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Osteopenia: a disease of laying hens with major impact
on production and welfare

Koutoulis K.C., DVM, PhD

Ooteomevia: Vo005 TOV QVYOTUQAYO YDV 00VIOOV e GoPaQés eMITTOOELS
OTNV TOQUYOYLXOTITA RAL FTNV EVEMIA TOVG

K. X. Kovtoviig, DVM, PhD

ABSTRACT. Osteopenia is a significant disease of the skeleton in mature chickens used for egg production. It characteristically
occurs in lines of laying hens with high rates of egg production and can be regarded as a generalised skeletal disorder resulting in bone
fractures. Since the condition was first recognised, the scale of the problem has increased. It was estimated that in commercial
flocks in the United States approximately 15-30% of hen mortality is related to osteopenia. The condition is divided into two forms:
peracute, where death occurred with the onset of symptoms and acute, where the birds survived the initial collapse. The condition
was first known as ‘Cage Layer Fatigue’, but terms such as ‘Cage Layer Paralysis’ and ‘Cage Layer Osteoporosis’ are also used.
Nowadays there are three different terms which are used to describe poor bone condition. Osteopenia is a less specific term, which
describes a loss in the amount of bone tissues leading to bone fragility without implying whether or not bone density is involved.
Osteomalacia is caused by defective mineralisation of bone tissue and is characterised primarily by thick seams of unmineralised or
poorly mineralised organic matrix on the surfaces of medullary bone trabeculae. In osteoporosis there is a decrease in the amount
of bone tissue, the matrix of which is normally mineralised. Production problems and financial losses to the producer are caused by
osteopenia affecting at the same time the welfare of the birds. Pain and distress associated with broken bones and healed or new
fractures obviously compromise the welfare of the birds. There are also production problems, associated firstly with mortality and
lost production in battery hens and secondly in the processing of spent layers where bone breakage results in the contamination
of carcasses and recovered meat with splinters of bone. Losses to the poultry industry that result from cracked and broken eggs
are very considerable and it is very important for the producer to maximise the difference between the value of saleable outputs
and nutritional costs. Therefore, the relationships between dietary calcium, bone components, eggshell formation and their
consequences, which might result from an imbalance between them (e.g. osteopenia, decreased shell quality), strongly affect the final
profit of a laying flock and the income of the producer. The causes of osteopenia are divided into immediate - osteomalacia and
osteoporosis -and predisposing causes, such as genetic, nutritional and husbandry effects. Calcium, phosphorus, vitamin D
deficiencies or imbalance of the calcium/phosphorus ratio in the diet can induce osteomalacia, whereas osteoporosis may be related
with hormonal changes, lack of exercise and age-related effects. Factors, such as age at sexual maturity, body weight, medullary
bone and various pharmaceutical and nutritional factors, may also strongly influence bone strength. Osteopenia is largely genetic
in origin, resulting from the breeding of light weight, energetically efficient birds that remain in a high rate of lay for a prolonged
period. Thus, a genetic solution to the problem seems to be possible. Further and immediate improvement in bone strength is
likely to come from husbandry and nutritional practices. Husbandry modifications have been proven very influential on improving
or reducing bone strength. Nutritional techniques have been the most commonly adopted in an attempt to reduce the severity of
osteopenia. By modifying the diet, the beneficial or non-beneficial effects of the various experimental trials on bone strength could
be immediate and cost-effective compared with genetic and husbandry modifications.
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IMEPIAHWH. H Ooteomevia eivor pic onpoveizy aoB€veLa Touv OrEAETOU TV QUYOTOQAYMY®DV 0oVIBmV. OgmoeiTon wg wia ye-
VIXEVUEVT) ORELETIXY DLOTAQOIT] TTOV €XEL OG OTTOTEAETLE ROTAY LOTA TV 00TV ROL RVQIWGS YOORTNOILEL YEVOTUITOUS 0UYOTTO-
oayWY®DY 0QVIBwY ue oM VYNAY TOQOy WY LY LROVOTNTOL. ATTG T OTLYUT] TTOU TO TTROBANUAL TS OOTEOTEVINS Oty VAOTNXE, 1] OV-
xvomtd mg €yel aEndel. Yroloyileton ot to 15-30% g Bvnowdmrag twv opvibwy og xomddio twv HITA ovoyetiCetal ue v
ooteomevia. "Exouv meoryoapel 000 Hoppés g veoou, 1 vitepo&eia poo@ij 6mtou o Bdvartor ouufaivovy pe v EvopEn tmv ov-
WTTOUATOV RO 1] OEETOL LOOET], GOV OL GEVIOES ETBLHVOUV PETA TV 0T R0TdEEEVON Tove. H mafohoywii ot vatdotaon €-
yve yvomoty pe tov 600 «KAmpoxomwon», alhd oot drtmg «Khopomragdivon» rat «KAoBooteomdomon» €xovy emiong yonot-
porromBel. Zrjieoa vTdQYOUV TOELS OLUPOQETLROT GOOL TTOV YQNOLUOTOLOUVVTOL YLOL VO, TTEQLYQAYOUY TR0 BAMUATIRES KATAOTATELS
TOV 00TWV OTLS AUYOToQaywYES Govifes. H Ooteomevia etvor Evag e10mdg 600G Tov TeQLYQApEL AMAELO 0OTITY LOTOU TTOV O-
IMyel og eVBEAVOTATHTA TWV OOTWV, XWEIS VO VTOIMAWVEL AV eUTAERETAL 1) TURVOTITO TOV 00TOU 1 OYL. H Ooteopalanio woo-
ROAELTOL 0TTO PN PUOLOAOY RN EVOTTODEON AVOQY VMYV AAGTMV OTOV 0O0TITH LOTO %O XOQUKTNQICETOL 0TS CTOWUOLTO U 1) RUKRWS O-
OTEOTOMUEVNS OQYOVIXTS QUGS TNV ETLQPAVELDL TMV TAATLAV do%IdWV TOV puedddn oatit LoTov. Ztnv OoTe0ToQWon VITdQyEL
UELWON TOV 00T{TN LOTOY, TOV OTTOI0V SUMS 1) 0QYVIXT] 0VOT0 00TEOTOLE (Tl PuOLohOYLRd. H 0oteomevia eivoul vOOoOg o QoKL
Aet TOOBANULATOL TOQ Y WYHS O OLXOVOIKES ATTWAELES OTOV TTAQAY YO EMNQEATOVTAC TOUTSYQ0VA ROl TV gVvlwio twv tenvayv. H
evtwia Tov opviBwv TiBeTan 08 apELOPRI™MON amtd TOV TOVO ®aL TV EEAVTANON TTOV CUVOJEVOUY ROTAOTACELS APECO CUVOEdENEVES
e OTAOUEVA 00TA %ol VEQ 1) TaALd votdyuata. Yrdeyouv oofaQd oo BAIaTo ToQay®yLraTTog Tou OuvOEOVTUL TOMTOV Ue
QUENUEVN BVNOLUGTNTA RO LELWUEVY] CUYOTTAOOY YY) %KoLl OEUTEQOV LLE TV ETUGAUVON TOV OPAEYLWYV AL TOU XQEATOS TOUS atd
BoalioraTO 00TMV TOU TEOEQYOVTAL 0TS RATAYHATO GTAY OL GEVLOES 0ONYOUVTOL OTO OQAYETD OTO TEMOS THG TTALQOLY WYLXIG TOUS
Cong. OL OOVOIKES ATTDAELES OTNV TTNVOTQOICL TTOU TQOEQRYOVTOL TS QUYLOUEVTL RO OTLAOUEVAL QY EIVOL TTOMD ONUAVTIRES ROL
YU ot eVl aoQOTTO YLOL TOV TTOQOY YO VOL LEYLOTOTTOWHOEL TH OLOOQA TOU ELCONMUATOS TOU ATl T TWANOEVTAL Avyd Pe T0 ®O-
otog dwatporic. T'ua toug mopamtdve AGyous, iio avicoeomtic. (FT.). O0TEOTEVID, LELWUEVN TOLSTHTO %EAMIPOVS) AVAUETT. OTLS
OYEOTELS TOV OOPBECTIOV THE TOOPNS, TS CVVOEONS TWV 00THV ROL TOU OYNUOTLOUOU TOV 0y DV UToQel *AAMOTA Vo EtnQEAOEL TTO-
A ONUOVTLXA TO ELOGINUAL TOV TOQOLY MYOU RO TO TEMKS ®EQDOG aTtd TV EXTEOPY] 0QViBwWV cwyomapaywyis. H awtiohoyio g o-
oteomeviog dlanpeitol oe ®UPLOUG TUQAYOVTES - TV OOTEOUAAOKIC KO THV OOTEOTOQMON)- RO O TROOLUBETOVTES, OTTWG YEVETLHOL,
dratpoLxrol xon duogetprotiroi mapdyovres. H avemndoneia aopeotiov, pmogpsoov, Brrauivig D 1 avicopportio thg oxéong Ca/P
OTNV TQOPH] WTOQEL VO TQOXAAETEL OOTEOUOAARINL, EVE AVTLOETMOS 1) 00TEOTOQMON UTOQET VoL CUVOEDEL e 0QUOVIKES aMAayEC, TV
EMengn doxnong row v nhwia. Tlagdyovieg 6mms 1 Mo xoTd T YEVETHOLO WQUUGTNTA, TO CORATIRG BAQOC, O ueA®ONG O-
OT{TNG LOTAG, RADDG %Ol SLAPOQES PUOUOREVTLRES RO DLOTQOPLXES OVOTES LTOQOTYV VOl ETNEEACOVV LOYVOA THV OVTOYT TV O-
otav. H yevetn] moiler onuovting gOAo 0ty UQAvion T 00TEOTEVIAS, AGY® TS XO1ONG YOOUUMV P xS BAQOS, TOAS ®a-
M LETOTOEYUSTNTA TQOPIS KO TTOLQAYMYN AUYDV YLt LEYAAO Xeovixd dtdotua. TV avtd xow pic Moy oto medfinua nEcm mg ye-
VeTI1ig woLdler Tohy mbavy). Aueoeg xon Y1 Y0Qes AIOELS yia BEATimon TS avToyis TwV 00TMV PITOQET VO TOEABOVV 0t diat-
YELQLOTIXES RO OLATQOPIXES TOARTIXES. ALOYELQLOTIXES TOOTOTOMOELS )L amodeLy el STl emmeedlovy doa oAl Betind 1 aQ-
vnTrd TV avtoy tov ootdv. H dtatgo@i eivar 1 o ovvnOionévn pé0odog mov yonorpomoteitat oty tpoonddeta feltiomong
™mg ooteomeviag. Toomomoldvrag ™ drarpor, Ta aoteléouarta, OeTird 1 aQVNTRA, TWV SLOPOQWYV TELQANATOV TAV® OTHV O-
OTEOOVTOYN UTTOQOUV VOl E{vall AIECA RO Y WOLS OLXOVOLLRY ETLRAQUVOT OTAV CUYRQIVOVTOL e YEVETIRES KOl DLOLYELOLOTIRES TQO-
TOTOOELG.

A&Eerg evgeTneiaons: 00TEOTEVIN, AVTOYT TV O0TMV, CUYOTUQAYMYES COVIDES

EIXATQI'H Boavota ootd xou Oavdrovg. O Grumbles (1959) yo-

Oorteomevia elval plo onuavtiny vooog Tov oxe-
er‘toﬁ TV QUYOTAQOYOYWDV 0QVviBwv. Oempeiton
g il yevirevuévn oneheTiry Tadnon wov €xeL wg o-
TOTEAEOUCL T RATAYUOLTA TOV 00TAV. Xoortneitet
VOIS YEVOTUTOUS CUYOTAQOY WYV 0QVIBmV e TToAl
VYN TapoymyLry duvatdtnTa.

Yoyl 0QHETY GUYYVOT] YLOL TOUS GQOUC TTOV Y O)-
OLUOTTOLOVVTOL YLOL VO TTEQLYQAPEL 1] CUYRERQLUEVT)
oxrehetiny] mdOnon otig dpviBec wotoxiag. O Spog
«Cage Layer Fatigue» (CLF) 360nxe and tov Couch
(1955), o omotog mepLéypope ua Todohoyini) votd-
otaon og 6pvifeg VMol QUOUOT wotoxiag, ue gv-

paxtiploe ™ «CLF» ¢ uio onuaviy véoo, mopd-
UOLOL UE ULt AvALOYY RATAOTOON OV EUPAVIOTNHE
TOAAAL YQOVLOL TTOLV, UE TNV ELCAYWYT] TOV ®A®BOOTOL-
yLadv. Mio agyixi] megryoag onueiwve 6TL To TEMTO
CUUITTOUOTO Tay ouviBme TapdAvoY, 00N YHVTaS ToV
EQEVVITI] VAL (ONOLUOTOLEL ETT{ONE TOAY VY VA TOV O-
00 «Cage Layer Paralysis» (CLP). O Urist (1960) -
onyaye tov 6o «Cage Layer Osteoporosis» (CLO) v\
VoL TEQLYQAYEL T OUYRERQLUEVY OrEAETIRY] TAONOY
TV TTTNVAV.

ZNueoa VA EYOUV TEELS SLAUPOQETIROL GQOL TOV
YONOLUOTTOLOVVTAL YLOL VO TTEQLYQAYOUV TEOPANUaTL-
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REC NOTAOTAOELS TWV 00TWV OTLC WOTORES OQVIBEC
(Whitehead nouw Wilson 1992). H Ooreomevia eivou €-
vag e1dOg QOGS TTOU TEQLYQAPEL «OTMAELL OOTITN» L-
0tov wov 0dNyel 0e EVOEUVOTOTNTA TV 0OTAV, YWQIS
VoL UTOOMADVEL AV EUTAERETAL ) TURVOTITOL TG OOTL-
%iic wakog 1j oyi. H Ooreopuaiaxio moonaheiton ommd uy
QuOLoAoYLXY evamofeon avoQyavmy aldTmy OToV O-
ot 10T4 ®ou YoeoxTnEiteTal ard otoduaTo un 1M
«ROUMC» OOTEOTOLNUEVNS OQYAVIXNE OVOTOGS OTNV ETTL-
PAveLo TV TAATLOV doxidwVY Tou puehadn ootitn t-
otov. v OoteomTdQmaN VITAQYEL LELMON TOV OOTITY
LOTOY, TOV OO0V GUME 1) 0OQYUVIXY] OVOT0L OOTEOTOLE (-
tou puotohoyird. Or Whitehead nou Fleming (2000) a-
vépepav 6t n ev Adym peiwon ovpfaivel mpoodeuti-
%A ROTA TV OLALORELN TS CLUYOTTALOOYMYNIC ®OL EIVOL Ot
TOTELEOUO TV ALY DV TTOV CUUBOIVOUY avdueoo
OTOV OTOYYWDIN, TOV PAOLDON %ol TOV puehddn ooTiTy
LOTG Ue TV EVOREN TG YEVETHOLOS WOUUGTITOS ROL TTOU
emrTayvvovTaL oo TV EMAERPT AornoNg TV 0pviBwv
otig xhwpPootouyiec.

YHMAZXIA THXE OXTEOIIENIAX XTIX OPNIOEX
1) llgofAnpa evioiag

e 6l To Loda Tov Polorovran s TV TEooTUoT
TOU VBQOTOV TEEMEL VAL TAQEYOVTOL OL TEVTE PaLOL-
%€c ayEc-ehevBepieg, 6mmwe dratvmdbnray ard Tov
Brambell (1965) xou €ytvov ammodextég amd To 0vvolo
TOU ETLOTNUOVIXOU XOOUOV: OL) VoL EXPEATOVV TIS OU-
VOIS CUNTTEQLYPORES TOVG, B) amd TV ®ary dLaTEo-
PN, ¥) amd ™) owpotirng xow Beouuxn Tohautweia, 8) a-
76 a00€veEL RO TEAVUOTIONS %o TEAOG €) amtd pSPo
ra dyyxos. H evfwia tov opvibwv tibeton og augt-
opfTnon amd Tov TGVo ®oL TV EEAVTANCT TOV GUVO-
devovv rataotdoels dueoa ouvdedendveg ue omo-
OUEVOL 00TA 1oLl VEX 1] TTOAOULA ROTAYULOTOL.

Yrdoyer copagd medfinua vrofdbuiong Tov e-
médov evlmiog oe GpVIBeS oV TATYOoVY 0IT6 T~
Avon f/now oaouéva ootd (Webster 2004). TTooootd
u€xol 29% ams Tig avyoTaQaymyEg Sovifeg mov ody-
YOUVTaL OTO OQOYE(O WTOQEL VO X0V EVOL 1] ROLL TTE-
QLO0GTEQN OTAOUEVA, 00TA UEYOL TO ONUELD TNS AVOL-
ofnromoinong (Gregory no Wilkins 1989b). Alharyég
oTLS OLOdLROLOTES TV AVOQDTTLVWV YELQLOUWDY UTOQOVV
VoL ETLPEQOVV UEYANT UELMON OTH CUYVOTNTO TV Rt~
Tayudtmv tov cvupaivouy rotd ™ dudoxrera e Cwng
TOVG OTaL ®AoVPLA, adlhd xow natd T Sidorelo Thg OUA-
AMPng %o PETAQOQAS Toug artd Ta ¥AoVPLA 0TO OQaL-
yeto. Ov Gregory et al. (1994), oe €pevveg mov €ytvav

10 1989 %o 1992, mopatijonoay nelmon Tmv RoToyud-
TOV ROL TNV OTEdWOUY 0T UEYOATTEQN TQOOOYT| TMV
avBodmv mov yelpiloviav Tig Spvibec.

IMopého oV oL TEQLOTGTEQOL EQEVVNTES dlvouy €~
PaLoT) OTaL BETIRA OTTOTELEOUOTOL TWV EVAANIXTIRDV OU-
OTNUATWV EXTQOPNS, TAVM OTHV AVOEXTIRATITA TWV O-
OTAV RO ETOUEVWS 0T Pertimon g evlwlog Twv oQ-
viBwv, vIEdEYoLVY oL AEVNTIXA ONuelo ouvOEdEuEva
ue ta ovotjuara ovtd. O Beckett (1992) avépepe ot
u€xoL 25% tuv 0QvViBwv oV EXTEEPOVTAY O OY0QWTO
ddmedo pe PoAES elyov Tohond ®OTEYUOTOL TTOV ETOV-
MdOray, o 0vyrELoN pe T0000TS 12% twv opviBwv
™g ehevBEpag Poontig nat 5% tov xhwPooToLyLwy.
TTohoud ®ordypora: Tov eTOVADBN®Y, 1S ATOTEAEoU
™S VIEQPOMARIE AORNONG OE TEQLOQLOUEVO (OO TTQO-
RAADVTOG TGVO naL EAVTANON Yo ueydho xoovird
duaomua, €xovv BEoel oe augLopiitnon Ty evtwia Tov
0pVviBwv mov dratneovvton og ®xAwpootouyiec.

2) Ilpopinpno TagaymytroTnTag

Ynrdpyovv 0oBaod TEoBANUOTO TAQOYMYLRATH-
TOLC TTOV OVVOEOVTOL TTQWTOV PE PELWUEVT] CLUYOTTALQOL-
yyn xow awENUEVN Bvnodtnta zow devteQov ue m-
USAUVOTN TOV 0QPAyLmV ard BoavoUaTO 00TMV TEOEQ-
YOUEVMV 0Tt Ratdyuata, 6tav oL Gevifeg odnyovvron
OTO OQAYEIO 0TO TENOC THG TOQAYWYLXY|S TOVS L.

H ooteomevia otic avyomapaywyEg Sovibeg net-
WVEL TNV TTOQAYWYT] CUYMV RO QUEAVEL TN BvnouoTt)-
to.. H mapdivon tmv ogviBov mpoxraket emmodobeta
TEOPAUOTO TAQAYWYIHOTNTOS OTOV TAQAYwYO. Ot
opvifec elvar avirnaveg va otaBovv 6pBLeg nou va pd-
ve, e arotéleopa 1) va tefdvouv oe AMyeg nuépeg v
VO, OTAUATNOEL 1) avyosapaywyr| ard 20 €mg 90 nué-
oec. H maion g mapaymyic awydv otig 6pviBeg ue
00TEOTEVIO €XEL S OTOTEAEOUA UEYAAO OLROVOULRG
1OO0TOC YLOL TOV Ty wyO.

"Eva dettepo onuovtind mpdPinua mov ovvdée-
TOL (LE TV LELWUEVY] OVTOYY TV O0THV lvaL 1) ®omn
TOLOTITA ROEATOC O OPAYLA Ao GQVIDES OV VITE-
omoav xatdyuata. Xe épgvva (Gregory xal Wilkins,
1989b), T0 98% Twv TTINVAV Ely v vrootel ndmoia Tn-
wd 0To TENOS TS OPAYTIS WS TOTELECUOL TG OLTOITTI-
hoong ol aeviéomong. Ta Bpatvouata twv 00Tdv
dMuULoOVEYOUV TEOIGVTA TOU E{VOL U1 ALOQPAAT YLCL TOUG
rnarovohmtés. Edv dev foeBotv todmol va petwbotv
OL EMUITTAOELS 0TS ToL 00TIRA BoaiouaTo, TETOLES O0-
viBeg Ba mponahotv Inud otovg ey wyoue, Tov Ba
avaryrAalovral €T0L VO AVTLUETWOITICoUV, 0L UGvo T du-
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OROALOL OTIC TWANOELS, QMG [0S %L TO #OOTOG YLOL VOL
amodaryotv amo avtég (Wilson et al. 1990).

“Evo onuovtind modfAnua, 0yt uévo oo ™y oxo-
A TS TRy WYHS oAAG no e evimiag, etvoen a-
vouoBnromoinom xotd ™ didoxera g opayric. ‘Otav
OUYVETHTOL TWV OTOOUEVWY 00TMV, ASY(M OOTEOTEVIOG,
aveQyetal LEYOL ®ot 0to 87% apuéome NETA TV CLVOL-
ofnoia (Gregory xar Wilkins 1989a), n yonon youn-
AOTEQWYV TACEWY PTOQEL VO, TEORAAETEL RSO, VT
Motepa emimeda Inudg, vtofaduilovrog Ty moLdt-
T TOV 0@AayLov. Edv 1 tdon tov peduartog puetmbei oe
YoUNAd emimedo pe oxomo TV EAMATTMOoT TS OUYVOTH-
TAC TOV RATOYUATOV, TOTE VITAQYEL TBAVSTTA 1) O~
vooONToToino va eival avOTOTEAE CUOTLRY] ROL VOL
dnuoveynel véo modRAnua vToPAOULONS TOV EMLTE-
dov evlwiag (Gregory wouw Wilkins 1992).

3) Inuaoic TN TOLOTNTAS TOV %EAVPOUS TOV GV-
Y0V Y0 TOV TOQAYWYO

O mogaywydg avEdvel To LoSdNUA Tov atd TIg
TWMOELS TOV AUYDV v AUTES EEQLQTHVTON AUECH ATTG
TNV TEQLOOO THG AVYOTAOAYMYT|S, TO QUOUS THS TR~
YOYNS, TO UEYEBOC TV oYV RO TNV TOLSTHTO TOU KE-
Migouc. [Tapdho wov 0 aBUdS TV cuydv omotehov-
o€ TAvTo ToV ®UELo Lwoteyvind delxty mov rabdoile
T0 #€0O0C TOV OOy WYOV, TA TEAEVTAIN YOOVLAL KOl
Mot deinteg (.. paog awyov, cuvolxn ndto av-
YOV, 0QLOUOS QUYLOUEVMY OYHV dEUTEQNS TOLGTNTOC)
€YOUV ATORTHOEL ONUAVTIXG UEQIDLO TNV OLROVOUL-
HONTO TG EXTEOPNS. OL OLROVOIRES ATDAELES OTNV
TTNVOTOOPLXL TTOV TOOEQYOVTAL 0TS QUYLOUEVOL KO
OTAOUEVOL YA EIVOLL TOM) ONUAVTIRES RO OUOVTLRY]
€ogvva natevfuveton 1og ™) Peltimwon Tov meofiy-
uatog (Sauveur xou Picard 1987, Belyavin et al. 1987).
H avroyr] tov rehigpoug eEagrdtor o ueydro Pabud
omtd 1o mayog Tov. To mdyog avEdver onuavtrnd e v
QENOT TN NUEENOLAS AMYmc aoPeotiov ro peLwve-
TolL PE TNV aOENOoN T nMxriag. H naliteon modtta
1EMIPOUS TV VYDV €YEL S ATOTEAEOUA TOL VYA VL
TWAOVVTOL 08 VPNAGTEQY] TLUY RO O TAQAYWYOS VOL €-
YEL ueyaliteo otrovouro dgpehog (Overfield 1987).

Nt tovg mapamdve Adyoug, pia avicogoostia (It.y.
00TEOTEVIOL, UELOUEVY TTOLGTNTO REAMIPOVS) avauesa
OTLS OYE0ELS TOV ALOPEOTION TNG TEOYPYIC, TS OUVOEONC
TOV 00TV ROl TOV OYNUOTIOpol tTov avyov (Miller
1992) umopel »AAMOTOL VOL ETNEEACEL TTOA CTUOLVTLRAL
TO ELOGONUAL TOV TOQAYWYOV RO TO TEMRO ®EQDOG a-
716 TV E1TEOPH 0QVIBWV cvyoTaQoy WYNHS.

OXTEOIIENIA

1) Emurolaondg

H cvyvémra tng «kKhopordmwong» oe Eva oun-
vog umogel va xvuaivetor artd 1% gwg vow 20% o€ mo
ondvieg mepuuroelg (Grumbles 1959). Ou Bell xou
Siller (1962) emiong ovoyétioav to 8% twv Bavdrmv
oe GpViIfeg oV exTREpovTay og ®AovPLd ue TV eppd-
vion g «Khopordmwong».

Ané ™) otrypr] Tov To TEOPANUOL TS OOTEOTEVIOS
ALayvioTNre, | CUYVOTITA TG €XEL 0WENBel. Ymoho-
y{Cetau 6t to 15-30% g Bvynowdmrag tmv oeviBwyv
oe ourjvn Tov HITA cvoyetiCetal pe v ooteomevia
(Roland »aw Rao 1992). e ogayeio thg Meyding
Boetaviog Bo€Onre ot 10 29% twv opvibwv elyov
OTAOUEVA 00TA UEYOL VO PTACOVY 0TO 0TAdL0 TN O-
vouoOnromoinong (Gregory xow Wilkins 1989b). Emi-
ong, awodeiyOnre 6t To 98% TV oPdyLwy elyay oma-
OUEVOL 00T UEYOL TO TENOS TNG YOOUUT|S, UE UECO GO
6 00Td avd SpviBa. Xe pia o TEOoPATY €QEVVA TOU
meoLehdufave otouyeia amd 15 ogayeio thg Meyding
Boetaviog, thg OMavdiog now g Aaviog, pogbnxe 6-
TL 10 T0000T6 awto (16,5%) fitav eAagpEas younrote-
00, 0€ OUYRQLON UE TV TTQONYOUUEVY EQEVVAL, YLaL OQ-
vifeg oLy To otddLo g avauoBntomoinong (Newman
rat Leeson 1997).

2) Khvixn euidéva

Ou Urist »ouw Deutsch (1960) mepiéyompav meol-
TWOT OOTEOTOQWONS TOV EUPAVIOTNRE O OPVIOES
White Leghorn nlxiag evog €tovg, olld fTtay mo co-
Booric noppiic oe ueyalitepng nhriog dpvibeg. Ot
Bell nou Siller (1962) megiéyoopav dijo pooés g vo-
oov, TNV vIteEoEeia popen 6mov ot Bdvartor cupfa-
VOUV UE TNV EVOQEN TV CUUTTOUATWV ROl THY 0Eeln
uoQEM, 6TTOV oL GEVLIBES EMPLOVOUY UETA TV QLOYLRNY
RATAQQEVOT TOVGS. ZTHV VTteQoEeln Lo} Oev vrdo-
KOUV YOQOXTNQLOTIXA CUUTTTMOUOTA TTOLY TO Bdvato, o
omoiog ovpfaivel Eagpvind row avosTtavIEO € QPOLVO-
UeVIXA vYLELS Row VYNANG avyoraaywyng dovifeg. Ta
ovprrtdpota Te oEelog popgric etvan (dra ue g ma-
podAvong. Xagaxtneiletal amd advvauio ota média,
6mov ot GpviBec aduvatotv va otabovv, rdbovtal otig
0QBQWMOELS TOVG ROl UE TOOERTOAON TWV TOILMDV TTQOG
To EUITRAC, €XOVTOS €va 1] TEQLOOATEQO OTAICUEVAL O-
otd ota wodLa 1j 0TIS Pregovyes. Ot Spvibeg ouveyi-
Couv va TOMVE, OV 1) TQOPY Elval ROVTIA TOVS ®OL TNV
PTAVOUV, %O WTOQEL VO OUVEQYOVTOUL UETA atd Eval
dvo prjvec. H nardortaon eEagavitetan péoa oe 4-7 n-
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UEPES QTS TN OTLY WY TTOV Ot GEVIOEC CUTOUARQVVOVTOL
orté T vhovPiLd xow TomobeTovvrol oto ddmedo 1 T
oromuvy]. H awyomapaywyr| otapoatdel toocwoivd xou
ETMAVEQYETOL OE ROVOVIRO QUOUS UETA TNV AVAQQWON).

Koatd ™) verpoyia mov axolovBel oTig meQuitd-
O€1¢ TG OEETOS LOQPNS, TO TOIX WU TWV O0THV EIVOL
oA Aemtd, evBpavoto ®at evxolo va omdoel. Ou
Riddell et al. (1968) eE€tacav 22 omovOuMrES OTIAES
amo 6pvibeg pe «Khmpordmmwon» xow PoEOnray ra-
tdyuaro og 19 amd avtég evromouéva oty Bmoomiryg
uoipa 4 »ou 5. e GAat ToL ROTAYUOTO VTN QYE TEON OTO
UWELS TV 00TV TTOV 0dNYOUVOE OTHY TUTTLRY ELROVA TG
véoov. OL ThevQEg, eMIONG, Y0V ROTAYUOTO RO TTCL-
oapopaoels. H xordotaon yapontnoltdtay xo amd
UEIMOMN TOV TAYOUS TOV PAOLOU TWV 00TMV 0T TAOLAL.

Ta enimeda Tov PwOPSoV, aofeotiov raL po-
YVNOT{OU 0TO TAAOUO TOV AL{IOTOS TV QUOLOAOYLXAL,
OALG 1) BAOTNELOTNTA TV POOPATACMVY 1TALY CVEN-
uévn otig vooovoeg 6pvibeg. O Couch (1955) avépe-
Q€ OTL OL TUES BoPETIOV ROLL PMOPASQOV OTO LKL KO
N TEPEOL TMV 0OTDV NTAV PUOLOAOYIXRES, ATOdELRVUO-
vtag 6TL oL GpviBeg dev Emaoyav atd Qo ITLIonS. e
uoL Lo Aoty £€0evva ooteomeviag, ot Randall xou
Duff (1988) mapatijonoay 6t e’ 6Ao mTov 1) TheLo-
Ynoio tov opvibmv €maoye and 00TE0TSQWO), CUVU-
TNOYE ROl OOTEOUAAARICL.

3) Epevvnuixég pébodor dtdyveong xoL PHETEHOEQV
TNG 00TEOREVIOG

OL TeQLOOGTEQES EQEVVNTIRES EQYUOTES EXOUV dLe-
EayBel mavm oto g Ba felTidoovpe TV aneondTn-
TO TV O0TMV YONOLUOTOLMOVTAS T YEVETIXY], TN OLoL-
¥€LOLON 2o ™) SLaTEOP, HOTE 1) GEVLOA VL OLTTOXTI OEL
LOYVEG O%EAETO YL VoL AVTEEEL TIC OUVAUELS TTOV 0d)-
youv ota xatdyuora. O Wise (1970b) meoiéyoonpe tig
goevVNTIRES nEBBGOOVE IOV TEEMEL VL dLeEAyovTaL Yo
VOL TEQLYQAUPEL OMOTA OGS TL ATTOTEAEITOU EVAG RATAA-
Mo dopmuévog orehetoc. Aoy woLoe Tig pebédovg o
«TTOLOTIXES» ROl «TTOCOTIRES». OL TOLOTIHES TEQLAOLU-
Bavouv wotoloyia, TEPQQ, TURVATYTA ROL TECT UETON-
OEWV OVTOYNS TV 00TWV, EVH OL TOOOTIRES TRETEL VOl
ovoyeTiCovy To PAQOS 00TV UE To PAQOS TV 0QVI-
Bwv, cupumeQLAaUPEvoVTOS ot oToLyElo 0o TIg dLa-
OTAOELS TV 00TMV (.. Wrog, tdyos) (Wise 1970a).

ZnuovtindtoTn €Qevva €XEL YIVEL 0TIV OOTEOTEVIDL
YXONOLUOTOLWVTOS dLdpoa 00Td, 6mtms unetaio (Kim
et al. 2004), neoxida (Moore et al. 1977, Wilson »a
Harner 1988), nAeida (Adams et al. 1970) wou foayio-

vio (Gregory non Wilkins 1992, Fleming et al. 1998a).
I’ Sha awtd, 1) TepLoodteEn €pevva €xel dreEayBel
Tavm oty avroyn g xviung (Rowland et al. 1967,
Rowland xouw Harms 1970b, Frost et al. 1990, Koutoulis
1998). H oyetind evnohn modofaon o ovaTouw] g
©VijuNg, adhhd rvpimg 1 ovppeToio g, eivor mBovmg
0L AGYOL TTOV 1) ®VjUY] TTOTEAET TO 00TO TEOTIUNONG VLot
™V €QEVVA 0TIV OOTEOTEVICL.

Méyot oL Rowland et al. (1967) va xonowuomouni-
OOV YLOL TTOMTY POQEAL TO TEOT UETONONC TV 3-Onueimv
(3-point testing) Yo vo. eEETACOUVY THV €TIOQAON TOL 0L
OoPeoTiov %o TOV PMOPOQOV THS TOOPYIE TTAVM OTHV O
VIO TV 0OTAV TwV 0QVIBWV, 1 TEPEO TV 00TWY H-
TAV 0 ®VELOC TEOTOS UETENONS. ATTS TOTE, TO TEOT UE-
TONONG TV 3-onueiwv €xeL yiver n xigla péBodog yia
VoL €QEVVOUNE TIC EMOQAOELS TS dLaTEOPYiS 1] dAlwV
TAQAYOVTWV (TT.). YeVETLrOL, TeQLBdAlOV, dlayelolon)
oty ooteomevio. [Tap” Sha avtd, o Wilson (1991) wod-
TELVE OTL «TO TEOT UETONONGS TWV 3-Onueimv mov ueted-
gLy ey dtvoun Boavong dev elvar Toh) roTorTo-
moTnd no 1 oo Tov mEEmeL vo, 1efel vITé auPLoPY-
™o, Yol uetpdet avroyy oe duvdpels mov dev eqpo-
ustovral pe puotoroyns tedmo». “Etot, oL epevuvntég
€xovv natevBuvOel 0T YENON AAWY TEXVIRWY, OTTMG
TO TEQLOTEOPLO TeOT (torsional testing) (Koutoulis et
al. 1997a, 1997b), n wotopopgouetoia (Whitehead nou
Wilson 1992), 1) xovjon vepnyxwv (Fleming et al. 2004)
xnau N axtvoroyia (Fleming et al. 1998b). Ou teyvinég
OQWTES AEYLOOV VAL XONOLUOTTOLOVVTOUL TOL TEAEVTAIOL YOO~
VIO EVQUTATA, £XOVTOS TO TAEOVEXTNUA TS UETONONG
AVTOYNS TV 00TAV Y WE(g va to nataotoépouy. Emi-
TAEOV, 1] E0%OAY TTEOETOLUALGTOL TWV OOTWV, 1) X101 TOV
{d10v 00TOU Y10l CUYROLOY) EQEVVITIRMV TEYVIRMV, ROL-
Bg o 1) evroMol EQAEUOYNS oL 1] ETTOVAANPLUSTHTA
TOVG, RALOLOTOUV TLS TEXVIRES OUTES TTOA) YO OLUAL EQ-
YOAELQL OTIV €QEVVAL TS OOTEOTEVIOG.

4) Avtiodoyia tng ooteomeviag
4.1.) Kvglol magdyovteg
A) Oorteopodraria

1) Avemdoxeta agfeoriov otny Too@l

"Exovv yivel moAEg €pevveg oxeTnd Ue TV ETTi-
dpaom dLdpoomv ETLITEdMV %ol HLOPOQETLRWV TTY WDV
aofeotiov mAvw OtV AvVTOoYT] ®OL TNV TEQPQX TWV O-
OT®V Y TOV Gy%0 TOv puehwdn ootity wotov (ITivaxrag).
2T OUVTQLITTLAY TAELOYNPLOL TV EQEVVAIV, QUVENUEVAL
emimeda aofeotiov rot MY aoPeOTioV 1E T LOQEPY|
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UEYAADV RORRMV ETYE MG ATOTEAEOUA TV AOENON THG
OVOEXTIRGTNTOS TV 00TV, AVEEQQTI TS atd TO 00T
IOV Y QN OLUOTTOL|ONHE, RO THY EVOTTGOEON AVOQYUV!V
OVOLMV, OTIWE ATOJERVIOVTAY 0TS TNV AENON TG TE-
(POULS OTA OOTAL.

2) Avemdoxeia pwo@oov atny Teo@lf

TooPEg pe AveTAQRELN PWOPASQOV TEOXRAALECAV
aduvopio oto TG, TUQAAVON RO RATAYUATO OTOUS
omovdUlovg rou dhha ootd (Riddell et al. 1968). Ou
Singsen et al. (1969) porjxav 6tL awEnuévn yoonynon
PWOPSEOV 0T0 TO000TS TV 0.56% 0t6 dLapoeTinég
€ (draof€otio nou Etpmwua Curacao) pelmwoay T
ovyvotro s Khopordmwong. Avemdoxreio powopo-
ooV tpoxohel ooteopoharic pue GAOLDOELS TAEGUOL-
€C QWTMV OV TEOXROAEL 1) avemdorela aoPeotiov (Bar
»o Hurwitz 1984).

3) Avigoggomia Ty oxéons aofeoriov | pwagpogov
oty 101

O Leeson rait Summers (1997) avépegav 6t edv
VIAQYEL TEQIOOELD AOPECTION 0TIV TEOWY], 00N YDVTAG
0€ aVLo0QQOTT0 TS 0% EONS AOPEOTIOU — PUOPOQOU,
toTe amoPdiheton dipmwopooinod aoPéotio (Casz (PO,),),
TEOXAAMDVTOS UETAPOAMKTY AVETAQRELL PMOOPOQOV UE
OTOTEAEONCL THV OOTEOUONORICL.

4) Avendoxeia prrauivys D oty T0001]

O Prrapiveg D; »on 1,25-8tudpo&uyoronaloupe-
00An (1,25(0OH),Dj3) eivan amapaitnteg oty 6pviba
YLOL VOL OLTTOQQOPNOEL, VO UETAPEQEL KOLL VOL KIVIJTOTIOL-
NOELTO AOPEOTLO 1AL TO POOPOQO. AVETOLONY| ETITTE-
dat 1,25-81vd00Evy0horaAoLpEQOANGE, EVEQYOU UeTa-
BoAitn e Prrapivig D, odnyel oe petwuévn amopo-
Q10N R ETIOYEOT AOPEOTIOV RO PWOPAQOV RALL, TE-
Mnd, ratahjyelr oty ooteopohonio. [ToAEg €gevveg
€yovv, emiong, dieEaybel mdvw oty emidoaon g Pu-
tapivng D; wou/j g 1,25-01wdpo&vyoloralogpeo-
ANGg 0TV aneQUATNTA TOU OXEAETOV RO TV AvOEXTL-
xnotra twv ootwv (Moore et al. 1977, Frost et al.
1990). O1 €pevveg avtég avépepav Betiny exidoaon
TWV OVOTATIXWMV CQUTOV TAVD 0TV oVOERTIRGTNTA TS
HVIUNG O TS REQRIDOC TV TTTNVAV 08 ddpopa. OTd-
duo g avomagaywywiig toug Long (mAwia 53, 65 1] 68
efdouddwv).

B) Oorezomogmon
1) Oguovixés allayés

O axoPric unyoaviouds g dpdong Twv OTEQOEL-
OV 0pUOVAVY TAVW OTIS 0TOOEQEC UETAPOLES LVOIVE-

(WONG RO UETAOREVTS TV 00TAV deV elvou mAowg dt-
gvrpwiopévoc. Ia’ Gha avtd, 1 00TEOTGQWOT WITO-
pel va mpornBel 0TI GVIBES Ue T YOETYNoN VY-
MOV dGCEWV OLOTQOYOVMV OTOVS KOROQES HOLL TLG CLV-
YOTOLQOY WY EG GOVIOES TOORAMDVTALS AVICOQQOTTICL 0Q-
uovav. 2tg 6pviBeg, nelwon oty ToodTHTA TOU OIOY-
YLddN ®o TeTaM@ddN ootity LoTov Ba €xeL WS ATOTE-
Aeopa Ty €VOEAVOTATHTA TV 00TMV. ZTOVC 0vVBQ®-
TOVE, 1) AVENOT 0TV ATOEESPNON TWV O0TMV UTOQEL
vou TEOAN@OEl nou o€ ®ATOLo PABUS VoL AVTLOTQOET e
yooynon oouovav (Price nau Russell 1992).

2) "EAeyn doxnong

H ooteondpmon evromitetal ®vpiwg oe SpviBeg
oV eXTEEPOVTAL 08 xhwPootouyies. AQreTéc €pgvveg
€xovv amodeiEelL 6TL 0 meQLoQLondg o ®hovPi v t-
HOVOS VO UELMOEL ONUAVTIRG TNV OVOERTIRATNTO TWV
ootav (Knowles xow Broom 1990) o va mpoxaiéoet
ooteomevia (Lanyon »ow Rubin 1984). H éMhewym g
AORNONG UELADVEL TLG UNYAVIRES dUVANELS TTOV EQOQ-
UGLoVTOL OTOL 00T KOl XATAMYEL 08 EAATTOON TNG Ot~
vroyric tovg. H omoryj duationon g doung xou Aet-
TOVQYIOC TOV 00TAV ATOLTEL TNV AORNOT UNYAVIRDOV
duvdpemv, Grmg avTég mov £QaEUSTovTaL ®aTd T
dLdpreLa ™S QUOLOAOYXTIG RIVIONG. ZTIC EXTATIRES €-
UTEOPES, 1) AUENON TNG AVTOYNS TWV O0TWV OUVOEETAL
UE TNV CVENUEVT HLVNTIROTNTO.

Emumhéov, | mpoobijxn novovidotoog oto ®*hovfi
avENoE onuavtnd TV avlerTrdTTa TmV 00Tdv. O
GY%OC TOV 00TOV, ULCL ONUOVTLRY] TAQAUETQOC UETOT-
oNg TS exPUMONG Tov, feEBnne va cuoyetiCeTol on-
uovTird pe To xodvo mov pio Spviba Eodevel péoa o
®novvidotoa mov TomofetOnre oto ®hovPi (Hughes
etal. 1993).

3) Emidgaon s nAwxiag

H ooteondpomon ovoyetiCetal pue tnv nixio o
nVElmg eppavitetal oe SpviBeg evAg €TOVS TOVAAYL-
OTOV, ®UQILMG 0TV QY MY] AN THG TAQOVS CUYOTTaL-
oaywyng, eva ot McCoy et al. (1996) mpoodidoioay )
uéon nhxia ™ «Khwpooteondpmone» otig 45.5 e-
Bdouddec.

O Whitehead xouw Wilson (1992) xotéyoonpav pei-
WOY) TNV AVTOYH TOV 00TAV, TOV CUVOESTAY UE ONUOL-
vy nelwon otov 6yxo Twv Aoty doxidwyv tov o-
0ToU, aBGAN TN OLAQHRELOL TNG CUYOTTAQOYWYNG ROLL
mpoTevay 6t 1 petmon-eEdvrinon g dowig Tov o-
0ToU OV EVTOMICETOL OTNV OOTEOTOQWON ETERTE(VE-
TOU 0€ GAO TO ORELETO RO EMOELVAIVETOLL LE TNV NALRICL.
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4.2.) llgodrwaBérovres mupdyovreg

1) I'sverixoi magdyovreg

H ovveync emhoyn yoouudy mov ouvdvdlouvy mo-
A0 VPN TUQAY WYIRGTNTO UE MKQT] YEVETHOLO OQOL-
uoTITa, YOUNAS couoTns fAQog ®at uxen Mjpm too-
g moteveta T eivan oL ®UELoL TEOALABETOVTES TTaL-
QAYOVTES IOV ETOELVAIVOUY TO TESPANUa. Ot ovyyo-
vou uéBodot dtatpogr|g, drayeioLong xat eLEyOL a-
OBEVELDV ETETOEP AV TNV TANOY EXPOALOT TOV YEVETL-
20U VA®OU %o utd To VMRS 0dNynoe tig Gpvibeg va
YEVVOUV YONYOQOTEQA, VA EIVOL WROOOMUES KL TTLO
OTTOTEAEOUOTIRES, VO TQWVE AMYOTEQO XAl VO TaLQAL-
YOUV TTEQLOOOTEQX RaL PEYOAUTEQQ auyd (65 Yo o€
oyxéon ue 55 yo Mya xoovia mowv). ‘Oheg avtég ot k-
My€g elyov wg amotéheouo oL GEVIBES vaL €xouV ue-
YoAUITEQES QVAY®ES VIO TO UETABOMOUS TV 00TDV
TOUg AT’ GTL OL TEAYOVOL TOVGS, RATL TTOV 1] GVYYQOVY) €-
pevva Tdvw oty dLaTeogt] Teoomabel va avtiotabui-
o€l ALpOQEC OTNY aVOERTIRATITA TWV O0TMV AvAue-
00, o€ JLOPOQETIRES PUAES emiong Exovy avapebEel.
OvKnowles et al. (1993) nou mpdogata ot Riczu et al.
(2004) mopovotaoay amoTeEAEOUOTA TOV LOYVQ OV-
VIYOQOUV 0TO OUMITEQUOUOL GTL 1) PUAY emneedlel Ty
avVOEXRTIROTNTO TV 0OTHV.
2) Awatgoqixol magdyovres

O SLoTEOPIKES TOURTIRES OTN OUYYQOVY) TTYVO-
TOOPIXY TTaLpaywyn €xeL ahdEeL ToAd T Tehevtaia &l
root yedvia.. Ov Duff xau Thorp (1985) avépepav dtin
OUYVOTITO TWV VoWV TTOV 0pOQOUV OTO OREAETS TWV
NQEOTAQAYMYWV 0QVIOTWV Uoel vo newwbel pe me-
QLOQLOUS TNG TQOPHS OE CUYHERQLUEVEGS TEQLOOOUS TNG
TAQAYWYC 08 0VyrQLoN ue drotpowy| ad libitum, ov-
OYETILOVTOE OTEVA TOV TEQLOQLOUS TOOPNG ROLL T UEL-
won Twv mtpoPfAnudtov. Ov Roland xon Rao (1992), e-
QEVVAVTAG TH OYEON SLOTEOPNS UE TV EUPAVLOY TTQO-
PANUdTWY OTLS QVYOTAQAYWYES GOVIBES, CUUTEQUVOY
ot avemaoxr] Mjyn aofeotiov umopel vo TQOROAE-
ogLooTeomevio 0g 6Qvifeg mov Egxnivnoay va yevvoiv
voig. Autd mBOVHOS VAL NTAY TO ATOTEAEOUA TLEONS
070 O%eLETS AGYm alayiic artd TV TEOQY AVATTUENS
oty Te0PN avyomapaymyrc. Eriong, n evépyeia g
ToOoPYig oTaL orTnEEOIa €xelL uewmBel ta tehevtaio elxo-
oL Y00Vt AuTS evBopEUvel TV xatd fouiinon Mym
TOOPNS Al AOPECTIOV YLOL VAL ROAIPYOUV TIS EVEQYELAL-
®n€g Tovg avayxrec. Emumodofeta, uepurol mapaywyol
taifouv 5 popég mepLoodtepn Prranivy D o oxéon ue
TS TEodaryeapég artd to EGvind Zvufoviio Epguvav
tov HITA (1984). ITap’ 6ho mov ta enineda aoPeoti-

oV 0TV TEOPY €xoVV oNuUOVTLRA awENBEL Ta TEAEVTOOL
YKOOVLAL, TOL AVTIOTOLY A PUOPAQOU EXOUV pelwbel, ue -
TOTELECUCL LUOL UT] LOOQQOTNUEVT OXEON aLoPEaTion 1o
PMOPAQOV TTOV RUTUM|YEL OTNV OOTEOTEVICL.

3) Hagdyovres dtoyeipiong

H aiEnon tov minBuouod twv ogviBwv oto xhov-
Bra dev emnoeder ™ Mim TOOPNS RO CUVETADS T A-
Ym tov ovotomxrdv g (Brake 1991). Zmv €pevva av-
T, AVOUEVOVTAY GTL 0 OVVAVAOUGS VPG TURVETY-
TAG TWV 0QVIBWV %o XU POOPEoU OTHY TEOYY
Ba mporahovoe BynoLUSTTA KoL TEQLOTOTIXG OOTEO-
meviog. To yeyovig avtd dev emalnBevtnre, mBovag
Aoym TS mronig dudoxetog e €ogvvag (2 efdouddec)
2O TNG PEYAANS NAriag Twv opviBav (65 efdouddwv).

Entiong, o oxediaouds Tmv 01wy ®oL Tov oyedi-
oV TV ®AOVPLBV uoel va tpodLabétel oe noTdyua-
TOL OTN OQAYH 0TO TEAOC TS avyomagaywyns. Ot
Anderson xow Adams (1994) vréBeoav St emeldr] o
opvibeg otérovtal oe ®hovfid ue dmTvwTS ovoua
2.5%5.0 cm, YovtLoUEVES UE TA VOYLOL TOUS KOLL TO TEEAUOL
TOVG VOL OLMWEE (T ®ATW 0TS To ovoudtivo ddmedo, To
YEYOVOS oTO dev eMTEEMEL OTIS GVIBES VoL potpdtovv
LOOUEQMS TO PAEOS TOVS TAVM OTAL TAALL TOUS UE AUTTO-
téheopa ahhyEg ot doun TV 00TV RO 0TV ROTA-
vour] Twv puwv oto toda. Ov Harner wow Wilson
(1985), emiong, forray 6t To Yipog Tov rhoufrov (40.0
cm o€ oUyroLon pe 62.5 cm) ennpéaoe Betnd v ov-
BerTInOTITO TG REQERIDOES %Ol TOV BRayLGVIOU 00TOY
oe 6pvifec nhxiog 72 efdouddwv, Aoyw g ueyoiv-
TEQNG VTEQERTOONGS KAl AORNONE TV TTEQVYWV. AV-
Enomn g dpaotLdtTog Twv 0eviBmy ®ou 1 TomoHE-
TNOY ROVEVLAOTOWYV 08 GQVLBES TOV EXTOEPOVTAL OE
#AOVPLA QEGVEL TYY avTOXY TWV 00TWV, EVEM O TEQLO-
QLOUGE 0TIV AORNON UELDVEL TIC UNYOVIRES OUVANELS
TTOV QLOROVVTOL OTOL 00TA RO 0dNYE( 08 ATTDAELD TS O-
onrnig wdlog TeodLaBETOVTOS 08 RUTAYUATO.

Ou Rowland xow Harms (1970b) Borvjrav 1L 6ovi-
Beg oe nhwPootouyieg elyay onuovTind xounhoteQn o-
OTEOVTOYN ATt oWTES Tov Potoxovtay og ddmedo ue
otowuvi]. Or Rowland et al. (1971) avépepawv, emiong,
OTL 1) 0OOTEOOVTOYT OE RQEOTAQAYWYd 0QViBLaL TTov €-
ATOEPOVTAY 0TO ATEDO NTOY ONUAVTIRG UEYOAITEON
0TS AUTA TOV EXTOEPOVIAY O€ RAWPOUC.

e €pgvva ue 6pvibeg og ®hwPootouyieg n ovyvo-
TNTO. TESOPOTWYV OTOOUEVWY O0THV OTO GPAYELO TV
VYN, VO avTiBETHg GpVIBES 08 EXTATIRG CVOTHUOL-
TOL EXTEOPNG ely OV TEQLOOSTEQQ TTAMA ETOVAWUEVAL

JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2009, 60(1)
TEPIOAIKO THX EAAHNIKHE KTHNIATPIKHX ETAIPEIAX 2009, 60(1)



KOUTOULISK.C.

59

RATAYUOTOL, AGY® ATUYNUATOV ROTA TV TTTHOY ROL TNV
mpooyeimon (Gregory et al. 1990). Ov Knowles nou
Broom (1990) vrtédeiEav Gt " woodTTaL TV ®ivioemv
TV 0pviBwv og ®hwPootouyieg dev Tay AOrETN Yo VoL
aroevyBein ooteomevia rat €ToL 1) evBpavoTdTnTaL
TV 00TV Ty TOAD peyoliteon omd avti og 6Qvideg
OV EXTEEPOVTAY 08 PwMES nal cvorijuata Elson".

H ovyvémnta tov votayudtov ennoedletol aone-
TA %o 0TS TOUC TOOITOVS YELQLOUOU HOTA TV UETAPO-
0d xou oayr]. Ta peyoalitepa T0000Td RaTayUATWY
ovupaivouy ®otd TV ATOUARQUVOT), LETAPOQ KL
yewoLoud oto ogayeio. O Beckett (1992) avépepe 6t
TomoB€on twv oQviBwv auyomagaywyng oe xhovfid
UETOPOQAS ®QATDVTAG TaL 07t Tat OV TSI avTi amd
10 €val ()€ WG ATOTEAEOUO T UELWOT TOV ROTOYUA-
TV ®atd 5%.

4.3.) ALAoL TOQAYOVTES OV EXNEEATOVY TNV AVTO-
1 TOV 00TOV
1) Hlixia xatd T YeveToia 0QLuoTHTA

O Gregory et al. (1990) porjrav 6t nhxio yeve-
THOWOE WELUSTNTAS, UE EVOOC NAMKLEV TNE YEVETNOLOLG
wowdtrog va givon uévo 10 nuéopeg, dev eiye emidoa-
o1 TAVW OTH OVYVOTITO TWV OTAULOUEVMY 00TWV O€ 6Q-
viBeg nhriog 82 efdouddwv. Ze avtiBeon, o Koutoulis
(1998) avagépel onuavtiry emidQO TS YEVETHOLOG
WELUATNTAC TAVM OTNV «OXaAUPpio TS ®viunc» (1 &-
OMTEQLUT] AVTIOTOON OTEEYNS TS NOELARTS doUTiE TOV
0010V 0TI eEmTeQIréc duvaueLs TEQLOTOOPNS) OQVI-
Bwv ov weipnacav pe 30 nuépeg drapod. Ot diago-
QETIHEC TEYVIREG TTOV YONOLUOTOLON®AV aTTd TOVG €-
QEVVNTEC Yo VoL eEETATOVY TOL 00T, TEYVIXY 3-ONueinV
€VOVTL TEQLOTQOPLROV TEDT OVTiOTOLY A, TLOAVAS VO
OUVELOQPEQOVE OE QUTEG TLS AVTLOETELC TV OTTOTENE-
oudtmv, emeldr] 1 TEWTN TEXVIRY, OF avTiBeon ue
devTeQN, UETQAEL AVTOYY TWV 00TWV 08 QUVANELS TOV
dev eoouoloviol e QuoLOAOYLRS TOOTO.

2) Zouatizo fdoog

O Lanyon (1992) €dwoe €ugoomn oto yeyovog ot
duvdpuelg faoovg mov dev aorovvToL YUOLOAOYLRA €-
YOUV 1OC ATOTEAECUOL OOTA. UE PHRQOTEQN WAL %Ol CLO-
yrrerToviry peyoriteong evBpavotdtrac. [odyua-
T, ot Frost now Roland (1991a) eE€tacay Tic ox€oelg
avdaueoa og Cowuatird A0S, FAQOS RVHUNG RO OLV-
BerTIHOTNTO ®VIUNG, ATOOELRVIOVTAS OTL OAES OL UE-
ToPANTEg fitav onuavtird ovoyetionéves. XonoLuo-
TOLOVTOC TO TEOT TV 3-ONUelmV, TAQOUOLES OYEOELS
Bogbnrav avdueoa oe copatixd faog, fAoog wvy-

UNG HOL AVTOYY] RVAUNG OE QUYOTALQUYWYES OOVIBES
(Taylor zou Hurnik 1994) »ou npgomagoymyd opviBia
(Yalcin et al. 1998).

3) Emidoaon tov uveldon oority otov

Mo’ 6Mo oV 0 pueAddNG 00TiTNG LOTOS TLOTEVE-
tou 6t dev mallel onuavtind domxd pdro (Bell xow
Freeman 1971), naBd¢ ®ou 6Tt €x€L unQY] E00TEQLRN
dvvapn og oxEon ue Tov TETAMWON 1oL OTOY YLD O-
otit woté (Knott et al. 1995), evtovtolg videyouvy ev-
deiEeig 6T m mopovoio Tov og peydleg TOoGTTES OU-
oyetiCeTon pe avEnom g ooteoovroyns (Fleming et
al. 1998a). Ou McCoy et al. (1996) modtetvay, exiong,
v mBoaveTTa 6Tl 0 PUEA®ING 00TiTYS LOTAS O€ 0QL-
OUEVES TEQLRTDOELS, OTTMWS 0O AQN LOQYPT] OOTEOTS-
QWONGE, CUVELTPEQEL OTNV OENOT TOV TTAYOVE TOU TTE-
TaM@ON 00TTY LOTOU %o £T0L AVEGVEL TV avTOYH TOV
00T0V.

4) Emidgaon dtapogwv @aguaxsvtizdgy xar dtatgo-
LRV TAQAYOVTOV

H alevdpovdrn (alendronate) eivoun Loyvog avao-
OTOAEQC THG ORAONS TWV OOTEORANOTMDV RO YOVOLUO-
motelTal yuoL Ty TEOAN Y xo BeQarteiol TG 00TEOTO-
owaong otovg avBpmmovs. O Wilson et al. (1998) eEé-
TAOOY TNV ETIOQ00N TS AAEVOQOVATHG YO THY TTOOAY-
YN ™S 00TEOTOQWONG OTLS TOVAADES 1oL forjray 6Tt
1 doprt] WTOAELDL TV O0TMV TTOV CUOYETICETAL UE TO
OYNUOTLOUG TOU PUEA®OT 00TITY LOTOV, TOV TOLQUTY -
pelton ®otd T dLdEreELn THS AVATTTVENS TV WaRlWY,
elye TEOANPOEL.

OvRowland »au Harms (1970a) eEétaocov v emi-
dpaon Tg TEOTAUSYNGS, LwdLouévn raleivn pe vymin
Bupeoetdint dpdon, naL Tov dLeaTépa dLEVEOTEOMG,
LOQ@T] OLOTEOYGVOU, TAV® OTHV OCTEOCVTOYY] TWV OU-
YOTOQAYWYWV 00ViBwV. ATtd T otryur) wov 1) dieve-
OTQOAY %o 1) TEOTAUGVY €L omodeLyOel GTL aEdvouv
TO QLOPEOTLO TOV ALIUATOS KO TO UETAPOMOUS THE SQVL-
Bac avtiotolywe, vréBeoay dtL 1 xoromn tovg Ba umo-
Q0UOE VL QUENOEL TV RLVNTOTTOMOT TWV AVOQYOV MV
OVOLMVY OTNY GEVLOA RO VO, ETLTUYVVEL TNV AVTIXOTA-
OTAL0Y TOV ALOPECTIOV TV 0O0TMV TOV Y AVETOL RATA T
dudprera Tov oxnuotopot tov awyav. [odyuot, Poé-
Onxe 6L o oL Yo OVOTES AEAVOUV TV OOTEOAVTOYN.

O Koelkebeck et al. (1993) Borrav 6t n ooteoa-
vToy ™ ®viung oe 6pviBeg mov Emvav avBoanotyo
veEO natd T didonela VAV BeQUOorQOOLAY YLt €EL
efOdouddeg Mirav vynrdten og oUyrELON UE GOES EmL-
vav navovird veed. Katd ) dudoxreio vymidv Beppo-
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1OAOLDV, TOV oL 6pVIBeg hayavidtovy yio va Heww-
oovv T Bepuorpaoia tovg, N amwiela tov CO, ouvo-
deveTon pe amdiero Wovtwv aofeotiov. H pelwon g
OVYREVTOWONGS TV LOVTOV aofeotiov eEnyel ™) Aé-
TTVVON TOV %EAVPOUS ®ail TN dLdAVoT Tov aofeoTiov
mov eivau dtaB€opo yuo T oot cUvBeoT Tov 00TOU.

OeTnd ATOTELEOUATO TOV OLATOOPLRMY CUUTTAY-
QWUATWV POOELOV TAVM 0TV 0OTEOUVTOYT THS AVT)-
ung TV 0QVIiBwV %Al TWV REEOTAQAYW YDV 0QVIBlmY
emiong mapatenOnrav (Huyghebaert et al. 1988,
Merkley 1981).

SEnuovtint] aGENom oty 00TEOAVTOXY TG XVNUNG
%ol TG ®eErIdOg emiong maaTnEOnxre oTig Sevibeg
otav dratpépoviav ue: o) dirtavloaxrind vAToLo
(NaHCO3) 1j towévto Portland, "éva vMxzd mov ao-
telelton amd muprtnd dhata aopeotiov, pali pe o
wxon roodtta Oeurov aofeotiov” (Ferguson et al.
1974), B) awEnuéva enimeda Fe, Cu, Co, Mn, Zn »ou I
(Bastien et al. 1979) nauw v) pooro (Wilson xouw Ruszler
1998).

YYMIIEPAXMA

Ot Fleming et al. (2006) modtewvay oti, emedin
vevetinn alel onuavtirgd eSO OTHY epgpAvion Thg -
oteomeviag, AGym TS XONoNS YOOUUMDY ue mrd Pd-
00G¢, TOA) ROAY| UETATOEPLUSTITA TQOPY|S HOLL TTALO-
YOYH QUYOV YLoL LEYALO YoOoVIXS dtdoTnua, TO TEo-
PAnua umopel va AvBel uéom g yevermrc. [lepoutéom
TEATEVOY GTL «h) Ao UToel va. TRoEADEL atd TV o
vATTuEnN vEmv yoauuwy 1 v emhoyr] uéoa otig om
VTAQYOVOES YOOUUUES» RO YLOL OTTOJETEELS AVEQPEQOY
OTL «OROUA RO OTLG OYJUEQLVES YOOLUUES, VITAQYOUV ON-
uovtirég amorAioelg ota dropa dtav eEetdlovtal ot
SOURES DLOPORES TV OOTWV OTO TEAOGS TNS OLVYOTTCL-
oaywyNg». QOT600, 1) EAAEVPY) VEDV TEXVIRWY YLOL THV
TESPAeYM TN doWS TV 00TMV OTLS OOVIBES RO TO UE-
YAAO x00vVIrnd dtdoTnua Tov yoeldieTal yia vo. ava-

vy 00UV VEES YOUUUES, LELBIVEL TY] ONUOOTOL TNG YEVE-
THNG WG WAL YOT[Yoon Avon mov Ba moohafaiver Ty o-
OTEOTEV{OL TWV TTNVAV.

Mouaget o mbave oL Gueoes val YONYoQES Av-
oeLg Yo BeATimon TG avOEXRTIXGTNTOS THV 00TV VoL
TEOEABOVY aTTS SLOYELQLOTIRES ROLL DLATOOPLHES TTOOL-
HTHES. ALUYELQLOTIXES TOOTOTOOELS €L 0modeLyOel
ot emneedlovy mdpa ToAD BeTIvd Y| AEVNTIRA TV Olv-
Bextndmra twv ootdv. Eival okt mboavs 6t fel-
Tlwomn oto oXedAoUS TOV ®RAOVPLAV YLa TG GVIDES
(7t TEQLOOGTEQOC YWQOC, XOT|ON PWALAS) UTOQEL VoL
Peitioel onuavTrd T ovyvoTnTa %o copaodTnTa
tov xotaypudtov (FAWC 1997). Qotéoo, n FAWC
TOTEIVEL OTL «1] YOO TWV RAUCIRWY RAWPDOV TEETEL
vou #oToyYn0el 0to pecoparQOTEAOEoUO UEANOVS.
Extdc nou edv ) eLlooymyy] vEmV GUOTHUATWY EXTQO-
PG RO 1] TOUTOYQOVY RATAQYNOT TV RAMPWV Oev a-
rohovOnOel and: 1) peimwon otovg TpowpaTIopoUS 0md
OUUTTEQLPOQCE QUUPLOUATMOV OTO CUOTHUATA WIS
®hoUPLd, 2) ®aTdOYNON TOV ELOOYOYDV CUYHOV ROUL
noidvtmv avywv oty E.E. and yweec mov yonowmo-
TOLOVY ®AOUPLA %ot 3) TOWTOYQOV RATAQYNON TWV
nhovfudv oe Shn v E.E., 16te 1) fropnyovio wroei
VO OVTLUETOI{OEL AOEULTO VTAYmVLOUS RO ONUCLVTL-
ROTOTES OLROVORES ENULES.

H dwampogny eiva m o ovvnBrouévny uéBodog mov
YONOLMOTOLE(Ta 0TV TEOoOoTAeLa Peltimong tng o-
oteomeviag. Kot yu avtdv 1o Adyo dev amotehel €x-
TANEN TTOV 1) TEQLOTOTEQEY EQEVVAL 0TV OOTEOOVTOYY
yivetow mpog oty TV ratevbuvon (m.y. aoPéotio,
PdoYopog, frtauivn D). Toomomowwvtag ™ dratpo-
1), TOL OTTOTEAEOUOTAL TV OLOLPOQWV TELQOUATMV TTAVM
0TV 00TEOAVTOYT], OETLRA 1] AQVNTLRA, UTOQOVYV VO El-
VoL AUEDT KoL WEIS OLtrovouxy emBaouvan, 6To ov-
Y®rQ{VOVTOL PE ATOTELECUATO TELQAUATMVY TOV UITO-
QOVV VO TQORVYPOUV UECM TNG YEVETIRNG RO TOV OLat-
YELOLOTLRMV TQOTIOTTOL|OEMV.

REFERENCES - BIBAIOTPA®IA

Adams RL, Harrington RB, Jackson DD, Haugh CG & Stadelman WJ
(1970) A procedure study of bone breakage in spent hens. Poultry
Science, 49:1301-1304.

Ademosun AA & Kalango 10 (1973) Effect of calcium and phosphorus
levels on the performance of layers in Nigeria. 1. Egg production,
egg shell quality, feed intake and body weight. Poultry Science,
52:1383-1392.

Anderson KE & Adams AW (1994) Eftects of cage Versus floor
rearing environments and cage floor mesh size on bone strength,
fearfulness, and production of single comb white leghorn hens.
Poultry Science, 73:1233-1240.

Bar A & Hurwitz S (1984) Egg shell quality, medullary bone ash,
intestinal calcium and phosphorus absorption, and calcium-
binding protein in phosphorus-deficient hens. Poultry Science,
63:1975-1979.

Bastien RW, Bradley JW, Pennington BL & Ferguson TM (1979)
Effect of dietary mineral supplements on radius breaking
strength and egg characteristics of caged layers. Poultry Science,
58:90-92.

Beckett AM (1992) Impacts of bone problems on the egg industry. In:
Bone Biology and Skeletal Disorders in Poultry. Carfax Publishing
Co, pp 339-343.

JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2009, 60(1)
TEPIOAIKO THX EAAHNIKHE KTHNIATPIKHX ETAIPEIAX 2009, 60(1)



KOUTOULISK.C.

61

Bell DJ & Freeman BM (1971) In: Physiology and Biochemistry of the
domestic fowl, Vol. 2. Academic Press, London and New York, pp
269.

Bell DJ & Siller WG (1962) Cage layer fatigue in brown leghorns.
Research in Veterinary Science, 3:219-230.

Belyavin CG, Boorman KN & Volynchook J (1987) Egg quality in
individual birds. In: Egg quality—Current problems and recent
advances. Carfax Publishing Co, pp 105-121.

Brake JD (1991) The effects of caging density and dict on laying hens
performance. Poultry Science, 70(Suppl):148.

Brambell FWR (1965) Report of the technical Committee to enquire
into the Welfare of Animals kept under Intensive Livestock
Husbandry Systems. In: Command Paper 2836. Her Majesty’s
Stationery Office, London.

Cheng TK & Coon CN (1990) Effect of calcium source, particle size,
limestone solubility In Vitro, and calcium intake level on layer
bone status and performance. Poultry Science, 69:2214-2219.

Clunies M, Emslie J & Leeson S (1992) Effect of dietary calcium level
on medullary bone calcium reserves and shell weight of leghorn
hens. Poultry Science, 71:1348-1356.

Couch JR (1955) Cage layer fatigue. Feed Age, 5:55-57.

Duff SRI & Thorp BH (1985) Abnormal angulation/torsion of the
pelvic appendicular skeleton in broiler fowl: morphological and
radiological findings. Research in Veterinary Science, 39:313-319.

FAWC (1997) Farm Animal Weltare Council. In: Report on the
Welfare of Laying Hens. MAFF publications, London.

Ferguson TM, Scott JT, Miller DH, Bradley JW & Creger CR (1974)
Bone strength of caged layers as affected by Portland cement and
sodium bicarbonate. Poultry Science, 53:303-307.

Fleming RH, McCormack HA, McTeir L & Whitehead CC (2006)
Relationships between genetic, environmental and nutritional
factors influencing osteoporosis in laying hens. British Poultry
Science, 47:742-755.

Fleming RH, Korver D, McCormack HA & Whitechead CC (2004)
Assessing bone mineral density in vivo: digitized fluoroscopy and
ultrasound. Poultry Science, 83:207-214.

Fleming RH, McCormack HA, McTeir L & Whitehead CC (1998a)
Medullary bone and humeral breaking strength in laying hens.
Research in Veterinary Science, 64:63-67.

Fleming RH, McCormack HA & Whitechead CC (1998b) Bone
structure and strength at different ages in laying hens and effects
of dietary particulate limestone, vitamin K and ascorbic acid.
British Poultry Science, 39:434-440.

Frost TJ & Roland DA, SR (1991a) Research Note: Current methods
used in determination and evaluation of tibia strength: A
correlation study involving birds fed various levels of
cholocalciferol. Poultry Science, 70:1640-1643.

Frost TJ & Roland DA, SR. (1991b) The influence of various calcium
and phosphorus levels on tibia strength and eggshell quality of
pullets during peak production. Poultry Science, 70:963-969.

Frost TJ, Roland DA, SR. & Untawale GG (1990) Influence of vitamin
D3, 1a-hydroxyvitamin D3, and 1,25-Dihydroxyvitamin D3 on
eggshell quality, tibia strength, and various production parameters
in commercial laying hens. Poultry Science, 69:2008-2016.

Frost TJ & Roland DA SR (1989) The influence of various calcium and
phosphorus levels on bone formation and production performance
of pullets during peak production. Poultry Science, 68(abs):56.

Gregory NG, Wilkins LJ, Knowles TG, Sorensen P & Van Niekerk T
(1994) Incidence of bone fractures in European layers. In:
Proceedings of the 9th European Poultry Conference, (Glasgow)
Scotland.

Gregory NG & Wilkins LJ (1992) Skeletal damage and bone detects
during catching and processing. In: Bone Biology and Skeletal
Disorders in Poultry. Carfax Publishing Co, pp 313-328.

Gregory NG, Wilkins LJ, Eleperuma SD, Ballantyne AJ & Overfield
ND (1990) Broken bones in domestic fowls: Effect of husbandry
system and stunning method in end-of-lay hens. British Poultry
Science, 31:59-69.

Gregory NG & Wilkins LJ (1989a) Effect of stunning current on
carcass quality in chickens. Veterinary Record, 124:530-532.

Gregory NG & Wilkins LI (1989b) Broken bones in domestic fowl:
Handling and processing damage in end-of-lay battery hens.
British Poultry Science, 30:555-562.

Grumbles LC (1959) Cage Layer Fatigue (cage paralysis). Avian
Diseases, 3:122-125. -

Harner JP & Wilson JH (1985) Effect of body size and cage profile on
the shear strength of bones of caged layers. British Poultry Science,
26:543-548.

Hellwig HM & Waldroup PW (1985) Nutritional effects on processing-
induced bone breakage in spent hens. Poultry Science, 64(abs):23.

Hughes BO, Wilson S, Appleby MC & Smith SF (1993) Comparison
of bone volume and strength as measures of skeletal integrity in
caged laying hens with access to perches. Research in Veterinary
Science, 54:202-206.

Huyghebacert G, De Groote G, Froyman R & Derijcke J (1988) Effect
of dietary fluoride on performances and bone characteristics of
broilers and the influence of drying and defatting on bone-
breaking strength. Poultry Science, 67:950-955.

Keshavarz K (1986) The effect of variation of calcium intake on
production performance and shell quality. Poultry Science,
65:2120-2125.

Kim WK, Donalson LM, Herrera P, Woodward CL, Kubena LF,
Nisbet DJ & Ricke SC (2004) Research note: Effects of different
bone preparation methods (fresh, dry, and fat-tree dry) on bone
parameters and the correlations between bone breaking strength
and the other bone parameters. Poultry Science, 83:1663-1666.

Knott L, Whitchead CC, Fleming RH & Bailey AJ (1995) Biochemical
changes in the collagenous matrix of osteoporotic avian bone.
Biochemical Journal, 310:1045-1051.

Knowles TG, Broom DM, Gregory NG & Wilkins LJ (1993) Effect of
bone strength on the frequency of broken bones in hens. Research
in Veterinary Science, 54:15-19. -

Knowles TG & Broom DM (1990) Limb bone strength and movement
in laying hens from different housing systems. Veterinary Record,
126:354-356.

Koclkebeck KW, Harrison PC & Madindou T (1993) Effect of
carbonated drinking water on production performance and bone
characteristics of laying hens exposed to high environmental
temperatures. Poultry Science, 72:1800-1803.

Koutoulis KC (1998) The effects of dietary calcium intake, absorption
and age at sexual maturity on bone strength of battery caged laying
hens. Ph.D Thesis, University of Bristol.

Koutoulis KC, Perry GC & Lewis PD (1997a) Effect of lighting
regimen, calcium supply and age at first egg on tibia stiffness and
breaking strength, and shell quality in laying hens. British Poultry
Science, 38(Suppl):9-10.

Koutoulis KC, Perry GC & Lewis PD (1997b) The influence of calcium
form and intake on bone characteristics and shell quality in laying
hens. In: Proceedings of XIth International Congtress of the World
Veterinary Poultry Association, (Budapest) Hungary, pp 143.

Lanyon LE (1992) Functional load-bearing as a controlling intluence
for fracture resistance in the skeleton. In: Bone Biology and

JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2009, 60(1)
TNEPIOAIKO THX EAAHNIKHZ KTHNIATPIKHX ETAIPEIAX 2009, 60(1)



62

K.X.KOYTOYAHZ

Skeletal Disorders in Poultry. Carfax Publishing Co, pp 61-66.

Lanyon LE & Rubin CT (1984) Static versus dynamic loads as an
influence on bone remodelling. Journal of Biomechanics, 17:892-
905.

Leeson S & Summers JD (1997) In: Commercial Poultry Nutrition.
2nd ed, University Books, Ontario.

McCoy MA, Reilly GAC & Kilpatrick DJ (1996) Density and breaking
strength of bones of mortalities among caged layers. Research in
Veterinary Science, 60:185-186.

Merkley JW (1981) The effect of sodium fluoride on egg production,
egg quality, and bone strength of caged layers. Poultry Science,
60:771-776. -

Miller PC & Sunde ML (1975) Dietary calcium levels in pre-lay and
lay diets in Leghorn pullets. Poultry Science, 54:1856-1867.

Miller SC (1992) Calcium homeostasis and mineral turnover in the
laying hen. In: Bone Biology and Skeletal Disorders in Poultry.
Carfax Publishing Co, pp 103-116.

Moore DJ, Bradley JW & Ferguson TM (1977) Radius breaking
strength and egg characteristics of laying hens as affected by
dietary supplements and housing. Poultry Science, 56:189-192.

Newman S & Leeson S (1997) Skeletal integrity in layers at the
completion of egg production. World’s Poultry Science Journal,
53:265-277.

NRC (1984) National Research Council. In: Nutrient requirements of
poultry. 8th ed, National Academy Press, USA.

Ousterhout LE (1980) Effects of calcium and phosphorus levels on egg
weight and egg shell quality in laying hens. Poultry Science, 59:1480
1484.

Overtield ND (1987) Evaluation of egg quality in commercial practice.
In: Egg quality — Current problems and recent advances. Carfax
Publishing Co, pp 71-86.

Price JS & Russell RGG (1992) Bone remodelling: regulation by
systemic and local factors. In: Bone Biology and Skeletal Disorders
in Poultry. Cartax Publishing Co, pp 39-60.

Randall CJ & Duff SRI (1988) Avulsion of the patellar ligament in
osteopenic laying fowl. Veterinary Record, 128:397-399.

Reichmann KG & Connor JK (1977) Influence of dietary calcium and
phosphorus on metabolism and production in laying hens. British
Poultry Science, 18:663-640.

Riczu CM, Saunders-Blades JL, Yngvesson AK, Robinson FE &
Korver DR (2004) End-of—cycle bone quality in white- and brown-
egg laying hens. Poultry Science, 83:375-383.

Riddell C, Helmboldt CF, Singsen EP & Matterson LD (1968) Bone
pathology of birds affected with cage layer fatigue. Avian Discases,
12:285-297.

Roland DA, SR, Bryant MM & Rabon HW (1996) Influence of
calcium and environmental temperature on performance of first-
cycle (Phase 1) commercial leghorns. Poultry Science, 75:62-68.

Roland DA & Rao SK (1992) Nutritional and management factors
related to osteopenia in laying hens. In: Bone Biology and Skeletal
Disorders in Poultry. Carfax Publishing Co, pp 281-295.

Rowland LO, JR, Damron BL, Ross E & Harms RH (1971)
Comparisons of bone characteristics between floor and battery
grown broilers. Poultry Science, 50:1121-1124.

Rowland LO, JR & Harms RH (1970a) Influence of protamone and
dienestrol diacetate on bone fragility of caged layers. Poultry
Science, 49:128-131.

Rowland LO, JR & Harms RH (1970b) The eftect of wire pens, floor
pens and cages on bone characteristics of laying hens. Poultry
Science, 49:1223-1225.

Rowland LO, JR, Harms RH, Wilson HR, Ross 1J & Fry JL (1967)
Breaking strength of chick bones as an indication of dietary
calcium and phosphorus adequacy. Proceedings of the Society for
Experimental Biology and Medicine 126:399-401.

Sauveur B & Picard M (1987) Environmental effects on egg quality.
In: Egg quality — Current problems and recent advances. Carfax
Publishing Co, pp 219-234.

Singsen EP, Riddell C, Matterson LD & Tlustohowicz JJ (1969)
Phosphorus in the nutrition of the adult hen. 3. The influence of
phosphorus source and level on cage layer osteoporosis (Cage
Layer Fatigue). Poultry Science, 48:394-401.

Taylor AA & Hurnik JF (1994) The cffect of long-term housing in an
aviary and battery cages on the physical condition of laying hens:
Body weight, feather condition, claw length, foot lesions, and tibia
strength. Poultry Science, 73:268-273.

Urist MR (1960) Cage layer ostcoporosis. Endocrinology, 67(abs):879-
880.

Urist MR & Decutch N-M (1960) Osteoporosis in the laying hen.
Endocrinology, 66:377-391.

Webster AB (2004) Welfare implications of Avian osteoporosis.
Poultry Science, 83:184-192.

Whitehead CC & Fleming RH (2000) Osteoporosis in cage layers.
Poultry Science, 79:1033-1041.

Whitehead CC & Wilson S (1992) Characteristics of Osteopenia in
Hens. In: Bone Biology and Skeletal Disorders in Poultry. Carfax
Publishing Co, pp 265-280.

Wilson JH & Ruszler PL (1998) Long-term eftects of boron on layer
bone strength and production parameters. British Poultry Science,
39:11-15.

Wilson JH (1991) Bone strength of caged layers as affected by dietary
calcium and phosphorus concentrations, reconditioning, and ash
content. British Poultry Science, 32:501-508.

Wilson JH, Mason JP & Beane WL (1990) Influence of calcium and
phosphorus on bone strength of spent hens. Transactions of the
American Society of Agricultural Engineers, 33:642-647.

Wilson JH & Harner JP (1988) Influence of body weight and cage
height on the ultimate bending force and stress of the radius and
tibia of layers. American Society of Agricultural Engineers, 31:578-
581.

Wilson S, Solomon SE & Thorp BH (1998) Bisphosphonates: a
potential role in the prevention of osteoporosis in laying hens.
Research in Veterinary Science, 64:37-40.

Wise DR (1970a) Carcass conformation comparisons of growing
broiler and laying strain chickens. British Poultry Science, 11:325-
332

Wise DR (1970b) Comparisons of the skeletal systems of growing
broiler and laying strain chickens. British Poultry Science, 11:333-
339.

Yalcin S, Settar P & Dicle O (1998) Influence of dictary protein and
sex on walking ability and bone parameters of broilers. British
Poultry Science, 39:251-256.

JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2009, 60(1)
TTEPIOAIKO THE EAAHNIKHE KTHNIATPIKHX ETAIPEIAX 2009, 60(1)


http://www.tcpdf.org

