 ..
Trace mineral mixl R 0.5
Vitamin mix and 21nc bac1trac1n 0.5

_Como-ﬁ'tlon (by analysis)

Crulle oroteln (%) & : l6.2 "
Gross energy (kcal/kg) v : ‘ SR . 3718
Calcium (%) » i , ' o “0.99

Phcsphorus (%) - o o 0.80

\ .

Iohe trace mineral mix supplied the following per
100 kg diet: 8.80 g manganese; 7.04 g. iron; - 2.20 g copper;
10. 12 g z1nc, 22 mg 1od1ne.A , ;;f/ SR e

RS

S 2The Vltamln mix supplled the follow1ng per 100 kg
diet: 330, 000 IU vitamin A; 33,000 IU vitamin D; 1100 o
- 10 vitamln E; 440'mg r1boflav1n,,1980 ™g niacin; 880 mg

. calcium pantothenate; 55 mg folacin; 11 mg blotln, 2. 0 mg
- vitamin Blz’ 1 10 g zinc: bac1trac1n.-
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treadmlll. Leather collars_were fitted to all pigs.to
facilitate tetheriné them. For the first week, the
duration of exercise was three 10-min periods‘'daily at
‘2 km/h for the lOW~exercise (LE) and at‘4 km/h for the
high exercise (HE) group w1th alternate rest perlods of
110 min. Thereafter, the/exerc1se was 1ncreased on subsequent
wéeks by 10~ -min periods’ untll the pigs were exercised for
31x lo—mln perlods each day with 1nterven1ng rest perlods

of lO min.

3 :»'r‘,*.

Blood serum'analyses. Blood samples were collected

.

‘Dewhlrst, 1942) at the Second,v51xth and tenth week of/fﬁe///
. ///

experiment. Animals. were not deorlved of feéd or water

from each boar by anterior Vena cava puncture (Carle and

2

--1mmed1ately prlor to- collectlon of blood samples, so - that
yblood serum constltuents are on a non fasting ba51s.>

‘Blood was collected on a day when the exerc1se groups were
1.not belng exerc1sed ' Blood was collected 1nto vacutalner

tubes, centrlfuged to separate the serum, and serum profllef Y
analys3s was performed by Dr. S Hanson and Assoc1ates,

Medlcal Laboratory, 10830 Jasper AVenue,.Edmonton, Alberta

u51ng ‘the Technlcon SMA 12/60 Autoanalyzer.l pSeruml
samples were analyzed for the follow1ng'

(l) Ca1c1um - calc1um concentratlon (mg/loo ml. serum)

‘was determlned u51ng a method reported by G1telman (1967)

lTechnlcon Instruments Corporatlon, Tarrytown,
New York 10591 U.S.A. . SR
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(2) Phosphorus - 1norgan1c phosohorus concentratlon -
(mg/lOO ml serum) was determlned by the method: of Hurst ‘ "
- (1964) as- adapted to the Auto Analyzer by Kraml (1966) ' itkﬁf“:f
'(3)‘ Glucose - glucose concentratlon (mg/loo ml L

serum) was determlned by a modlflcatlon of the procedures

of Brown (1961) and_Blttner and McCleary (1963)

(4) Blood Urea Nitrogen (BUN) - BUN concentratlon

ar

(mg/100 ml'serum) was determlned by a modlflcatlon of the
’ , .

method of Marsh et al. (1965)

(51//Cholesterol - cholesterol concentratlon (mg/lOO
_—TmL serum) was based on a modlflcatlonw(Huang et al; 1961)
. of the LiebermanfBurchard reaction. |
.éﬁ | (6) Alkaline phosphatase (Alk. P) - Alk. P (mU/ml)
was determlned by the method of Morgenstern et al. (1965).

(7) Lactate Dehydrogenase (LDH)f LDH (mU/ml) uas
baSed on the‘procedure of.Hochella and Seihhouse'(l96551

(8) " Serum lutamlc Oxaloacetlc Transaminase (S“OT) -

SGOT (m[le) was based on: the procedure of Morgenstern et al

(1966) . o

| Serum.proteins Xgm/loo nml) were. also.analyzed by
“br. S. Hanson and Associates using a mlcroelectro—phore51s
technlque on cellulose acetate (Grumbaum et al. 1963) to
measure total proteln, albumln, alpha l—globulln,.alphav- 2~

'globulln, beta globulln and gamma globulln.

3

Live animal apﬁraisal Vlsual appraisal of the feet:

and 1egs -of the pwgs was made by three aporalsers at the
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"sixth and again/af/the tenth week of test. The appralsers

——e

22,/"ﬂ ’.”"

1ndependently scored all pigs for equal or different size

toes and for leg conformatlon and gait. Leg,conformation

Aand gait were scored'on a scale from 0 to 4 with 0 being
Tnormal and 4 ass1gned o boars show1ng severe crlppllng.ﬁ

'All legs and toes were as51gned individual scores.

Backfat thlckness and loin muscle area measurements
wére .made on eadﬁﬁpﬁg .as it approached slaughter we1ght,n

u51ng an ultrasonlc probag(Krautkramer Ultrasonlc Flaw

.Detectbr, tvpe U.S.M. 2). Four backfat measurements were

made and the mean backfat thickness was derlved from the

average of the.four srtes measured “The measurement sites

'were at the last er at 5 cm on- both 51des of the dorsal
~med1a1 lmne and 15 cm posterlor to the above two 51tes.
'Mean 101n muscle area measurements were derived from the
‘average of two sites measured, at>the‘last_r1b at 5;cm on -

'both sides»of”the“dorsal medial line.

Cartllage and bone appralsal._,The anlmals were

kllled bv mechanlcal stunnlng when they reached 90 kg llve

welght. Follow1ng slaughter, all four legs- ‘were 1mmed1ately

- dissected out to examlne major llmb ]Olnts and art1cular

cartllage. The artlcular cartllage on the acetabulum,

*prox1mal femur, dlstal femur, Drox1mal tlbla and flbula and

distal t1b1a and flbula of the hind legs and the artlcular'

cartllage on the scapula, prox1mal humerus, dlstal humerus.
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proximal radius and ulna, and ,distal radius and ulna of the

a

fore legs were examir ed v1sually and subjectlvely evaluated

accordlng to the follow1ng scale:

0o - normal, clear and smooth
1 —.vslight'irregulartiies or»slightlyvred and thin
2 le small abrasions and sllght le51ons present
3 ; cartilage llftlng or severe: le51on present
‘ 4d ~ ,cartllage severely damaged | A ‘ -

1vThe humerus bone from the right leg was selected
“for chemlcal analy31s tO'determlne the ash, ca101um and .
'phorphorus contents of the skeletal structure.‘ The bone
shaft between. the eplphyseal plates was cut into dlSCS and
then freezevdrled2 (38 C shelf temperature for 72 h). The
bones were then crushed in a steel mortar and pestle‘similar
to the design described‘by Aeschbacher.and BroWn‘(197é%,
-'g‘entracted“with petroleum ether to remove the fat'andugiven
pa final grindlng throughra Thomas samole grinderB‘u51ng
a No. 20 screen. The resultlng finely ground bone was_

tei
~analyzed for ash, calcium and phosphorus (A.O.A. C., 1970),

!

'Statistical'methOds. Analyses of variance were

'perfOrmed'on the‘data collected to determine whether_signifif

. cant differences,existed.r Sources of variation for the

bl

o 2Repp Subllmator, Model SRC 42 Division of Virtis
Co. Inc.: Gardiner, N.Y. 12525, U.S.A. o T o

' ‘3Thomas sample grlnder, Arthur H. Thomas Co.,
Phllaoelphla, Pa., U S.A.
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growth, feed backfat and bone chemlcal analy51s data
‘were;treatmentSj(‘ = 3). and plgs within treatments (N = 4). —
Eor the live visual appraisal there were alSo'evalﬁators
(N = 3)'and‘times (N = 2). . Therefore, SOurees of variation
for live visual approasal we%eﬁtreatﬁent fN = 3); e&aluators
‘kN = 3);xtimes (N = 2) and élgs.within treatmentsA(N'=_4).»v
Sources of Variatioh for blood serum analYSis were treatment °
”(N:=.3),'times (N;='3k;ahd pigs'within treatmentsd(N‘= 4)7
Sources‘of variation for cartilage lesion score‘were treatF,
ment (N = 3), pigs with.n treatments (N = 4);.right and left
leés (N£= 2), front‘and-Back legs (N = 2)-aﬁdxsite5'wlthin
front and back'(N = 5).v Meen differences'were\detected
usiné the F - Testl(Steel-andzTerrie; 1960) . Notatlons used .

o :
to 1nd1cate level of 51gn1flcance are: *(P < 0. 05), ' S

| & S
"**(P < 0.01), ***(P < 0.001)- There were some missing values "

"for blood analyses data and these values were estimated us1ng

a multlple factor Analys1s of Co“arlance program To calculate
error mean squre, 1 degree of freedom was subtradted for

‘each Value ﬁissing; Multlple comparlson of means was made ,
“;(P < 0.05) using Duncan's Multiple Range Test (S eel and

Torrle, 1960) and means not 31gn1flcantly differ nt bear the

same letter or no letter. S T ’,,\.

-Resultd/and biscuSsié//a

\ . : \ :
Feed inté;e, dally galn, efflclency of feed convers1on,'

backfat, and l in area (Table 2) There were no 51gn1f1cant,///

dlfferences/between the dally feed 1ntake of the Control, LE

,/.'
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TABLE 2 -

‘AVERAGE DAILY FEEDA(ADF), AVERAGE DAILY GAIN (ADG),

&TFICIENCY OF FEED CONVERSION (EFC), ADJUSWED
\V\

Sf

,L..

AVERAGE BACKrAT (ABF) AND ADJUSTED LOIN

., AREA (LA) FOR BO}RS IN EXERCISE STUDY

- ABF

F .

Treatient 1 2 3 Grand Standard
R Control LE HE Mean "Error of

W ‘ B ‘Mean

| ADF (kg/day) - 2.32  2.21 2,28 - 2.27  0.22

ADG (kg/day) ~ 0.77 ©  0.78 - ° 0.68 . 0.74 - 0.09

- EFC (kg feed/ ' S o R

' kg gain)  3.35 . 2.79  3.44 - 3.19 ° 0.4l
“fpm) 16.7 . '16.8 © 15.2° ?&ﬂ16.2 1,87 |

LA (em?)  35.6 34.0  35.0 - ;4 .8 . 1.49

. o . - . e R J‘% . :

<y

\

'

In subsequent tables, SE will signify Standard Error of
Mean for Treatment. - ©s - ,
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or HE pigs. Slmllarly, the - average daily galn of the

3

- thfee groups was not dlfferent althoégh HE galned 0. 68
kg. per day compared w1th 0. 77 and 0.78 kg per day for.
control and LE resoectlvely. _,W 51gn1flcant dlfferences 3
S § ¢ eff1c1ency of feed " converS1on ex1sted between the groups,ﬂ?
.although eff1c1ency of feed conver51on of-2.79 kg feed/kg
gain for LE- appeared better than 3. 35 and 3.44 kg feed/
kg gain of Cont(pl .and HE respectlvely. T

The average backfat of 16.7, 16.8 and 15.2 mm for
'the Control ‘IE and HE groups, respectlvely were not
.s1gn1f1cantly dlfferent although the HE had sllghtly less

. 1backiat than Control or LE groups. L01n muscle area

measurements of 35.6, 34. 0, 35, 0 cm2 for the Control LE

o~

K
and HE groups, respectlvely were not dlfferent from each

;other.'_s.

L These results suggest that the exerc1se 1mposed on

the pigs dld not have a major 1nfluence on, energv expendlture

' and hence on feed 1ntake, galn, eff1c1enCy of feed conver51on,

L

‘ backfat and loin area- measurements. Murray et a.£§Ml974)

»

‘made 51m11ar observatlons when plgs were exerc1sed at 2 km/h.

-

¢

Live visual aopraisgé' Table 3 summarlzes the v1sual._
aporalsal scorlng for leg conformatlon and galt._ Front legs
of pigs. not exer01sed showed more. abnormalltles, such as

b

‘bowleg and flexion of the carpus, than h1nd legs of theA

' _same plgs and were 51gn1f1cantly worse (P < 0 05) than

,plgs_ln LE orvHE‘ﬁor'front leghscores. There were no
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differences between any of the treatments in the hind leg
scores. Observations of abnormalities in the hind legs
were most of ten sickle legs and bow-legs. "The left . legs of
plgs in LE were affected more (P < 0 05) than right legs,
howetbrﬂjln the other two treatments there were no
51gn1f1cant dlfferences betweer left and rlght legs in

‘ aporalsal score, although %he left legs of HE pigs had a

£

mean score of (.50 compared with 6 38 for the rlght legs.
There is no ‘obvious explanatlon for any differences
occurrlng between left and right legs in severity of leg
weakness and the dlfferences observed,here may be as a
atresult of the few numbers of plgs 1nvolved Exercise
1mproved the appearance of both right and left legs.
Cons1der1ng the rlght legs, the HE.groupras less affected
(P < 0.0S)‘than LE and LE group was less affected (P < 0.05)
than Control. When con51der1ng the left legs HE plgs had
lower scores (P < 0. 05) than LE or Control Theée ‘were no
dlfferences between LE and Controls 1n left leg scores.
Degree of uﬁsoundness of the legs of Control- boars 1ncreased
from the 51xth to tenth week but there were no time dlfferences
'in LE or HE groups, thus indicating that exercise decreased
the degree and delayed . e onset of leg weakness.v Eleven of
the twelve boars had a’ small 1ns1de or out31de toe. .Siée
of toes did- not’ have any apparent 1nfluence on leg j o _‘:\X

appearance.



29

Cartilage and bone appraisal. Table 4 presents the

lesion scores for joint cartilage evaluation. When all
appraisal sitesqwerevoombined, there were no signifioantv
:»diff%rences in ‘mean lesionhscores. For all treatments,
there were no'significant differences between the degree of
lesions on left and right legs with sites combined. C
Similarly, there were no significantlaifferences between
fiont and back legs.'. |

| ghen appraisal SlteS were considered (Table 5),
ignoring treatment, the most severe leSions wereffound'on
the distal humerus and prox1mal radius - ulna; 'The’scapula,
prox1mal humerus, distal radius f,ulna, acetabulum, proximal
femur, distal femur,‘and distal tibia had less seuere
lesions than the distalehumerus and proximal.radius'— ulna.‘l
The.proximal tibia had the least severe.lesions,of‘any of -
the sites examined and was seldom affeoted.

There were no Significant differences between

treatments in right humerus moisture, fat, ca101um,

pho sohorus, or calcium to phosphorus ratio (Table 6), thus
"indicating that.exercise did not have any apparent influence

on oone mineralization.
\.

' Blood Sernmuanalises (Tables 7 and 8). Differences‘;‘

'between treatments- eXisted for only three of the thirteen
blood serum constituents measured.i Blood serum cholesterol
-increased (P < 0 05) from 125 mg/lOO ml for Control to 150
and 152 mg/lOO ml for LE and HE respectively. Serum.albuminr

was-lower (P <-0.05) for LE than Control. '8 - globulin was
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o TABLE 6

CHEMICAL ANALYSIS OF RIGHT HUMERUS SHAFT ‘AS

INFLUENCED ‘BY TREADMILL EXERCISE -

Moisture Fat %  Calcium (%) Phosphorus (%)

Y Dry - . Dry, Fat-free Basis
Basis T :

LE

HE.

\

\

SE

,Control'. '18.7

22.4
20.7

20.1-

27.4

26.9 .

27.6
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higher (P < 0.055 for LE than Control; For both, HE was
intermediate between Control and LE. Examlnatlon of the
data revealed no s1gn1f1cant dlfferences in the albumln'
to globulln ratlo\ between the treat%ents,‘thus *ndlcatlng
that 1mmunologlcal mechanlsms were not 1nfluenc1ng greatly,
.the level of proteln fractlons.. 7

There were changes in several of the hloOd serum
'measurements between 2,6 and 10°weeks. Concentratlons of
inorganic phosphorus, alkallne phosbhatase and glucose
decreased between the second)and the tenth week of the
experiment. .Concentratlons~of total protein, albumin,

B- globulln and Y globulln 1ncreased between the second and .

‘tenth week.ﬂ The observed values of 1norgan1c phosphorus'

follow the changes with age riﬁg;ted by Ullrey et al. (1967)1

Slmllarly, the changes in. total proteln, albumln,
B- globulln and Y- globulln compare qulte well w1th changes ’
w1th age reported by Mlller et al (1961) Therefor‘, it
may be concluded that observed changes in the blooc constitu-
ents between the second and/ enth week were normal dr'(lopf |
mental changes occurrlng as)the anlmals -increased in age.
Correlatlon coeffldlents for the relatlonshlp
'between lesion. score of the dlstal humerus and each blood
‘constltuentmere very low (Appendlx Table l) . They lndlcated

no. relatlonshlp betWEen the 1n01dence and severlty of

_ cartllage le51ons and the blood narameters evaluated

%
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The results of this experiment indiChte that
exXxercise will preVent abnormalities such as bow legs, -
flex1on of the carpus, and 51ckle leg from 1moa;r1ng the
mobility of boars. This is in- agreement w1th observatlons
of ?rondalen (¥%74f).. He speculated that mnsoular strength
increeses with exercise, however no evidence has -been -
presented to c0nfirm such ‘a epeculation.“The degree of.
joint le51ons in thls experlment was not 1nfluenced by

eéxercise. ThlS is also in agreement with Grondalen (l974f)
- PART TI

INCIDENCE OF ARTHROSIS IN GROWING MALE PIGS

SLAUGHTERED AT SUCCESSIVE STAGES OF GROWTH

Introduction and.Objectives

~Joint and bone le510ns have been descrlbedlln
_ market welght Pigs on the basis of postmortem examlnatlons.
However, verv few 1nvest1gat10ns have examlned leg jOlntS
of very young pPigs to determlne whether artlcular cartllage
le51one occurred in growing olgs at earller stages of growtr
(Grondalenﬁ'l974a)¢
The.objectives’of this experiment.were;
- (l) To . establlsh age and weight when cartllage le51ons.
develooed 1n voung, grow1ng male pigs. . ‘
(2) To examine the effeot of softaor hard‘floors on

the incidence and severity.of cartilage lesions in pigs.
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(3) To examine any'relationships that may exist

*between (a) growth rate, (b) blood serum chemical

‘~constituents,‘(c) muscularity, (4) bone'mineralization;

~ Smith, ‘R.R.1 Hillspring, Alberta.

and the incidence and severity of cartilage lesions.

@

Materials and-Methods

o Ninetyjsix boars, four_from.each of twenty-four
litters, were purchased from two swine-breeders.4b The
animals were selected at random at three days of age and 'do
allotted.to the erperiment. Eight“boars selected-from two
litters farrowed at approx1mately the same t1me constltuted
{:ne repllcatlon. Serlal slaughter of the boars in each of
Wtwelve repllcatlons was- planned according to the outllne
in Table 9. thters and pigs w1th1n litters were allotted
to slaughter ages (or welghts) randomlv by computer. The
pigs a551gned to slaughter’ at three days of age were kllled
by admlnlstratlon of a lethal dose of Nembutal. The
‘remalnlng plgs were weaned at an average age of 27. S days
of age (range 21-36 days) The pPigs were held at the two
farms for at least one week after weanlng and then they were
all moved to The Un1Vers1tv of Alberta Edmonton Research
.Statlon (ERS) at the same tlme. Pre—weanlng management of
the plgs followed s%andard practlcos for Alberta as outllned
.bv Aherne et al (l97d) although there were -some minor

a.

varlatlons between the two farms’ because of dlfferent hou81ng

e

4Wallace Orr, Box 6, Fort MacLeod Alberta and Wayne

1

L 4 ‘;S;t



TABLE 9

ALLOTMENT OF PIGS IN EACH REPLICATION TO TIME

OR WEIGHT OF SLAUGHTER

38

Slaughter Age Litter 1 . Litter 2

(or Weight) = =~ : Number of Pigs Number of Pigs

"3 days | ' | v-_ 1

' Weaning” - - . 1.

+We%niné is the name used to dénote'the;group of
pigs slaughtered after weaning and movement to ERS.

"QBerén line denotes start of floor treatments.

r
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and management techniques preferred by the two farm -
operators. Two ml 1njectable lron5 was admlnlstered to
plgs at both farms within three days of birth. At both
farms sows were fed 4 nursing sow ration at levels to
meet NAS-NRC (1973) requlrements Nur51ng piglets were
allowed access to commerc1ally Prepared creep diets at one

v,‘

. week of age. Plgs wé%e weaned into concrete floored pens
/

at one farm and 1nto ralsed steel pens w1th expanded metal
floors at the other farm Weaned plglets were glven | ‘
commercially Prepared pre- starter dlets ad llbltum Water
was also :*allable ad llbltum. | |

The . boars allotted to be slaughtered shortlv after
weanlng were kllled flve days after arr1v1ng at ERS The |
l.remalnlng boars were then penned in groups of s1x, threéf
boars from- each of two Iﬁtters, per pen. There were some
”pre—weanlng deaths of plgs .askigned to the e;perlment so}h
llttermate boars were ass1gned wherever poss1ble to the
m1ss1ng cell at allotment to pens. z : . -;:
' floor and a minimum of wood shav1ng beddlng and the remalnlng
51x repllcatlons were housed 1n an earth floor barn with
'deep cereal straw beddlng. Each repllcatlon ‘was housed in-

pens measurlng 3.13 m x 1. 41 m.' Table 10 shows the number

of plgs per ‘pen: and the floor area per plg throughout the

SImp051l 200: Iron dextran complex., Flsons (Canada)
lelted 26 Prince Andrew Dlace, Don Wllls, Ontarlo.:‘z ml
dose contalns 200 mg 1ron.‘ . o
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TABLE 10 - .

- NUMBER OF PIGS PER PEN AND FLOOR AREA PER PIG THROUGHOU{/

THE DURATION OF THE SERIAL SLAUGHTER EXPERIMENT

Q2
. ¢ 4

Weight - e o _Nurﬁber of o E"loor Area
. range (kg) - . Pigs per Pen ' . Per Pig (m2)

Q

‘start - 20 ' . 8
C21 - 40 D -5 . | P 089
a-60 + 4o 1ap

1 e ! . . . K S . t

S0 -q120 - 1 g . 4.41.
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duration of the experiment. £

~ Temperatures of the harns'was maintained'at 22 C
‘until the‘pigscallotted to the 20 kg group were slaughtered.
-The temperature from that t1me until the end of the

o

experxment was malntalned at l@ - 20 C.

Dlets and plg welghts. " The plgs weré fed a starter

dlet ad llbltum (Table 1l) from ' the time they arrlved at

. ERS. untll allottment to their pens and then untll the flrst

_—

pig was w1thdrawn from éach pen for slaughter at 20 kg. o

*

At that’ t1me the remalnlng flve plgs were given a oelletted

grower dlet ad llbltum (Table 12).. The same grower diet

was. fed throughout the experlment and was mlxed as

irequlred Water was available ad llbltum from automatlc

o

quench drlnkers Feed qpnsumptlon for "each repllcatlon was

f

.'*recorded .when an anlmal was® w1thdrawn for slaughter in order

€
-~

: to obtaln a measure of feed consumotlon and feed eff1c1ency

for the succe551ve growth phases.

-

Plgs were welghed weekly-and also when pigs'were

. w1thdrawn from repl;catlons for slaughter if the two ~.ays

°
¢

,dld not c01nc1de

Blood serum‘analees. Blood serum samples were

collected From each pig just prlor to slaughter. Collectlon-

" method, treatment affer collectlon and blood serum chemlcal

analyses were_as descrrbed’ln'Part I of éﬁ;sLthe51s,

90



42
TABLE 11

s

-FORMULATION AND COMPOSITION (AS FED BASIS) OF STARTER

DIET IN SERIAL SLAUGHTER EXPERIMENT

Ingredients (%)

Barley'féroﬁnd)»

. S 21.2
¥Wheat - (ground) . . ¢ o ¢« 41.2
Oats (ground) -. 0 o . 2.5
" Soybean meal (48. 5% Droteln) 20.0
Meat meal (55% protein) , 2.0
Heérring meal (70% protein) A 3.0
Rapeseed meal (36% proteln) ' 2.5
- Stabilized tallow © 4.0
-Limestone ’ 0.7
Dicalcium phosphate 1.0
Salt (iodized) + 0.4
Trace m1neral—v1tam1n premlx 1.5
Com0051t10n (by analyS1s)
Crude protein (%) ] : ’ v 20.2
Gross eneérgy (kcal/kg) = v © - 3999
Calcium (%) =S : . 0.88

Phosphorus (%) : . ‘ S 0.76

The premlx suoplied the follOW1ng per 100 kg diet:
0 28 g cobalt~ 2.46 g covper; 29.4 g iron; 7. 62 g manganese;

._ 8.85 g zinc,. 440, 000 IU vitamin A- 55,000 IU vitamin D;

11100 IU vitamin E; 1110 mg r;/oflav1n, 2220 mg calcium
pantothenate, 5050 mg niacin; 5570 mg choline;. 165 mg
folic acid; 1.98" mg V1tam1n B12 It also suppliedg 590 mg
Terramvc1n —10.“. _ : o : ™~
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FORMULATION AND COMPOSITION (AS FED BASIS) OF GROWER

: : : B
DIET IN SERIAL SLAUG_HTER EXPERIMENT
Ingredients (%)‘
Barley (ground) . -.‘~"' o 52.0
Wheat (ground) N ' - 26.5 -
Soybean meal (48.5% protein) 12.5
Herring meal (70% protein) -2.5
"Stabilized tallow 2.5
Limestone - o 0.5
Dicalcium phosphate . - 2.0
Salt (iodized) + 0.5
Tracevmineral-vitamin_premix , 1.0
Composition (by analysis)
Crude protein (%) o , P L '15.9
Gross energy (kcal/kg) . . g 3853 .
- Calcium (%) ' S _ : ©0.93
Phosphorus (%) . \ 0%l

! e

*rhe oremix supplied the following. per 109’kg diet:

0.11 g cobalt; 0.98 g copper; 11.76 g iron; 3.05,.g manganese;
8.85 g zinc; 440,000 TU vitamin A; 55,000 IU vitamin D; -
550 1U vitamin;E; 444 mg riboflavin; 888 mg calcium :
pantothenate; 20204mgvniacin;,2228'mg cholineg’chloride; -
66 mg folic acid; 990 mg vitamin B. . It also supplied 50 g
. ST : 12t 345Q Supplied

of Aurofac-10. ' ' L . e A IR .

o o A

- e
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Cartllage, bone appralsal and carcass analyses.

'

; The boars were kille3d by mechanlcal stunnlng when they

~reached the kllll+ ~ight they had been allotted to at
the beglnnlng of the experlment.‘ Immedlately follOW1ng
slaughter,vthe tgo right legs were dissected out and_
frozen on dry ice (-42.8 C) tolpreserye cartilage taé a A
chemical.study of cartilage not‘part of this thesis; The’
frozen right legs ‘were thawed suff1c1ently to open the
joints and the cartllage of major jOlntS was examlned and
evaluated as described in Part I of thls the51s.
The left side of each carcass was taken:to;the
| bepartment'of"Animal'Science Meats Laboratory'for separation
into bone and soft tissue (contalnlng lean and fat), after’
it was divided into front and hind parts and the skln was
&\removed. ASoft tissue and bone welghts were recorded. The
Jsoft tlssue was ground tw1ce through a meat grlnder, mlxed
{and a representatlve sample (Loo g) was selected by
icomblnlng several small grab samples. The sample of tlssue
was analyzed for dry matter,-proteln, fat and ash>(A.O.A.C-
19705.- Cartllage of major llmb ]Olnts was examlned and ‘
evaluated as descrlbed a ove except that dissected bones had

v

been stored in a frozen condltlon.

Methods of statistical-analyses;' Three crossbred

'plgs from the 120 kg welght allotment group dled before
weaning and there were no pigs to replace them , They_
~accounted for three missing cells in the analysis Of data.

-
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One pig in theiloo kg group became crippled at 55 kg,and
'was siaughtered‘at that weight; Data from that pig.was
excluded from the analysis. Three pigs in. the earth floor
group were kllled at llght weights because the barn
‘temperature could not be malntalned at 16 C when they were
the only plgsygemalnlng. One plg in. the concrete floor
.;group was killed at a llght welght because it grew Slowly.
Analyses of varlance were computed- to determine 51gn1flcant
dlfferences. The sources of varlatloh for analy21ng ‘the .
data for feed’ and growth on'a pen ba51s were- weight growth
:Lphases (N & 6), brLed (N =.2), floor (N = 2), and pens.per
qvbreed (N =ff3).‘ Four observatlons were m1s51ng 1n the 31xth .
welght and an analy51s of covarlance program was used to .
estlmate those missing values These values were then | A

~used in the-analy81s of varlanCe. The sources of varlatlon\‘

Tanaly51s were as-followsﬁ breed (N ; 2), floor~(N = 2),
unlts (lltters W1th1n repllcates) (Ng=d2).'s1aughter weights
(w1th1n unlts) (N 4) and lltters (w1th1n unlts, breed

and floor) (Nv=.3). Elght‘cells were m1551ng from this data.
and they were estinatedlby”analyseS'of covariance. jThese |
‘values were then used in the analy51s of varlance._ To |
'calculate error mean smmre,l degree oﬁ-freedom was subtracted

for each_ mlsslng Value estlmated by analy51suof covarlance :
- . .. ) N . . *' .



46

procedure.
. P

The sources of varlatlon fibr, Hgaly51s of the
'cartllage les1on data were the same gs&the growth and
bone chemlcal analysis group except that- rlgH@?and left
legs (N = 2)$yere also con51dered. -Analy51s of covarlance

program was used to estlmate m1s51ng values on a totaﬁ
- (]

olg leS1on score basis, con51der1ng all s1tes and legs
~This estlmated value was then lelded up w1th1n the m1551ng
cell accordihg to the welghtlng of le31on scores of plgS
w1th1n the weight group from which the cell was mlss1ng.
These values were then used 1n the analy51s of varlance;;
Degrees of - freedom were subtracted agaln in the calculatlon}
oﬁ error mean score. )

'Multlple comparison of'means,'where‘appropriate,'
webe made using Duncan's multinle'range-test {Steel and:

Torr1e,-l960) and means not 51gn1f10antly?d1fferent

'(P <.0.05) bear’ the same letter or no 1etter
o
Correlatlon coeff1c1ents were calculated to

determlne the relatlonshlp in le51on scores between sites
and also to examlne the relatlonshlp between les10n scores

and blood sexrum cOnstltuents

3
.‘2



Results and'Discussion‘ o oo y

Q? A There were no obvious dlSease problems with the;;gﬁ;;d
Y plgs durlng the experlment.. Turblnate and Iung simples
£ several pigs kllled shortly after weaning were submltted
to the Veterlnary Serv1ces D1v151on, Alberta Agrlculturelv
to obtaln an evaluatlon of resplratory disease status.
The hlstopathologlcal report 1nd1cated a mlld nasal and
lung 1nfect10n, although no dlStlnCt atrOphy of turblnates
_was ‘noted. | »
‘ Table 13 summarizes the performance, feed consumptlon
-and eff1c1ency of feed conver31on on-a pen basis for the
_51x growth phases from the start of test to 120 kg. There
were no floor or breed dlfferences in average dally gain
(ADG), average daily feed (ADF'), or eff1c1ency of feed
conver51on (EFC) There were/élso no 51gn1f1cant dlfferences
'jln floor X growth perlod or breed X growth oerlod 1nter—
actlons so those means were not compared by Duncan s test
As one would expect there were highly 51gn1f1cant
;(P < O 001) deferences in the growth perxjod means for ‘
‘ADG.' The lowest ADG ofVO 46 'kg/day occurred for the flrst
period and the greatest ADG of 0.87 kg/day was durlng the
last growth phase. Perlods 2 to 5 were 1ntermed1ate in
‘ growth rate." ;'_J o , |
ADF 1ncreased from 0.83 kg/day 1n the flrst perlod
to 3. 38 kg/day in the fifth perlod and then decreased durlng

"the 1ast perlod to’ 2 95 kg/dav
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7 ‘EFC of 1;53 and-2.44-kg feed/kg gain were not
Edlfferent (P < 0 05) for the first two growth periods.
o Plgs durlng perlods 3, 4 and‘6 were 1ntermed1ate in EFC
:with,3.3l, 3.74 and 3.80 kg feed/kg gain resoectr?ely.
EFC durlng perlod 5 was somewhat hlgher than perlods l :
- 2 and 3 but did not dlffer\51gn1flcantly (P-< 0, 05) from »
jperlods 4 and 6. . Durlng perlods 2, 3 and 4 there wa; ) y
'\con51derable wastage of"feed because of competltlon among
plgs at the self feeders, causing splllage. The wastage &
‘ was mlnlmlzed when the number of plgs 1n the pens  was
.reduced. } |

There were no dlfferences (P <‘O 05) (Table 14a)

‘between breed or floor treatment;lngthe age of .pigs at .

, slaughter. Growth of ‘the nlgs was good* 1th an average

age ‘at 120 kg of 181 davs. Plgs slaughtered at 80 and 100

kg were 143 and 166 days of age which may be slower" growth

0

",than average for boars. Days onﬁﬁpst are shown 1n Table l4b
Again, there were no- treatment§or breed dlfferencesg
Cumulatlve ADG of the boars ?goqgtlme of allotment to
treatments untll slaughter at the 31x welght grouns are
shown in Table l4b £ There were no treatment or breed R d-
'dlfferences at any of the slaughter welghts. ADG 1ncreased
from o. 46 kg/day for the, plgs slaughtered at 20 kg to a'hlgh
of 0. 79 kg/day for nlgs slaughtered at 120 kg Plgs kllled
. at 40, 60, 80 and 100 kg had,‘as oh& might expect, 1ncrea31ngﬁr

- ADG. w1th 1ncreas1ng welght of plgs.
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Blood serum analyses Blood serum measurements

reported are based on 51ngle analy51s of blood samples.,‘
Evaluatlon of the technlcal pérformance of the SMA- 12/60

(Flnley et al 1969) shows ‘an excellent repeatablllty with

e

‘coefflclent of varlatlons ranglng from a low 0 9 for

phosphorus and blood urea nltrogen to a hlgh of 7 0 for

>

SGOT.’ Okal (1975) obtalned good repeatabllltv between
slsamples for all values except those for enzymes, Wthh o
.'appeared to: be affected by hemolels of the blood sampLes.'“

. . Means values reported hereln (Tables 15 and 16)
are'voverall means at each slaughter time or welght." There'
'were no 51gn1f1cant breed or. treatment dlfferences (P < 0 05)
fjfor blood serum: constltuents when each welght}group was -
’con51de;ed. There were changes in nearly allvserum 8 ,
constltuents with 1ncreasing age of the plgs.i' ;E?‘ o

'}f Total proteln decreased sllghtly from '5.59 g/lOO
ml at 3 days to 5.0 g/lOO ml at 43 days (shortly after o f'

weanlng) and then 1ncreased to 7. O g/lOO ml at . 181 days of

age. Durlng the same tlme, albumln 1ncreased from 1. 25 to-

3 29 g/lOO mi, most of the 1ncrease occurrlng by the tlme Eb

LI
¢

the plgs were 43 days old.‘.a-globulln concentratlons were .
the same throughout the experlment whlle B- globullnE : _."’
gdecreased (P <. 0 05) between 3 days and A3 days from l 181
f‘to 0.99 g/100 51 respectlvely and then gradually 1ncreased

to a level of 1. 35 g/lOO ml at,lzo kg. Y globullnlwas hlgh

(l 86 g/lOO ml) at 3. days ‘of age and then decreased (P < 0 05)

Z
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'5to ®.55 and 0.83 g/lOO 1 t 43 days and 29 kg respectlvely."‘?
1 L W

giobulln then increased gradually between the last 5

g

perlods. a - N
~ The observedvchanges of protein fractions are in

agreement with'Mrlier et al. (1961).h The principal*changes
occurred in the Y—globulin and albumin fraotions.

Y- globulln wmshlgh in the’ 3 day plgs because of absorptron
from colostrum of the dams of the plglets.’ Miller - et al.
(1961) 1ndlcated that- there was little or no Y—globulln \éh_
productnon by the ‘baby plg in the first three weeks of life |
and thlS could account for the low 1§pel observed at 43 days
of age in: this exoerlment.. Mlller/et al (1961) reported
that the ;roductlon bf ‘serum albumln beglns very ra01dly
after blrthtand'reaehes a.h;gh 1evel‘short1y,after‘three
_@eeksdof'age without,substantial ohange from then .up to

' siximonths‘of age.’ Large 1ncreases in Y globulln after>,g
: three weeks of age could be con51dered to be an antlbody or
1mmunologlcal reSponse. Such response ‘was not noted in
vthls experlment as measured by Y globulln/total proteln

(%) . and would 1nd1cate ‘no major 1nfect10us agents ‘being -
_act1Ve.. R

’ Bload urea nitrogen (BUﬁ) inoreased‘from 10.1 mg/
4_100 ml at1gldays of age to 19.4 mg/100 ml at 43‘days and
" then decreased to 13.9 mg/100 ml at 20 kg.‘7The ﬁUNdlevels
for 20 kg and su sequent slaﬁghter Weights.didsnot fqpm a’
'cohsistent'patte'n and it is diffioult to interpret the"

' . ) . )
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L"&D r'\
sagnlflcance of the measurements in relatlon to this.

-

investigation. S , o {°

Serum ca101um levels decreased from 11.1 mg/lOO ml
at 3 days of age to 9.6 ‘mg/100 ml at 43 days of age. ol
'Calc1um then increased in the serum to a relatlvely
constant level of 10.8 to ll 2 mg/100 ml of serum Inorganlc
phosphorus 1ncreased from 7.8 mg/100 ml at 3 days to lO 2
"mg/lOO ml at 20 kg,.remalned at that level (10 4 mg/100 ml)
“at 40 kg and then gradually decreased to 7.8 mg/lOO mﬂ.
«These changes agree very well with Ullrey et al. (1967)
4_Thurley (1971) reported that the ca101um, phosphorus product
is a relatlvely good 1nd1cator of the rachetlc or non—nbl 1
.vrachetlc status of the plg and that the product of the two -
vmeasurements should be greater than 40 I; thls 1nvest1—f‘qu'*
gatlon, at all welghts, the calc1um X phosphorus measure t

"was hlgher than 40. An examlnatlon of data of 1nd1v1dual

plgs revealed no values approachlng the low level of 40. N

This would 1ndlcate then, that the nutrltlonal calc1um and t:“

phosphorus status of the plgs was normal m_' _;
' Guyton (1966) 1nd1cated that alkallne phosphatase

Als secreted by osteoblasts when bone dep051t10n occurs, and

' that this hormone dlffuses 1nto the blood s ach that.

osteoblast or osteoclast act1v1tv can be estlmated by the

.relatlve c1rculatory concentratlon.: THe relatively hlgh .

level of alkaline: phosphatase of 888 mU/ml at 3 days of age‘

and a contlnual decrease to 139 mU/ml at 120 kg would 1ndlcate

L}
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a decreased osteoblastlc act1v1ty ‘and decreased bone

&

growth. It 1s pertlnent to. point out the great deal of
_varlablllty in the measurements of alkaline phosphatase

as 1nd1cated by,the standard error. of. the means.

¢

Importance of glucose, chole&iérélé LDH and SGOT

0 < AR .
are dlfflcult to 1nterpret in relatlonvt thls 1nvest1gatlon

but appear to be 1n the normal ranges reported by Kaneko

‘and Cornelius (1970) and converted. to the units reported

in Table 1s6.

éppraisal of joint cartilage; The cartllage leslons

-

that were observed most often are 1llustrated in Plates 1 to

~;6. Plate l presents the prox1mal humerus jOlnt of the front
leg and shows a roughenlng of cartilage and deore851on
grooves'that ‘may result from abnormal hlgh.plessure in the
.'small areas concerned The-mosé{commog cart lage les1on of
the dlstalvhumerus (Plate 2) appears as an 1rregular1ty ‘and
spllttlng of cartllage with apparent collapse of the sub-
: chondral bone. Severe lesions of‘thls nature were character-
:1zed .by llftlng of the cartllage and, 1n-some cases,
J“:removal of the cartilage from the affected area.. The
underlylng bone appeared spongv and soft ln nature.

-Plates 3:and 4 show typlbal le51ons of" the prox1mal
’ femUr} They appeared as a flattenlng of the top (Plate 3)
of thé femoral head and groov1ng on both 51des (Plates 3 and

- 4) near the bottom of ‘the femoral head Agaln the grooves

may result from abnormal . pressure in thOSe areas..

M . - .
. i - ‘ _ -
. N R

. \"y' '



Piate 1. Proxima] humerus of a p1g The cartilage

surface 1s rough and shows "wear grooves : =

b

Plote 2. Sp11t,,separated cart11age with collapsed
" subchondral bone tissue in the medial Spndy]e )
humerus of.a p1g .

60
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Plate 3. Femoral head of a p1gA§howing‘f1attened
appearance: and ev1dence of co]lapse of subchondral
. bone.

. p 3 N N .!

'PTate 4, Femofa1 head of a p1g shoqug'“wean*ggoove
on r1ght s1de of bone,
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humerus ‘as shown in Plate 6. _ Y'

in the last 3 groups of boars. | ' o E

63

There were several observations of thin, red and

\)‘

occasionally rough cartllage on the medial condyles of the
. 0}

humerus (Plate 5). The cartllaée appeared qu1te transparent

and the red appearance probably resulted fom the color of

ESNEE

 the underlylng bone.

Plate 6 presents the typical lesion observea in the
'cartilage of-the‘proximal radius—ulna and consisted of an
erosion and dlsappearance of the cartilage in an. area of the
ulnar notch. It was qulte often accompanled by the

N

spllttlng of cartllage in the adjacent medlal condyle Of the

-~

The 1nc1dence of cartllage les1ons in the leg joints

'examined 1gnor1ng breeds and- treatments, are presented
-in Table 17a. Table 17b presents 1nformat10n of the same

“nature.comparing the two breeds and Table 1l7c compareS-the

1nc1dence of 1e51ons of plgs on the concrete floor. compared

with the earth floor. Figures 1 and 2 present the percent -

- incidence of arthrosis in the D. HUM and P FEM reSpectlvely.

The 1nc1dence of arthrotlc lesrons generally lncreased-

with 1ncrea51ng welghts of the boars.. Flgure 1 suggests that

1nc1dence of 1e51ons in the dlstal humerus 1ncreases dreatly

‘between the 40 and 60 kg welghts and agaln at 120 kg. Flgure

2 shows that there was a hlgh 1nc1dencé of le51ons of the

P. FEM of the boars in thls exoerlment, a somewhat 1OWer:

klnc1dence 1n the boars at 60 kg and a hlgh 1nc1dence (75-78%)

PR
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appears

[T

‘PTate 6.

- surfaces i

chondra1

E]bow Jo1nt of a plg

1s split and separated W
bone t1ssue

D1sta1 humerus of a b1g -Carfi]ége‘
thin, red and rough o

Cart11age on both

ith co]]apsed sub- -
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The joint 51tes, accordlng,to this 1nvestIgat10n,
'

may be considered in three groups accordlng to the’ 1nc1dence

of les1ons, high, medlum and low 1nc1dence groups. In the
/ f .

high 1nc1dence group may be con51dered the D. HUM and P. FEM
w1th 34 3 and 42 8 percent average 1nc1dence for those two'
B jOlnt surfaces respectlvely.L P, HUM and P. .RAD may he

con51dered as medium 1nc1dence sites wnth 16 7 and 15. 26 _ ¢
average 1nc1dence of le51ons. The other 51tes examlned may -

be con31dered as low incidence lesion areas.'
An examlnatlon of Taole l7b shows no general trend

for occurrence in leg;;ns cf the D. HUM P HUM, P. RAD ahd

p. FEM up to 20 kg. At heav1er welghts, lesions generaily

%y

,occurred more often in Yorkshlre than 1n Crossbred boars when

9 the P. HUM, D. HUM and P RAD were con81dered., Con51der1ng .

", .
B

the P FEM there Was no deflnlte trend but’ the Grossbred

j boars had 1nc1dences at 100 and 120 kg of 83% compared W1th @s

AN 7

lower (P < Q- 05) Values of 62 5% and 759 for Yorkshlre boars-
| of thOSe r pectlve welghts. o 'f ' 'o-ﬁ‘
= When combarlng 1nc1dence of cartllage les1ons 15 the m;

two floor treatments, there were no, con51steht effects.t The

-

“F average 1nc1dence for P HUM and P FEM of 13 6 and 36. 5%, on

,\.‘

A .ﬂi‘

_concrete were 1ower (P < 0 05) than 19 5 and 45 8%, the. Af
. averaée 1nc1dence\f0r P. HUM and P. FEM on earth floor.f
There was no dlfference 1n the percent 1nc1dence between ";';

floors in the P. RAD The average 1nc1dence for D. HUM of .

y 36% ‘on concrete floor was hlgher (P <'0;05) than-26.6%' |

e : i . I

! G



/0
incidence of lesionS“On earth floor. Con51der1ng the »
- treatments at 1nd1v1dual welght groups, there was no
Aapparent trend in the 1nc1dence of le51ons on the two

bl

vfloor treatments . i ‘_ ‘.\T4

/. \. . Table 18a and Table 18b present the severlty of

.cartllage lesions as evaluated by the method descrlbed in

- Part I of- thlS'theSlS The various SLtes can be grouoed L

'1nto s1m11ar grouos as. the above dlSCUSSlOD, D HUM and ' .

P —FEM bevng 1n a most severe incidence group; P. HUM and‘ B

P. RAD,;ln an,lntermedlate group and the;remaining four

.s1tes in a mlld grouo Severity of le51ons generally

1ncreased w1th welght of the pig with the greatest 1ncrease

occurrlng from 60 kg upwards in the case of the high 1nc1dence

group and le31on score 1ncrea51ng later, at 120 kg, "in the |

'1ntermed1ate group. Most severe mean le51on scores were l 59.

and 1. 37 in the D HUM and P. FEM at 120 kg (Flgures 3 and 4).
.hg Table 18b compares the severltv of lesions between

rlght and left legs of P. HUM, D; HUM, P,‘RAD;and P. FEM

at seven of.the.slaughtef weights{ “TherelWere'onlyv

.differencesv(P <. 0 05) in three of the twenty elght

L4

comparisonsvand it may be concluded that the severlty of

l '7, I

,lesions did'not dlffer between rlght and left legsv -QA%Q;
w oo » E
'_"Qf Table 19 presents 51mole cprrelathn coeff1c1ents '
L N _/\ -

'of les1on scores ‘for comparlsons between left and rlght

‘joints tfat D. HUM, P. RAQ and P. FEM. The g‘flfteen compazisons

indidated‘Significance (P <.0.05) in thirteen ofithe v{;

A 4T
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o TABLE 19

CORRELATION COEFFICIENTS CALCULATED FOR CARTILAGE LESIONS

AT JOINT SITES WITH OTHER JOINT SITES

. i _

R.P.FEM LP;FEN ' RP.RAD IP;RKD; RD . HUM
FEM N~!» 0.52%xxt -
RAD" 0.11 0.1lo% »
IIP.RAD ©0lsoex 0.31%% . 0.09 L
\\;Eégggg 70.37***j | 0.49%k%  Q.58**%  (, 45xk*
St | | cTT T .
LD.HUM 0.37%*%  §.39%%x 0.23%" ‘ko.ssf**v 0.58%%*

4

e _ indicates q1gn1f1cance at.(P < 0. 05),
-** - 51gn1f1cance at (P <" 0.01), *** - significance at
(2 s 0. 001) ' ‘



. va 1e of. 10. 7%.'\

e L LT i?;‘,:f girfltjss‘
correlations.'fOf interest;‘the mean‘lesion scoresUOf‘the ﬁ‘
left P. RAD were not correlated w1th rlght P. RAD whlle
correlatlons between rlght and 1eft P FEM and left and
right D. HOM were 0. 52 and 0. 58 respectlvely. . .
Table 29, presents the mlneral analysis of_the
right humerus shaft{:comparing neansvat'each killing weight
but ignoring breed and treatment.odAsh calcium and phosphorus.
l'values and calc1um phosphorus ratlo dld not dlffer 51gn1f1—
cantly (P < 0 05) when breeds or floors were compared at each
~ killing- welght. Ash content of the bone decreased
n(P < o.pS) from 57. 2% at 3 days to 55 9 at 43 days (weaning,i
then 1ncreased (P < O 05) at each kllllng weight to 64\4%
y'at 80 kg and stayed at a 51m11ar level of 65.1% and 64.5%
at lOQ and l20(kg respectlvely.- S ygf
" Bone calcium was loWest at 3 days'(2l.8%)fﬂZ§ da&s
.(22.4%) and"20dkg‘(23,2%),.increasing\from'Zé.l% atj4Q»kg
‘to-26 8% .at 80 kg and then aeciinihg'to 27 .6.and 24.2%
at 100 ‘and 120 kg,‘respectlvely.
Bone phosphorus increased (p < 0 05) from 9. 3% at By
R - -

z days to ll.7b at 20 kg and then'remalned,at about the same,

2

| 1.
‘le =21 with the exceptlon of plgs at 60 kg Wthh had a lower-vv
kg L

Calc1um phosphorus ratlo changed somewha— with. age,;
: belng high (2 36) at 3 days, decrea51ng to 20 kg and 1ncreaslné
to a hlgh of 2.55 at 60 kg, ther decreasing in the last three

weight groups to'2.10 at 120 kg. - . & -
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TABLE 21

' CORRELATION COEFFICIENTS CALCULATED FOR RELATIONSHIP
BETWEEN CARTILAGE LESION SCORES AND = KI

. : . BONE MINERALIZATION

<
Ash Calcjum  Phosphorus ‘Ca_/P -
Left 'D.HUM 0.18 -0.26 0.11. = -0.24
Right D.HUM ©0.16.  -0.19 0.29% . -0.31
Left P.FEM 0:32% -0.06 0.27

Right P.FEM . 0.41 0.19, -0.05 ©0.17 -
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The bone analy51s values in thlS 1nvest1gatlon

compared favourably with values con51dered normal, publlshed

by Stockland and Blaylock (1973) and Llptrap et al. (1970) .

’Correlatlon coeff1c1ents, calculated for the relatlonshlp

between cartllage les1on scores and. bone mlneral values

of the 80, 100, l20 kg groups were low and showed no

relatlonshlp between =he severity of 1851ons and the bone

analyses values.

T

Shetlar et al. (1958) found elevated globulln and

lowered albumln in arthrltls ‘caused by chronic erys1pelas,

Sikes et al (1967) revealed elevated cotal serum proteln

ks 5"

in. arthritic swine. Cornelatlon coefficients were calculated

betWeen,lesion scores at left and right D. HUM and P. FEM

and several of the blood serum parameters (Table 22) using

v‘lnformatlon from the 80, lOO and 120 kg groups respectlvely.

These three weight groups were chosen because the blood

o

parameter values selected did notAdiffer (P < 0.05) between

:'roups.. Thn e were two significant (P < 0.05) §§

ﬂsqrrelatlon values between left and rlght D. HUM and ‘inorganic

Jphoasfyrus (-0. 34 and -0. 32, respectlvelvﬁyix Lowered L
b

;Y

ik O

QR

,o*related (P <«O 05) with 1ncre/ﬁed le51on score

at‘rlght D: HUM (- 0. 44) ' Lowered>album1n was correlated

<

(P ﬂ 0 05) w1th lesion score at rlght P. FEM ( -0. 28) and
Jt) '
ﬁW ﬁ'de qlobulln was correlated (P < 0. Ol) wrth les1on score

at ﬁeft 2. FEM mmhere .was a p051t1ve correlatloﬁ’of 0 35

(P < 0 05) between le310n score-at rlght P FEM and

N

. .*!’ N . : "_. . '.;i_g.(.

. . 3,\_.’
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3}

y—globulin. These correlatlons are too few to suggest
that there are any relatlonshlps between the le51ons
' observed and any 1nfectfous agent. The blood parameters
measured in this 1nvest1gatlon do not suggest that there
isany gross metabollc or pathologlc changes occurrlng w1th
the incidence of ]Olnt cartllage lesions. o

. Duthie and Lancaster.(l964) and Thurley (1971)

reported the hlghest 1n01dence of mobllJty dlfflcultz’;g/////

fast growing sw1ne. Grondalen (19744a) has shown however, “

that rapld welght g&ln does not necessarlly give a hlgher

'1nc1dence and degree of joint 1es1ons. Correlation analysis'

e

‘was done between le51on scores at the leftrand_right D..HUM

and P. FEM and average dally galn (Table 23) /'ReSults'of

J?

§0; 100 and 120 kg groups were - used separately and then

,comblned to obtaln four _separate correlatlon coeff1c1ent

values for each jOlnt le51on score. Values for the

T

comblned groups ‘were generally léwer than the Values

.calculated for each group separately even though there

*was very little difference in growth rate between the groups.
Correlatlon values for each group were not con51stent, the
100 kg group hav1ng a negatlve value of -0. 8 for rlght |

D. HUM w1th average dally—galn and the 120 ké group: hav1ng6
a value of +0 50 for the s1m11ar comparlsOn Both values

were s1gn1f1cant at (P < 0.05). The low correlation‘values
e . \_\ i : . , . ' : . . . .
for the groupsjbombined appear to be as a result of the lack

y . \‘- . . : ,_,‘» ,,',.‘-—”:\ \ ’ 0 -‘ ¢
of agreement between groups for -correlation relationships.
1 - i
|

y



TABLE 23

CORRELATION COEFFICIENTS FOR CARTILAGE LESION SCORES
RRELATIO 1 | , LB .

<7

WITH AVERAGE DAILY GAIN

{80kg  100kg  120kg -  Combined

b

1yl
S

LD. HUM ~0.25 *  ~0.26 0.47 1 0.10+
RD.HUM 0.13 . S0.58% 050 " 4,15

LP.FEM & - -

RP.FEM
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“

It is suggested, from the data in this Q%beviment hat

¢ *
fast growth does not have a dlrect effeQP 0m the severltv

L ¥
i .

of cartllage le51ons ' N

B

83

There were no breed or floor trQﬁtment dlfferences

,at any of the welght groups in tlssue-dqfsectlon or muscie

(

-

+ fat prox1mate ana1y51s results Nd*rQ}thonshlp exlsted

Ls
between ‘the muscle +' fat to bone ratlo NS that data 1§\notx

dlSCussed in the text. Means for ‘tissug, lesectlon ahd

»

4

. analyses are pfeseﬁted in Appendlx TaleF 2 %nd 3.



- GENERAL DISCUSSION AND SUMMARY

N . . . . 5
-

Exercise,‘during the growing period, reduced
- (P-< 0.05) the.severity“of leg Weakness in boars. . Boars .

exercised at 2 and 4 km/h, threeldays a week for 60 min

NN

.

(8
\§ each day had fewer (P < 0 05) leg abnormalities and better «

oblllty than non-exerc1sed Controls Front legs werev =
moxt severly affected 1n_the Controls and were 1mproved
i\Lmore_than the.hind legs‘by-the'imposition of exerclse;.
The severity of arthrosis} as, judged byflesion scoré was not'
v51gn1f1cantly (P. < 0. 05) affected by exercise although boars
' exerc1sed at- 2 km/h tended to have less severe‘1e51ons\than
the COntrol;or 4 xm/h groups, 'Itrls p0551ble/that'exerc;se,L
'jincreased ﬁgscular stréngth“Which.providedvbetter support
for the‘legs of exerciSed‘pigs. |
Gxondalen (l974f) 1n one experlment found no
51gn}f1cant relatlonshlp between ]Olnt le51ons and leg . f

2

'weakness in slaughter ‘pigs. however, in another experlment,'

-
v

:plgs slaughtered because of severe leg weakness showed a

high incidence sev nre degree arthr081s in several 301nts&:
Based on ghe..cld; : rted .and on. prev1ous studles, there
'appears to be = - *clatlonshlp between cartllage le51ons and-

lég weakness but the extent ‘of. the. relatlonshlp lS unclear.

| Cartllage 1e51ons were. observed most frequently and
weﬁe the.most severeé in the dlstal humerus‘and the_prQX1ma1‘l;
femur.“CartilageuleSions.occurred less‘frequently innthe
prox&mal humerushandnthe'proximalhradiusvulna andaseverity

g\ I ' B
e ’ g . S 84
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}éfflesions was judgeéd lower than that of.lesions in the )
. l' ‘ R . i ’ R . .
distal humerus and the proximal femur. Cartilage lesions

~ ”

~

odiurred also in the distal'radius-ulna, distal femur,

proximal tibia and dlsta1 t1b1a but they were less.severe

4 1
ard occurred less of ten than 'at the other 51tes. “The '

characterlstlcs of the le51ons were descrlbed as 1llustrated
. .

-

in Plates 1 to 6. B It cannot be detenmlned from observatlon

of the le51ons whether physial trauma is the cauSe of the

le 1S or whether - metabollc def1c1ency contrlbutes to
the problem. . o 'g/ L - F ; ,
: Grondalen (l974e) demonstrated large 1nd1v1dual

V

wdlfferences in skeletal and jOlnt measurements - and he- belleves
that some of tﬁ%{varlatlon in shape and size of the ‘elbow
and stlfle jOlntS are correlated w1th the 1nc1dence of

arthros1s and leg weakness.f He suggests that some of the_
- 3 :
-changes in shape put abnormally high pressure on locallzed

°

\areas of the'301nt and contrlbute to the dévelopment»of
lesions. No measurements were made Jn the present -
experlmenb to detect changes found,by Grondalen and no -

statemen$ can be made regardlng “the 51gn1flcance of such
Pchanges. o ‘g°m,s_:- S S

-,

CartLlage lesions of a mild degree were observed 1n;

thls experlment shértly/aft;: weanlng, 1ndlcat1ng that the

COndlthn does occur in . the very y@ung pig. There were no.

v -

cons1stent dlfferences (P <2 0. 05) between breed or floor'"

treatments i the lnc1dence or severity of cartllage.le51ons,

S
-

B3
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'”suggeSting that/genetics or physicai'trauma'caused‘by .

'hard floors -are not major actors contributing”to arthrosis.

Yy There was good Jgreement between le51on scoresl

at left and rlght prox1mal femur, left and rlght distal

| humerus and left and rlght prox1mal radlus-ulna.

Blood serum chemlcal proflle constltuents dld

not reveal any gross metabollc abnormalltles and there were

-

_ho apparent a58001at10n between dartllage le81on _scores 2

and the concentratlons of any of the blood const1tuents='

¢ -~ !

"%xamlned. ~Bone mlnerallzatipn appeared to be.normal and

there were‘no 51gn1flcant relatlonshlps between bone analy51s
TN . .
..results and le51on scores. -

“

Nlelsen (1973) and Grondalen (19744, %974f) belleve

F-1
sthat fast growth 1nduced by high level feedxﬁé 1ncreases-the
incidence of bbth'leg weakness and cartilage.lesions. There
: - _
was .no apparent relatlonshlp 1n the experlment descrlbed here

PN

between growth rate .and the severlty of cartllage le51ons
5 w1th1n welght group. There was however, aﬂ51gn1f1cant J

(P < 0 05) 1ncrease in 1nc1dence and severlty of le51ons

w1th 1ncrea51ng welghts of plgs up ‘to l\? kg, most of the.

changes occurrlng between 60 and 120 kg.—~\\\ - _," . -
LS o . v
The two experlments reported 1nd1cate that cartllage

: les1ons 0ccur in plgs that are housed ‘and managed under
very dlfferent condltlons. ~Boars 1n tbe exerc1se experlment-

were strlctly conflned 1n 1nd1v1dual pens except/;or exerc1se;l;-

the two exerc1se groups. .In the. second experlmen

N S '_ . oL _ '“ .



Sy 8/
boars ‘were housed 1n groups w1th more floor area _per pig
> o

than in the flrst experiment -and no . effort was made to

+ . .o

impose exerC1se treatments on the plgs._
The experlments reported here do not answer many

.questlons regardlng the cause or. causes of leg weakness and
.cartllage le51ons of boars.' They do 1nd1cate that exerc1se-
reduces the severlty of . leg weakness. Cartllage le51ons
toccur early 1n the lrfe of bbars and generally increase in
frequency and severlty with lncrea51ng dage and Welght The
' experlments reportédJIndlcate Rhat arthr051s is not caused °;gv
- by fast growth,/bone mlneral deficrenc1es, or blood serum‘f B
metabollte abnqrﬁalltles. Blochemlcal and hlstologlcal

'studles presently belng conducted but ‘not- reported here may

‘
- ‘ S -
iprovrde some_answers to the cause - or causes "of arthrosrs.’\

7"

arthros;s.j
%
e

. . . e W - . e



\

 BIBLI 3RAPHY

- 88



'3'1975: A s{hplei

: ‘ large bones;;
Cou. Lo
y ’ - R
. ot J’

AEERNE, F. X., BOWLAND

J. 'B. 197ﬂ

Univ. -
Alberta Bul. Alberta. .
STS. 1970.

BITTNER, B:hahd‘Mdégg
BN S 3y .

phenanthroline dhelate in the determlnatlon of

monosaccharldes 1n whole. blood. AmafJ. Clln.‘

Paﬁh 40: 423-424.

BOWLAND J. P., FREDEEN,_H T, HARBISON, DJQS;,bﬁaglés,‘

S P“ 1973. .Unpubllshed.data; - N
, e T e

- BROWN, M. E. 1961 : Ultra—mlcro sugar determlnatlons us1ng

2, 9 - dlmethyl - l 10 - phenanthrollne hydrochlorlde

S

(NeocuprOLne) Dlabetes..lO' 60-62."

.89



- \CARLE;"

[

ey

‘.

..

| DOORNENBAL,

{

quTHIEffI

B. N.

"ing:swine. J.
LT .

I

'”'CHRISTENSEN N O. 1953

A

‘Amer. Vet. Med. Assoc. 101l: 495-496.

- 90

[
A

"Impotentia cOeundi in boars due

to arthr051s deformans. Proc. XV Int. Vet Congr.,

St@pkholm.

b I

'"‘fCOLLINs D H.

and GOLDIE,ZW 1940.

. Part I, 2 742—745.

Observations on

polyarthrltls and on experlmental Erysxpelothrlx

'1nfectlon of‘sw;ne.

By

1

COmPOSltlon of the - plg.

RV

H.

LN

”1§ﬁﬁ='

\

A

“J. Path. Bact. 50: 323-353.

Growﬁh;'develepment aﬁd'chemicalr

‘Growth 35: 281-295.

{

3

and LANCASTFR, M.oc. 1964, Poiyarthritis

'fand eplphyseoly51s of plgq in England Vet Rec.

" ELLIOT,

16 263- 273

Jg. I.

-

nd DOIGE, C. E. 1973.

Effects. of type of

conflnement on performance and on the occuﬁrence

——

~of 10comotory dlsturbances in market pigs. Can.'T,

-J. Anim. Sc1.

53: 211-217.

EVANS, E.*B.;EGGEQS, G. W. N., BUTLER, J. K. and BLUMEL;

- J. 1960.

zation of rat knee joints.

42-A:

737-758.

-

and DEWHIRST, W. H. 1942. A method for bleed-

Experimental immobilization and remobili-

J. Bone and Jt. Surgery.



A

RN

 GRONDALEN, T. 1974b. Osteochondr051s and arthr051s in

FELL, "B. F., LEIGH, L. G., WENHAM, G, ‘and ELSLEY, F. W. H,

'GRONDALEN,1T.11974a; Osteochondr051s and arthr051s in

91

.~

~

1970. Observatlons on the 1nc1dence of spontaneoqE\_
lesions of bones in pigs. ' Br. Vet; J. 126: 306-315.

+ - -

- .
e ' . \ ; : -

FINLEY, P. R., GILLOTT, L., PETERSON, D., ZUDERSON, F. and
| | BOXMAN E. 1969. Evaluatlon of the technlcal
.performa ce of the SMA 12/60 Advances“in R
Automatedl Analysis, 1969 Technicon Intethational

‘Congressf 1: 145-153, Pub.'Mediad‘Incofporated,

. 188 East Post Road, White Plaing, 1.Y. 10601,

A

.GITELMAN, H; J. 1967.. An 1mprOVed automated prooedure for.

the determlnatlon of calcium dn blologlcal specimens.

Anal. B;ochem 18: 521- 531,

-

pigs.  I. Inc1dence 1n anlmals up to 120 kg 11ve

‘.. Weight, Acta Vet. Scdnd. 15: l 25

plgs II Inc1dence ‘in breedlng anlmaI“ Acta. Vet,
Scand 15: 26 42. B

GRONDATLEN, T 1974c. Octeochondr051s and arthrosis in
plés., III A comparlson of the 1nc1dence in younc
the Norweglan Landrace and Yorksﬁlre

Vet. Scandf:%S: 4?—5?- d_? v =y

-animals o

breeds. Ac



o | ' S S92
GRONDALENf T. 19744. Osteochondr051s .and arthr051s in,

pigs. VI._ Relataonshlp to feed level and calC1um,
i

R phorphorus and proteln levels 'in ‘the ration. Aeta.

Vet. Scand. 15: 147-169. = y o

L]

GRONDALEN, T. 1974e. 'hondr051s and\arthrosis in
| 4 ‘bigs. VII. jﬁeJaklonshlp to’ 301nt shape and exterlor;
‘cOnformationw Acta. Vet. Scand. 15, §upp.“ Ty
46: 1-32. |
| ¥
GRONDALEN, T. 1974f. Personal communication.

e

'GPONDALEN, .,agi\GRONDALEN, J. 1974. . Osteochondrosis and
<n . f
' | arthr051s in pigs. 1Tv. Effect of overloading on

the dlstal eplphyseal plate of thé ulna. -Acta.
Vet. Scand 15z 53—60., \ _ "’J

. GRONDALEN,  T. and VANGEN, O. 1974. OsteochondrOSis and
| | , S ,
q

- thIOSiS'in pigs. V. ‘A comparlson of the
"1nc dence 1n three dlfferent llnes of the

‘Norweglan Landrace breed Acta. Vet. Scandq

GRUNBAUM, B;‘w.,’ZEé*‘J;, ana DURRUM, E. L.1963.
Applicatlon of an 1mproved mlcroelectrophore51s
technlque and 1mmunoelectrophore51s of the serﬁhq

protelns on cellulose acetate. Mlcrochem, J.. 7:41-53.



i

0

'_HQEST' R, O 1964.. The détermination ofbnucléotide’-- 3\

® - Sy © . 93

N . : . S

”GUXTON, A. C. 1966. Textbook of medical physiology"

(3rd. Ed;) W. B. Sauﬁdérs'Co., Philadelphia.

w/ } ‘ . - \1‘/;/ ‘ ) 7 ‘ - : ’ k Fl
. . 4
HEINZE, C. D.)’MORTER» R. L., and TIFFANY, L. W. 1963. - .

A

‘Assoc1at10n of Pleuropneumonla like organisms
with polyseros1tls 1n adult swine. J. ‘Amer. Vet.

Med. Assoc. 143: 267-270.

'\\_._

'HOCHELLA, N.*J. and WEI;FOUSE 5. W. 1965. ‘Automated assay

of Lactate Dehydrogenase 1n urlne. Anai. Biohhem.

© 133 322-335.

HUANG, T. C., CHEN, C. P., WEE

V3 and RAFTERY, A. 1961.

A stable reagent for t ¢ Liebermann-Burchard reaction. .-

— . . . )
Appllcatlon to. rapld seruT;Fholesterol determination.

vAnal Chem. 33: 1405-1407§ -

HUGHES, D. L. 1955. Arthritis n oigs. Th“ ~xoer1ment@l

dlsease 1nduced by Fry51pelothr1x rhu51opath1ae." e

B, Vet. J. 111: 183- 194.0 0

5.

phosnhorus with a. stannous chlorlde hﬁdra21ne

gulphate»reagent}': -of‘Biochem. 42: 287—?92u

v

B



2 ) . ) . . \\ , o 3 . i E . \

KANEKO,. J. J. ang CORNELIUS, C. E. 197p. Clinical
biochemistry of.domestic animals. Vol;_i;/'

F'(an'Ed.)vAcademic Pgess, Nevaork.
S - o _ & :
) . ’,," o . . ) _‘ ) ‘ ”

. KRAML, M. 1966. - A seml—cutomaeed fétérmiSation of -

& LR , phosphollplds C_ln. Chim. Acta. ‘137 442-%@8.’

LIPTRAP, D. 0., MILLER, Ee=R. ;'ULLREY D. E., XEAHEY,
e - ¥. K. and HOEFER J. A 1970. Calc1um 1eVel for

developlng boars and gllts‘é\J of Anlm..Sc1,'

317 540 -548. 7 B B |
O B N

LJUNGGREN  G. and REILAND 5. 1970.  Osteochondrosis in

SO adolescent anlmals. An endocrine disorder? calc.

~
TlSS. Res. 4:,150—151. ) D _

/= MARSH, W H., FINGERHUT B. and MILLER H. 1965. Automated -

and manual dlrect methods for the determlnatl@n of T [W

blood urea. 'dlin.‘Chem._11:f624—627; e .

MILLER, E. R., ULLREY D @% ACKERMAN I., SCHMIDT D A
HOEFFER, J. A. and LUECKE R. Ww. 1961 &Swlne
hema%ology from blrth to maturlty fI.fSeru% ‘

,protelns.ﬂJ; of Anlm. 801. 20: 31535,



3 95
MORGENSTERN, ' S., KESSLER, G., AUERBACK,«JE,,FLQQ R, V.

and KLEIN B. 1965 ~ An automated p - Nltrophenyl— -

’ phosphate ‘serum alkallne phosohatasewprocedure for

4 * \
the autoanalyzer Clln. Chem.,ll:;876—888. o
3 < ‘ "_,?_ , '__' v . ] A,, . .
MORGENSTERN” S., OKLANDER M., AUERBAC%VJJ K., KAUFMAN,»
& . e
Y . J. and KLEIN, 1966. Automated determlnatlon

of serum glutamlc oxaloacetlc transamlnase. Clin.

!

.Chem.,lz. 95-111.
MURRAY, D. M., BOWLAND, J‘_é:} BERG, R. T. and YOUNG, ﬁ._A.»f
o ‘1974 Effeets of.enfgloed eXereiSe on gtowipg
,“w‘plgs .Feed 1ntake, rate"of galn,‘feed convers1on,
J'A:} i dlssected carcass compos1t10n, and muscle welght'
ﬁ ff%kj;fdlstrlbut;on. Can J of Anlm.ASc1; 54: 91-96..

mccr/':j ) ) Co h o .
“Q’ Ry » ' E ..\.

NATTONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL.

1973. Nutrient;fequiremeggsvof dome

'?j~\“. No. 2. Nutrient requirements'of swine. th rev.
‘ed., Washington, D. C. 20418. o

Yl [ A AT N R ”

'NEHER, G- .. . 64. Arthritides of swine. The differential

. e . I S .
diagunosis. - Ill. Vet. .7: 3-9. oo



96

NEHER, G. M., DOYLE, L. P., THRASHER, D. M. and PLUMLEE,
- M: P. 1956. Radidgraphic and -histopathological
g flndlngs in the bones of sw1ne def1c1ent in

manganese. - Amer. J Vet. Res. 17: 121—128.

f Q

NIELSEN, N. C. 1973. Arthrosis in pigs. Nord. Vet.
. . . . S - R ) L oy
Med. 25: 17-27. 7
: , o
| < - N

" : o . . ¥
"-.OKAI, .D. B. 147s. Persopal cdmmunicatibn.‘“ /8

ROBERTS, E. D., SWITZER, W, P. and RAMSEY, F. R. 1963.
V.V, | ?he pathology of Mycoplaema hyorhihis ar%hri;is

' produeed.experimentelly_in swine.\géfef.'J.'Vefge
Res. 24!119;30. ’f>_ ".‘  .'f\' ¢; i- | \

S . . VY
o ° v - . . . - . e ¥
- - . R

 SHETLAR, M. R., SHETLAR, C. L., PAYNE, R. W., NEHER, J. M.
. "and SWENSEN,,C B. 1958. Serum‘protein and
2]

glycoproteln -alteration in swine with experlmental

arthrltls. Prqe,,Soc;’Exp, BlOl Med 98: 254:-256. .

i » : . -
- - ' (ﬁ, . a
'SIKES ., FLETCHER, - and PAPP‘ E. 1967., Further studies
“on the pathologlc al'eratmqp of t{ﬂgues of sw1ne

glven repeated whole blood transfu51ons from sw1
w1th rheumateld llke arthrltls. “Am. J. Vet.-Res.

28"1413 1425



-y

_ 97
o S g
SIMUNEK, Z. and MUIR, H. '1972. Proteoglycans of the knee-
j;int cartilage of young normal and lame pigs.

Biochem. J. 130: 181-187. ) . “

\

SMITH, C. 1966. A‘note’oh-the heritability of leg. weakness
scores in ¥igs. Anin 2rod: 8% 345-348.
_ , . e

S?EEL, R. G. D. ané TORRIE, J. H. 1560. Principles and
procédufes»of:staéistics;v‘McGraw—Hill quk
Companfiélnc.; Toronto, Ontaric. S \‘

"CKLAND, ‘W. L. AND.BLAYLOCK.'£.1G.,.1973.‘ InfluenCevofi

dietary calciuﬁ and phpséhbrﬁs 1évels on the'
performance ahd‘bone characteristics of gfowing -

. finishing swine. J. Qf Ahim..SEi. 37: 906-912. %4.

TEUSCHER, T., WENIGER, J. H;,~STEINHAUF, D. and PFLIIDERER,
,V. E, 1972.> Das BeinSChﬁaéhes Jdron:KBSS) beim

. V%Schwein in séiner Beziéhuné z- ~ Mastleistung Und‘

| zum thlachtkbrberweft,vfé. Tier. Zuchbiol.
89: 335-339. . . jv |

3

THURLEY, D. C. 1965. . Arthrdpathy in-pigs. Proc. Roy. saé;

' Med. 58: 369-370.

- o



»_THURLEY,'D. C. 1969. Changes 1in the epithééal cartilage

o

3

- Vet. 6: 217-226.
. ' )

_ - 0 |
| PHURLEY, D. C. 1971. Locdmotor diseases .of pigs.’ N. 2
URLE . dis s N

Vet. Jour. 19: 121-126.
TRIAS, A. 1961.. Effect of per51suent pressure on the
artlcular cartllage. "J. Bone Jt. Surg. 43B:

b
[

376 386.

 ULREY, D. E., MILLER, D. E., BRENT, B. E., BKADLEY, B. L.

.and HOEFER, J. A. 1967. Swine hematology from

- of immature pigs without clinical lameness. Path.

198

birth'tb'maturiﬁy. IV. Serum calcium, magnesium,

sodium; pbtaSsiUm, copper, ‘zinc and ihorganic‘
phosphorus. J. of Anim.'Sci._26: 1024-1029.

“VAUGHAN, L. C. 1971. Leg weakness in pigs. Vet. Rec.
89: 81-85.

i

Ly WALKEQ, T., FELL, B. F., JONES /A S., BOYNE R. énd

ELLIOT,,A. E. 1966. Obéervatlons of “1eg weakness

in pigs. Vet. Rec. 79: 472-479.

o !
- e



2 - : SRR 1)

// : N . -~

. o e : PO 3 , » . ) - , .
WEISS, ?T M., DEKKER, T. P., van PUTTEN, G. and SYBESMA, W.-~ =
& [ - e ) . - . , . s

&

< 1973 ."'”As‘Sociatioh-‘og blood and bone composition
_and postmortem muscle chafiges to leg. weakness '
in Putch Landrace swine. J. of Anim. .Sci.-

37: 974-978.



i

APPENDIX A

RN

100



: s e | AT 101

| &
! : ! .
YAPPENDIX'TABLE.i .
CORRELATION COEFFICIENTS FOR ?E@TIONSHIP BETWEEN LESTON
 SCORE OF LEFT 'D.HUM AND BLOOD SERUM CONSTITUEjNTS OF
BOARS IN EXERCISE EXPERIMENT R
_ ‘ .
.Serum Consf}tuent‘l ~ o | : A Leff‘ﬁ;HUM*
thaicium' N o - | - -0.02
Inoféaﬁic;Pho§pﬁdrus, | _ L < 6.12
'Alkalipe Phosphatase R | V, 0.19
Biood'Urea Nitrogen,' L S -0.02
‘Total Protein - N p ' - '.—0.66
Albumin T ©c -o.0L -
‘ q;Glbbuiin . | o o d507
1Bfgibbulip : if o oo
y-Glébulin . ‘ . -0.27
fglucoée‘ o o o | ’ E, ‘v, f0ﬁ06
' Cﬁoleéterdl‘ R - ,'_v~—_ JEE _ - ~0.06 |
YLDHt S | IR e E' - 0.22
‘seoT B | 0.49
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