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ABSTRACT 

A study wa s made o f  var 1ous a s p ects o f  5 3  natura l l y  occurr1ng 

ca ses of foot ab sce s s  in sheep . Rad iographic techn ique s were 

u s ed to fol l ow the progre s s  o f  the l e s i on and from th i s , and 

a study o f  the anatomy o f  the dig its , it wa s concluded that 

foot ab sce s s  o f  sheep cou l d  b e  d e f ined a s  an infection o f  the 

d i st al interph a l angeal j o int . For thi s  reason the term 

' foot ab sce s s' was cons idered to be  pre ferab le to the term 

'infective bu lbar necro s i s ' ( Robert s  et al . ,  1968) . 

Support was g iven to the contenti on o f  Roberts et ai.(l9 68) 

that Fu..6obac.tvr..<.um neCJtophoJtum and CoJtynebac.teJt.<.um pyogenu are the 

caus ative or gani sms o f  foot absce s s . Both organi sms we re 

frequently  i s o l ated from natura l ly occurring cas e s , and an 

identica l cond ition wa s reproduced in s even sheep by 

inocul ating a mixture of F. nec...:wphoJtum and C. pyogene.J.> org.1n1 sms 

into the d i stal  interphalangea l  jo int . It appeared l ike ly  

that re l ative ly  greater numbers  of  e ither organ i sm 1n pure 

culture were requ ired to reproduce foot ab sce s s  by th i s  means , 

than by us i ng a m i xture of the two organisms, 

To h elp eva luate the s igni ficance o f  foot ab sce s s  to New 

Zea l and sheep farmer s ,  a po sta l s urvey of New Zealand Romuey 

sheep breeders  was conducted . Foot absce s s  was reported to 

occur in 270  ( 7 7  percent)  o f  the 351 r e spondents ' f l ock s , but 

the incidence o f  foot ab sce s s  with in a f lock wa s l ow .  F oot 

ab scess was considered an imp ortant d isease  by sheep farmers  

because of  the unexpected nature o f  outbreaks at cr itical 

t imes in the farming ca l endar , and the uns at i s factory nat�re 

o f  treatment and prevention . The F. neCJtophoJturll vacc1ne was 

used by a th ird o f  the farme r s  that reported  having 

cas es of foot ab sce s s  in the i r  f locks and many farmers we reeither 

d i s s at i s f i ed with , or unsure o f  its e f fectivene s s . 
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The attack rate o f  foot ab s ce s s  wa s reported to be  h i gher 

for rams than for ewe s . A pos s ib l e  exp l anation for th i s  was 

advanced fo l l owing the inve st igati on o f  an outbreak o f  ov�ne 

interdigita l dermatiti s and foot ab s c e s s  a f fecting lOO 

ind i vidua l s  out o f  300  young rams on a P erenda l e  stud  

property . 

From a study o f  the anatomy o f  the d i g its it wa s �onc luded 

that the di sta l interphal angea l j o int o f  sheep wa s vu lnerab l e  

to infection o r  trauma on the inte rdi g ita l aspect where the 

j o int c ap s u l e  protruded above the coronary border o f  the 

hoo f a s  the dor s a l  and vo l ar pouche s . Foot ab s c e s s  was 

reproduced in 39 d igits o f  20  sheep , fo l lowing interd i g ita l 

ti s s ue damage by the app l ication o f  l iquid nitrogen to the 

interd igital s k in , comb ined with the expo sure o f  the feet to 

wet , faeces-c ontaminated cond itions . It wa s sugge sted that 

th i s  s imu lated what h appens  in natura l outbreaks o f  ovine 

interdigita l dermatiti s  and foot ab s c e s s .  

Ovine interd i g ita l dermatiti s  responded read ily to the 

c omb ined therapeutic mea s ure s o f  dry surround ings , formal in 

foot bath ing and s e l e cted antib iotic  therapy . In contra st , 

onc e  in fection became e stab l i shed in the d i sta l interpha l ange a l  

j oi nt ( foot ab s c e s s ) , the above treatment was n o  l onger 

e f f e ctive . Permanent j o int damage with de formity wa s 

inevitab le ,  but the e f fects o f  th i s  wa s reduced i f  the axi a l  

c ol l ateral l igaments rema ined intact . The foot hea l e d  

s u f f ic ientl y  t o  a l low f o r  adequate l o c omotion a fter a p e r i o d  

o f  about two months . It was po s s ib le , u s ing rad iograph i c  

technique s t o  a s s e s s  i f  the d i sta l interpha langeal  j o int was 

inf e cted , the approximate duration o f  the j o int infection , 

and the l ike l y  degree o f  permanent damage and d e formity . 
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sk�n 

The l e f t  h ind foo t o f  sheep number  
1 6 ,  after  the app l i cat ion o f  
l qiu id ni trogen to the interd i g i tal  
skin . 

The l e f t  h ind foo t o f  sheep 
number 15 , a f ter the app l i ca t i on o f  
l iqu id ni trogen to  the in terd i g i tal  
skin . 

(Xi i ) 
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DEFINITION 

Foot abs ce s s is an acute purulent i nfec t ion usually 

involvi ng one d i g i t  of the foot ( Gregory , 1 9 3 9 ) . Infec t i on 

i s  presumed to s tar t i n  the interd i g i tal space ( Gregory , 

1 9 3 9 ; Roberts, Graham , Egerton and Parsonson , 1 9 6 8 ) , and 

extend into the deeper s truc tures of the d i g i t  to i nvolve 

the tendons and ligamen ts of the j o i nt s ( Murnane , 1 9 3 3 ) . 

The so f t  t i s s ue s  j u s t  above the cor onet on the abax i al 

a spec t  become d i s tended w i th pus , and pres sure on thi s  area 

expres ses pus from the orig inal les i on in the i nter d i g i tal 

space ( Gregory, 1 9 3 9 ) . In the latter s tages pus and some­

times nec r o t ic mater i al such as por tions of ligamen t s  are 

d i s charged f rom the s i nuses at e i ther the coronet or the 

interdi g i tal s pace . The developmen t of exces s ive 

gr anulation tis sue i s  frequently encountered parti cularly 

in the interdigi tal space. Eventually the bacter i al 

infec tion subs i des but wi th resolut ion c on s i der able 

fibro s i s  may cccur , and the d i g i t  remai n s  swollen and 

res tr i c ted in movemen t ( E gerton and Graham , 1 9 6 9 ) . 

H i s torical 

Much of the literature on d i seases o f  sheep's feet has been 

devoted to footrot. The cond i t i on wa s shown by Bever idge 

(1 9 4 1) and Roberts and Egerton ( 1 9 6 9 )  to be caused by the 

spec i f i c  transmitting agen t Bac;teJto..i..de-6 nodO!.>uJ.> (B . rwdo.6U!.>) i n  

a s s o c i ation with other organi sws parti cularly FuJ.>obac;te/l.)..um 

ne.c.Jto phoJtum ( F. necJto phoJz.wn J • 

Murnane (1 9 3 3 )  des cr ibed two types of 'footrot', one o f  

whi ch was the common subacu te f orm wh i ch frequen tly p a s sed 

to a chron i c  state , and the other was the les s  commo n , acute 

or malignan t type . Gregory ( 1 9 3 9 )  advanced the view that 

from both the clini cal and bac ter iolog i cal points o f  v iew 

these two cond i t ions were d i s ti n c t  entities . For the les s  

conunon acu te type , Gregory ( 1 9 3 9 )  proposed the name 'digital 

suppurat ion' which vlas des cr i pti ve of the extens ive pyogeni c 

proce s ses usually i nvolv i ng one d ig i t  only . In mo s t  of the 
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cases he s tudied, the organi sm o f  importance was 

F. ne.c.Aopho.�t-um although EJ.Jc.heJt-i.c.h-<.a c.oU (E. c.ol-i. l and 

CoJtyne.bac;te/l)_um p yoge.ne.J.J (C . p yoge.ne.J.J )  were s ometimes cultured and 

.s omet imes observed i n  smear s of exuda te. 

The term foot abs ce s s  g radually took the place of d i g i tal 

suppuration, bu t thi s des c r iption included les i ons of both 

the lamellar and bulbar regi ons o f  the foot ( Deane, Dav i s ,  

E pling and Jens en, 1 9 5 5 ) . The observations of Roberts, 

Graham, Eger ton and P arsonson ( 1 9 6 8 )  sugges ted that thes e  

were two separ a te cond i t i ons, v iz. ' toe abs ces s• af fec t ing 

the lamellae and 'heel abs cess• a f fe c t ing the bulbar so f t  

t i s s ues. The m o s t  c ommo n  and important form, 'heel abs ce s s •  

they renamed i n fective bulbar necro s i s  and found tha t  i t  

occurred mos t o f ten i n  the hind feet of lambing ewes and rams 

dur i ng cool, wet per i od s. Thei r  experimen ts sugges ted that 

i t  was pr obably a true mixed infe c t i o n  involvi ng the i n ter­

related action of F .  ne.cAophoJtum and C .  pyoge.ne.J.J . 

I n  c ontrast to Mur nane ( 19 3 3 ) , Gregory ( 1 9 3 9 )  and Beveridge 

(1941); Rober t s  e;t al. ( 1 9 6 8 ) con s idered the bulbar s o f t  

t i s sue t o  b e  the maj or s i te of the i n fection and the i r  

cl i n i cal des cr iption d i d  n o t  include les ions o f  e i ther 

joi n t s  or ligamen ts. 

D I F FERENT IAL D IAGNOS I S  

Toe abs ces s (lamellar suppuration ) 

Confu s i on has ari sen bec ause toe abs ces s, like foot abs ce s s, 

i s  an acute suppur a tive cond i t io n  c ommonly af fec ting only 

one d i g i t. 

T oe absces s i s  a les s  common cond i ti on that occurs mai nly at 

the toe in the f ront feet. Exposure of the sen s i tive 

lamellae o f ten due to breakage of overgrown horn or 

s eparat ion of the wall f ollowing lam i n i t i s  ( E gerton and 

Graham, 1969) may resul t  in oppor tun i s t  infection. I n  the 

major i ty o f  cases the earl ies t  s ig n  of i nfec tion i s  an acute 
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lamene s s , s o  pa i n ful tha t the animal refuses to bear any 

wei ght on the leg. Exam i n ation m ay f a il to reveal any 

obv i ou s  les i on but gener ally one claw i s  found to be hot and 

pres sure appl ied to the wall causes the animal to fli nch. 

Careful par ing away of the horn a t  the toe reveals the 

presence of impr i s oned pu s. If the or i ginal s i te o f  i n j ury 

on the plantar sur f ace become s sealed by mud , f aeces or 

exudate , infec tion can tr ack upwar d s  and produce a s i nu s 

above the coronet. 

Foot abs ces s , f o o trot and toe ab s ce s s  can o c cur s imultaneously 

in a flock , in the s ame sheep , and even in the s ame foo� 

( Bels chner , 1 9 3 9 ) . 

Footrot 

"Footro t i s  a contag ious d i sease o f  the sheep 's foot 

char a c teri sed by separ ation of a large por tion of the hoof 

f r om the so f t  t i s sues due to a spreading infection 

immecllately benea th the horn" (Eever i dge , 1 9 4 1 ) . 

The i n fect ion c ommences i n  the i n terd i g i tal ski n , and horn 

separ ation is o f ten seen f i r s t  i n  the angle o f  the heel s , 

bu t l a ter extend s  f orwards under the plantar sur f a ce and 

wall s. In uncompli cated c ases there i s  little suppur ati on. 

Both d i g i t s  o f  the foot are i nvar i ably affe c ted , each sheep 

o ften having more than one , but rarely all four feet 

i nv olved. Footrot i s  a flock d i sease and under sui table 

envir onmen tal c o nd i t ions may spread r apidly until over 9 0  

per cent of the flo ck bec omes infec ted. Footrot can be 

d i f ferentiated from foot abs cess bec au se o f  the separation 

of the horn , the m inimal swelling and suppuration , the 

character i s ti c  o dour , the general bilateral i nvolvement o f  

the d i g i ts , and under suitable cond i t i ons , the rapid spread 

o f  the in fec t i on to involve other sheep in the flock. 

Confirmati on o f  footrot i s  dependan t  on demons trating the 

presence of B .  nod0.6U6. 
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Scald 

Th i s  term has been u sed in the pas t  to des cr ibe any 

i nterd igi tal derma ti ti s . I nterdigi tal dermat i t i s  caused by 

F. ne.cJLophonwn is now c alled ovine i nterdigi tal dermat i t i s  

( Par s onson, Eger ton a n d  Rober t s, 1 9 6 7 ) , and i nterd igi tal 

dermatit i s  that i s  restri cted to the i nterd igi tal integument, 

and c au sed by s tr a i n s  of B .  n.odo.ou-6 i s  now called benign or 

non-progressive footrot ( Thomas, 1 962 ; Eger ton, Roberts and 

Par s on s on, 1 9 6 9 )  . 

Murnane ( 1 9 3 3 )  referred to a cond ition i n  sheep runn i ng on 

wet o r  swampy coun try whi ch closely resembled the early 

stages of footrot. I t  readily responded to forma l in 

footba thing and s ometimes cleared up spontaneou sly, 

espec ially under drier cond itions . Enge l ( 1 9 3 3 )  and 

Snowdon ( 1 9 5 3 )  observed a s imilar condi t ion that developed 

in footrot- free flocks a f ter heavy fros ts. I n  Br i tain th i s  

condition has al s o  been referred to a s  'S cad ' ( Anon., 1 9 6 9 ) . 

The p i cture wa s somewhat confus2d by Thomas ( 1 9 6 2 )  who made 

a very wor thy study of non-progres s ive footrot and the 

organism that caused it, but des cribed the d i sease as ' s c ald '. 

Finally, Par sonson e;t al. ( 1 9 6 7 )  stud ied ' s c ald ' i n  s i x  

footro t - f ree flocks i n  S outh E a s tern Au s tral i a. They showed 

the d i sease to be an acute necrot i s i ng infec t i on res tr i c ted 

mai nly to the poster ior i n terd igital skin and a s s o c i ated 

with epidermal i nvas ion by F .  ne.'Yl.ophoJtwn. Exper imental 

infection with F. ne.cAophonwn was dependent on pr ior skin 

damage induced, either by prolonged water macerati on, or by 

scar i fy ing the i nterd igital skin ( Par s onson e;t al. , 1 9 6 7 ; 

Egerton e;t al., 1 9 6 9 ) . Numerous diphtheroid bacteria 

inclu d i ng C. pyoge.ne.-6 were found a t  the skin surf ace by 

Par sonson e;t al. ( 1 9 6 7 )  and they suggested that these would 

a s s i st the: establi shment and i nvas ion o f  F. ne.cAophonwn by 

u s i ng oxygen, decre a s i ng the Eh, and produ c i ng catala se. 

Thi s  newly def ined condition was named ovi ne i nterdigi t al 

dermatiti s . 
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Ovi ne interd i g ital dermat iti s  and foot abscess have been 

observed to o c cur with i n  a flock at the same time ( Roberts 

et al., 1 9 6 8 ) , and it wa s suggested by Egerton, Roberts, Gr aharn 

and Par s onon ( 1 9 6 6 ) that ovi ne i nterdig ital dermat it i s  

precedes and predisposes t o  foot absces s. Only dur ing the 

tran s itional stage should cl i n i cal d i f ferent i ation pose any 

d i f f iculties; at other t imes the con f i nement of ovine 

interdig ital dermatiti s t o  the i nterdig ital space d i f ferent­

iates it from foot abs ces s. 

Other condition s  

The f ollowi n g  c onditi ons should be ment i oned under d i f ferential 

d iagnos is, because they c au se lamenes s  in sheep, but it i s  

unlikely th at they would be c on fu sed with f oot abs ce s s  

bec au se they all have spec i f i c  char acter i st i c  features. 

Foot and Mouth D i sea se 

Th is viru s  i n fection af fects all cloven-hooved an imals and 

character i st i c ally produces ves i cles on the coronet and in 

the i nterd i g ital space. Following rupture the ves i cles may 

be invaded by environmental organisms i ncluding F. ne.cJLophoJtwn. 

Separ ation o f  the hooves starts f i r st at the coronet and the 

h igh morbid ity and other system i c  ef fects d i f ferent iate it 

f r om foot abs cess. 

Contag iou s  pustular dermatit i s  

Thi s  virus d i sease i s  a proli ferative dermat it i s a f fecti ng 

mainly lamb s. Scab s  tend to build up and coale s ce about the 

lip s and coronet and s ometimes in the i nterdi gital space. 

Secondary i nfection of these les ions w ith F .  ne.cJLophoJtwn f rom 

the e nvironment commonly occurs. The age group af fected, the 

characteristic s ites and proli fer ative nature o f  the les i on, 

and the high morbid ity d i f ferent i ate it from f oot abs ce s s. 

' Strawberry footrot ' 

VeJtma;tophi.e.U6 c.ongole.YL6.<..6 in fect ion appear s  i n  the form of 

multi ple r a i sed s cabs between the coronet and the knee or 

hock. Chara cterist i c  filaments and coccoid forms o f  
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unders i de of s cab mater i al . 

Suppurat ive cellul itis 

7 .  

In suppurative cellulit i s  there i s  patchy dermat it i s  due to 

F. ne.cJtophoJu.mi in fect ion of the lower limbs, parti cularly that 

part on the po ster i or a s pect of the limb between the hock 

and the pastern . The s ite a f fected d i f ferent i ates it from 

foot abs ces s .  

P o st-dipping lamenes s  

Dipping sheep in d ips contaminated w ith EJty.oipe.loth!Ux in6idio.oa 

org ani smscan lead to infect i on o f  skin wound s w ith 

subsequent spread to the laminae . There i s  no tendency for 

abscess f ormation as occur s in f oot abs cess. 

FOOT ABSCE S S  

ECONOM I C  IMPORTANCE , INCI DENCE AND P REVALENCE 

Although there has not been an evalu ation o f  the economi� 

impo rtance of f oot abs ce s s  to the sheep indu stry, second to 

footrot, it pas always been cons idered the most common and 

most important infection of the ovine foot ( Roberts e.t aL, 
1968). Much o f  thi s  importance undoubtedly a r i ses becau se 

foot abs ce s s  o c cur s more frequently in ewes clo se to lambing 

(Roberts e.t al., 1968) and in r am s  ( Thomas, 1962) than in 

other cla s se s  of sheep . P roduction lo s ses may therefore 

ar i se i f  sheep breeding programmes are d i s rupted by rams 

developing foot abs ces s clo se to the per iod o f  mating or i f  

ewes develop pregnancy toxaemia as a consequence o f  the 

severe lamenes s  a s sociated w ith foot abs cess . 

In Austr ali a, Gregory (1939) c on s i dered that foot abs ce s s  

o ccur red sporadically in most flocks but outbreak s involving 

up to ten percent of a flock have been reported ( Belschner, 

1939). These outbr2aks wer e  u sually observed after per i od s  

o f  r a infall dur ing autumn, winter and spr ing ( Roberts e.t al., 

1968). 
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In New Zealand Clark (1966) repor ted from a l im i ted pos t al 

survey o f  36 f a rms in the Malvern and Ox ford counties tha t  

foot abs cess o c curred o n  19 ( 5 2 . 7 percent)  proper ties and 

where presen t , the inc idence ranged from 0. 01 percent to 

2 0  per cent w i th an average of 1.71 percent . 

Will i am s on (1953) repor ted treat ing 75 sheep w i th foot abs ce s s  

in the Waimate reg ion of the South I s land , over a 16 month 

per iod,bu t d i d  no t s tate the population tha t  these were 

der ived from. 

Foot abs cess was observed by Rober t s  e:t ai.. ( 19 6 8) to be more 

prevalen t  in ewes in late pregnancy than in dry ewes. In 

four flocks o f  pregnant ewes exami ned the prevalence 

r anged from fou r  to seven percent whereas in dry ewes 

exami ned s imultaneou sly in the s ame d i s t r i c t  i t  \vas n o t  more 

than one percen t . 

Thu s i t  appear s that pred i spo s ing f a c tors such as clima t i c  

infl uences a n d  pregnancy may have a pro found e f fect o n  the 

prevalence o f  foot abs ce s s. 

AETIOLOGY 

Research into the aetiology of foot abs ce s s  f alls i n to two 

c a tegories: -

1. the cau s a t ive organ i sms, and 

2. the pred i s p o s ing f ac tor s 

1. The cau s a tive organi sms 

The identi f i cation o f  the important mi croorgani sms in a 

s i te such a s  the ovine foot i s  confused by the area under 

examination being i n  contac t w i th soil and f aeces, and 

consequently contaminated w i th numerou s  organ i sms both 

pathogen i c  and non - pathogeni c. 

·rhe only publi shed authora t a t ive s tudy on the ae t i o l o gy o f  
ovine f o o t  absce s s  wa s conducted by Rober t s  e:t ai.. (1968) 
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C. pyogenv.. were the causative organisms. 
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It is intended here to first discuss the role of these 

two ind ividua l organ� sms . ·  

FU6oba.c.te!Uwn necJLopho!tum 

FU6oba.c.te!Uu.m necJLopho!tum is described in the 8th edition of 

Bergey's Manual of Determinative Bacteriology as a 

gram-negative, non-spore-forming, non-motile, strictly 

anaerobic, pleomorphic bacterium in the family 

Ba.deJto..i..da.c.ea.e. Over 2 0 different binomials have been 

used at various times to refer to this organism 

(Barbara Langworth, 1977) but F. necJLophoiUlmis now the 

accepted terminology. 

Fw.,oba.de!Uwn necJLophoJtu.m has been isolated from the 

alimentary tract of man and other animals and from 

necrotic lesions and abscesses, but in particular from 

bovine liver abscesses, foot rot of cattle, sheep and 

pigs, and abscesses of the foot (Simon and Stovel, 1969). 

The organism can also survive in soil for relatively 

long periods (Garcia, Neil and McKay, 1971). Using the 

fluorescent antibody technique Gacia e.t a.t. (1971) could 

detect the presence of F. necJLopho!tum in damp soil for as 

long as eight weeks under aerobic conditions and up to 

eleven months under anaerobic conditions. 

Studies of the pathogenic mechanism of, and immune 

response to; F. nec.MphoJtu.m have been reported relatively 

recently by many investigators (Roberts, 1967a and b; 

Roberts, 1970; Alexander, Garcia and McKay, 1973; 

Gacia. Dorward, Alexander, Magwood and McKay, 1974; 

Gacia, Charlton and McKay, 1975; Abe, Lennard and 

Holland, 1976; Abe, Majeski and Lennard, 1976; 

Cameron and Fuls, 1977; Fa·les, Warner and Teresa, 1977; 

Coyle-Dennis and Lauerman, 1978; Coyle-Dennis and 

Lauerman, 1979). Much of this research has centred on 

the role of toxins produced by F. necJLopho!tum and the 
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possible use of toxoids in vaccine composition. Both 

·endotoxins (Gacia e;t al.., 1975) and exotoxins (Roberts, 

1967a; Coyle-Dennis and Lauerman, 1979) contribute to 

the pathogenicity of F. n.e.cJwphottum. Roberts(l967a)using 

� v�vo methods demonstrated the importance of leucocidal 

exotoxin produced by F. n.e.cJLophottum. In experimental 

injections to the dermis of rabbits, sheep and guinea 

pigs, the leucocidal exotoxin inhibited leucocytes from 

leaving blood vessels within the inoculated area, and 

leucocytes outside the area were arrested ar.d destroyed 

at the periphery. Buxton and Fraser (1977) considered 

that the migration of leucocytes into an area of 

inflammation was a most important initial response of 

the host to microbial infection, which concentrated 

cells with phagocytic properties into a focus of 

infection. In the presence of the leucocidal exotoxin 

produced by F. n.e.cJLophottum this defence mechanism was 

severely limited in effectiveness. Roberts (1967a) 

suggested that in mixed infections the leucocidal 

exotoxin would protect other organisms as well as 

f. n.e.c.JtophoJt.um from phagocytosis. 

More recently other leucocidal exotoxins have been 

identified (Fales e;t al. , 1977; Coyle-Dennis and 

Lauerman, 1978) and a correlation established between 

the virulence of F. n.e.cJLophoJwm isolates and their 

leucocidal exotoxin production (Coyle-Dennis and 

Lauerman, 1979). 

In natural foot infections, F. n.e.cJLopho.ttum frequently acts 

co-operatively with other bacteria (Berg and Loan, 1975; 

Egerton e.t a�., 1969; Roberts and Egerton, 1969; and 

Roberts, 1969). 

Roberts e;t al.. (1968) considered F. n.e.cJwphoJtum to be the 

primary pathogen in ovine root abscess but also 

frequently isolated C. pyoge.n.e6. Roberts (1967a and b) 

determined the association between F. n.e.c.Jtophottum and 

C. pyoge.n.e6. Fuoobac..te.tUum n.e.c.Jtopho.ttum was the more invasive 
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and destructive organism and produced a leucocidal toxin 

that protected both C. pyoge.ne.-6 and itself from 

phagocytosis. On the other hand C. pyogene.,o produced a 

factor which stimulated the growth and invasiveness of 

f. nec.Jtopho!twn. 

Parsonson e..:t al. (1967) working with ovine interdigital 

dermatitis, isolated gram negative rods, filamentous 

forms, gram negative cocci and dipheroids (including 

C. p yoge.nu) from about 500 cases of ovine interdigi tal 

dermatitis. They were able to reproduce the disease by 

placing f. ne.c.Jtopho!twn soaked pads on scarified inter­

digital skin. Because of the known interrelationship 

between f. nec.Jtopho!twn and C. pyoge.ne-6, ovine interdig .L tal 

dermatitis has been defined as being caused by 

f. neCJtopho!twnin association with C. pyoge.ne-6 (Egerton and 

Graham, 1969). 

Egerton, Roberts and Parsonson (1969), and Roberts and 

Egerton (1969) emphasised the role played by f. ne.�wpho!tu.m 

in ovine footrot. Although B .  nodo.6uo a cts as the 

essential transmitting agent of footrot, by itself it 

was found incapable of causing the disease. Some prior 

invasion by f. neCJtopho!twn was necessary before B .  nodo.6uo 

could invade the interdigital skin of sheep's feet. 

Once B. nodo.6U6 infection was established, deeper 

penetration by f. neCJtopho!twn organisms was observed 

histologically. This increase of invasiveness was 

attributed to the production of a nutrient factor by 

B. nodo.6uo which Roberts and Egerton (1969) had 

demonstrated both .<.n vilio and .<.n v.<.vo. 

Berg and Loan (1975) working with footrot of cattle 

(interdigital necrobacillosis: Greenough, MacCallurn 

and Weaver, 19 7 2) isolated F. nec.!topho!twn and Bac...te.Jto-<.de-6 

meia.n.<.noge.n.<.c.uo ( B .  me1a.n.<.nogen.<.c.U6) as well as other 

organisms from all eight cases examined. In experimental 

infections with pure and mixed cultures they obtained 

the most severe lesions with a dual inoculum o f  
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F. ne.cAophoJw.m and B. me.ta.rz,inoge.nic.u;., and concluded that 

those two were the aetiological agents of footrot in 

cattle. 

It may be concluded that although the pathogenesis of 

these various foot conditions of sheep and cattle is 

complex, a common factor appears to be an initial 

infection with F .  ne.cAophoJtwn. In these infections the 

pathogenesis of F. ne.cAophoJw.m appears to involve the 

following series of events. Initially there is a break 

in the surface epithelium by which F. ne.cAophotu.un gains 

entry. As the bacteria proliferate,an exotoxin is 

produced which arrests and destroys the invading 

leucocytes thus inhibiting phagocytosis and permitting 

itself and other bacteria to become established and 

grow. Necrosis of the local tissues ensues as toxins 

are produced. Other bacteria that act in association 

with F .  ne.c.'wpho!twn such as B. nodM!L6 and C. pyoge.ne.J.> 

produce factors which stimulate the growth and 

invasiveness of F. ne.cAophotu.mJ thereby increasing the 

tissue destruction. 

CoJtyne.ba.c.te.Jtiwn pyoge.ne.J.> 

CoJtyne.ba.c.te.Jtiwn pyoge.ne.J.> is described in the 8th edition of 

Bergey's Manual of Determinative Bacteriology as a 

non-motile, non-spore-forming, non-capsulated, gram­

positive rod. The organism has been frequently isolated 

from acute suppurative lesions in cattle, sheep and pigs 

and from mastitis in cattle (Blood and Henderson, 1974), 

but can also be isolated from normal animals and is 

presumed to be a parasite on mucous surfaces of warm­

blooded animals (Buxton and Fraser, 1977). 

Gardner (1961) described a condition of severe lameness 

in two flocks of sheep, characterized by sinus formation 

in the interdigital space only, and not at the coronet 

region as in typical foot abscess. C. pyoge.ne.J.> was 

isolated from the puru l en t  interdigital lesion. 
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CoJtyne.bac.te/!...{_um pyoge.nell produces a filterable haemolytic 

toxin when grown in cooked meat media or in milk (Buxton 

and Fraser, 1977). This toxin is fatal to rabbits and 

mice when inoculated intravenously and causes necrosis 

when injected into the skin of guinea pigs. 

In sheep C. pyoge.nell and F. ne.cAophoJtum are frequently isolated 

from the same lesion (Parsonson e;t a.L, 19 6 7; Roberts 

e;t al.., 1968; and Egerton e;t a£., 19 69) , and have been 

shown by Roberts (l967a and b) to act co-operatively. 

The role of C. pyoge.nell in this association was clarified 

by Roberts (l967b). He demonstrated that filtrates from 

C. pyoge.n.ell stimulated the growth of F. n.e.c./wphoJtum 

organisms in the dermis of rabbits and sheep. The 

factor in the filtrate of C.  pyoge.n.ell was a heat-labile 

undialysable macromolecule. The affect of this agent in 

stimulating the growth of F. ne.c.Jtopho!twn was considered 

important in the pathogenesis of ovine interdigital 

dermatitis (Parsonson e;t a£., 1967), ovine foot abscess 

(Roberts e;t a1.., 1968) and ovine footrot (Roberts and 

Egerton, 1969). 

Experimental reproduction of foot abscess 

It was suggested by Egerton, Roberts, Graharn and 

Parsonson (1966) that foot abscess arises from ovine 

interdigital dermatitis and this is supported by their 

subsequent observations (Roberts et a£., 1968) that both 

conditions were present in flocks at the same time and 

that in several instances foot abscess had been preceded 

by ovine interdigital dermatitis. Although ovine 

interdigital dermatitis can be reproduced experimentally 

by either scarifying or macera�ing the interdigital skin 

in the presence of F. ne.c.JtophoJtum organisms (Parsonson 

e;t al.. , 1967; Graharn and Egerton, 1968) it has not been 

possible to reproduce foot abscess by this means. 
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The only report of experimental reproduction of foot 

abscess was by Roberts e;t al.. (1968). Cultures 

containing about 2 x 108 F. necAophoJtum organisms per ml 

or 109 C. pyogene;., organisms per ml and a mixture of the 

two in volumes of 0. 2 ml, were injected into the medial 

digital cushion of three sheep. Within seven days the 

heels of all the injected digits were swollen. Purulent 

material discharged at the site of injection in two out 

of three digits given pure C. pyogene;., but not in those 

given pure F. necAophoJtwn. Two of the three digits that 

received the mixed inoculum discharged pus both at the 

injection site and through the interdigital skin. The 

lesions in thes e two feet were considered similar to 

naturally occurring cases of foot abscess, although no 

confirmatory tests such as radiology were performed. 

The deposition of relatively large numbers of a mixture 

of F. necAOphoJtum and C. pyogene;., organisms into the deeper 

tissues of the foot does not explain how, in naturally 

occurring cases, the bacteria reach the area and 

multiply sufficiently to cause foot abscess. 

The role of F�Mobaaeltiwn necAophoJtwn and CoJtynebaae!Uwn pyogen� 

in ovine foot abscess 

The first person to differentiate foot abscess from other 

ovine foot conditions was Gregory (1939). He found that 

exudates expressed from sinuses contained numerous 

filaments of F. nec.JtophoJtum and smaller numbers of other 

species, particularly E. c.oli and C. pyogene;.,. Because of 

the predominance of F. ne.c.JtophoJtum and its ability to induce 

a similar exudation when injected into the tissues of 

sheep, Gregory concluded that F. necAophoJtwn was the main 

causative organism, a view with which Belschner (1939) 

concurred. 

Roberts e.:t al.. (1968) considered that foot abscess was a 

mixed infection with F. ne.cAophoJtwn and C. pyoge.ne;.,. This 

opinion was formed following observations made on 
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approximately 1000 cases of foot abscess in South 

Eastern Australia. In gram-stained smears of exudate 

from early cases of foot abscess a filamentous organism 

morphologically typical of F. necAopho!tum was seen most 

frequently, but a moderate number of diptheroids were 

also present, and in older cases the diptheroids 

predominated. FuJ.Jobac..te!Uwn necAopho!twn predominated in 

anaerobic cultures made from exudates. Aerobic cultures 

of exudates from early cases contained C. pyogene-6 almost 

exclusively. In later cases C. pyogenu was still present 

but other bacteria were also isolated, particularly 

streptococci. 

In histological sections made from the infected soft 

tissues of the foot, filamentous organisms morphologically 

resembling F. necAophotwm were more numerous and stained 

more intensely at the periphery of the lesion. In 

contrast d i p thero i d  organisms were present mainly in the 

centre of the lesion, and in diminishing numbers towards 

the periphery. 

It was concluded by Roberts e;t a..t. (1968) that 

F. nec.!topho!twn was the organism penetrating tissue at the 

forefront of the necrotising process and that C. pyogene-6 

was the diptheroid organism proliferating in the centre 

of the necrotic lesion. Earlier work by Roberts (1967a 

and b) had determined the association between these two 

organisms and the importance of factors produced by 

each which assisted the effectiveness of the other. 

Further evidence for the combined role of F. necAophoJtum 

andC. pyogenu in the aetiology of foot abscess was 

provided from the experimental reproduction of a similar 

condition in two of three sheep (Roberts e;t al., 19 6 8) 

in which a combined inoculum was injected into the 

digital cushion. On the other hand pure cultures of 

each organism used on their own, although containing 

twice as many bacteria as the combined inoculum, failed 

to reproduce foot abscess. 
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In conclusion there is much circumstantial evidence that 

F. ne.ctwphoJwm and C. pyoge.ne.!.l are the aetiologically 

important organisms in ovine foot abscess but the 

possibility of other organisms playing an essential or 

supporting role cannot be dismissed. 

2. Presdisposing factors to Foot Abscess 

Env ironmenta l Factors  

The role of the environment in predisposing sheep to 

foot infections was described in general terms by 

Murnane (1933) and Beveridge (1934). Both workers 

associated infections of the interdigital skin with wet 

pastures although by itself moisture was not considered 

sufficient to cause infection without the presence of 

specific infecting agents. Murnane, (1933) kept sheep 

standing in water for periods of up to 3 months without 

development of footrot. 

Beveridge (1941) showed that normal healthy skin was 

relatively resistant to infection and he believed water 

maceration to be an important predisposing cause. 

Experimentally, interdigital skin damage sufficient to 

permit invasion by F. ne.cJtophoJwm organisms has been 

provided by maceration fromcon t inuou s exposure to water 

for 3 to 4 days (Graham and Egerton 1968; Egerton �at., 
1969). 

Beveridge (1934) considered that any physical damage to 

the interdigital space might predispose to foot 

infections. As possible examples of physical damage 

both Beveridge (1934) and Roberts �at. (1968) referred 

to sheep walking on stones, stubble or thistles, friction 

between the digits, or penetration from barley grass 

seeds. Physical damage to the interdigital space has 

been simulated experimentally by either scarifying or 

incising the interdigital space (Parsonson et at., 1967; 

Egerton � al., 1969). This successfully predisposed 

the interdigi tal skin to infection by F. ne.cJtophotwm organisms. 
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Graham and Egerton (1968) emphasised the importance of 

warmth in the transmission of ovine foot rot but tissue 

damage due to cold temperatures has been suggested as 

contributing to the invasion by F. n.e.C!lopho!Lum organisms 

of the interdigital space (Parsonson e.:t a.L, 1967; 

Roberts e.:t a£., 1968; anon. , 1969) . . Parsonson e.:t a£. 
(1967) observed a higher prevalence of ovine interdigital 

dermatitis during winter than during summer and Roberts 

e.:t al., (1968) observed a similar increase in the 

prevalence of foot abscess during winter. However the 

district under observation by both Parsonson e.:t a£. 
(1967) and Roberts e.:t at. (1968) had a predominantly 

winter rainfall and it is possible that the prevalence 

of both ovine interdigital dermatitis and foot abscess 

was increased by the wet underfoot conditions rather 

than the cold temperatures during winter. 

Penetration of the interdigital space by St!ton.gyioicle.6 larvae 

Beveridge (1934) noted tha:: S:tlton.gyioide.6 pa.pillo.6io larvae 

develop under conditions favourable for the spread of 

ovine footrot and that when larvae of this parasite 

were applied to the interdigital skin, an appreciable 

degree of damage occurred. He also noted that footrot 

was more easily reproduced when S:tlton.gy.toide.6 larvae were 

applied to the interdigital space in conjunction with 

'infective material' than when 'infective material' only 

was applied. This observation has been recently 

confirmed by Cross (1978). The presence of 

S.tJr..on.gyioide.-6 pa.pillo.6io larvae under experimental conditions 

increased the number of feet which developed footrot 

from one out of sixty in the control group, to five out 

of fourteen in the treated group. However damage to 

the interdigi tal skin by S:tlton.gyf.o..i_de.-6 l a r vae was not 

considered essential to the transmission of ovine foot 

rot (Roberts and Egerton, 1969). 

' 
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E xperimentally S.:t!tongylo-<..du pap.U£0.6-£.6 larvae have been 

observed in a limited number of cases to assist the 

penetration of F .  ne.CJLophoJuun organisms into the deeper 

tissues of the foot (Mantovani, Restani, Ricci-Bitti, 

Sanquinetti and Biavati, 1974), but the role of 

S.:t!tongylo-<..du larvae in predisposing sheep's feet to foot 

abscess is not known. 

The misuse of formalin 

Formalin has been routinely used as a treatment for foot 

rot in sheep for many years, and when used in the 

recom mend ed manner, formalin foot bathing is both safe 

and effective. 

The first report of severe injury to sheep's feet 

following treatment with formalin was by Pryor ( 1959) who 

described the occurence of lameness in two flock s. In 

one flock, lO O merino sheep had been treated with 1 0  per 

cent formalin for about 30 minutes three times a week. 

After 4 weeks most of the flock had severe keratinisation 

of the interdigital skin. Similar lesions were observed 

in a second flock that had been treated with 2 0  percen t  

formalin for 2 0  to 30 minutes once a week, and were also 

walked through the foot bath, usually twice a week. In 

addition some of the sheep in the second flock had 

intP- rdigital ulcers and sinuses to d eeper structures. 

Annie L ittlejohn (1972 ) observed hyperkeratinisation of 

the interdigital s ki n  of sheep ' s  feet which had been 

exposed to 1 0  perc en t  formalin for as short a time as 

one minute twice weekly. She also described the 

development of a p yogenic infection of the d istal 

interphalangeal joint of an individual sheep that had 

been exposed repeated ly to 30 percent  formalin solution. 
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Hooper and J ones (1972) des� ribed devastating injury to 

the feet of a flock of Z50 sheep fol lowing foot bathing 

of the fl ock on alternate days for 5 weeks in a formal in 

solution of unknown concentration. Over 70 percen t  of 

the sheep became acutely l ame and many were affected in 

more than one foot with pyogenic infections involving 

the distal interphalangeal joint. Fu..6 o ba.ae.!Uwn rr.e..cAophohwn , 

C. p yoge.rr.cu and B .  rr.odOJ.> u.6 were present in the pus from the 

distal interphal angeal joint of affected sheep. The 

suggested pathogenesis was that primary damage to the 

interdigital skin resul ted from the misuse of formal in, 

and that this permitted the entry of the pathogenic 

organisms responsibl e for the purulent and necr otic 

l esions in the distal interphal angeal joint. The 

con dition was termed corono-pedal abscessation by 

Hooper and Jones (1972) but their description is simil ar 

to that of foot abscess in New Z eal and (Chapter 4). 

Other predisposing factors 

Foot abscess was observed more often in ewes cl ose to 

l ambing than in dry sheep (Roberts e.t a.f . , 1968) and in 

l ambing ewes the infection was l argely confined to th8 

hind feet. Roberts e.t a.f .  (1968) postul ated that this 

might be due to vascul ar stasis in the interdigital 

area assisting the deeper invasion by the strict anaerobe 

F. rr.e.cAophoJw.m . It was suggested that the vascul ar stasis 

coul d arise from interferance to the blood supply to the 

hind feet, brought about either by the devel oping foetus 

pressing on the posterior vascul ar trunks,or as the 

resul t of the increased weight on the hind feet in l ate 

pregnancy. 

TREATMENT 

There have been no reports of control l ed trial s to assess the 

relative value of different treatments for foot abscess. Most 

recommendations have been based therefore on first principles 

of therapy and have consisted of such things as drainage of 
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a bsce sse s, cle a nsing the a f fec ted  area with d isin fec t ant  and 

dressing the f oot, (Murnane , 1 9 3 3 ; Gre g ory, 1 9 3 9 ) . 

Williamson ( 1 9 5 3 )  trie d a numbe r of dif ferent trea tme nts f or 

f oot absce ss. He obtaine d the most success with a combination 

of sulphame zathine g iven syste mica lly and draining and 

dre ssing the absce sse d digit. The sa lve use d consiste d of 

copper sulphate 1 part; cod live r oil 4 parts; g lyce rine 

3 parts a nd ce ra emu lsi fic ans 1 0  percen t . 

Both of the ba cte ria conside re d to be the main pathog ens in 

f oot abscess, na me ly F .  ne.cJwphonwn andC .  pyoge.ne.J.J , show -i.n 

v�o se nsitivity to pe nicillin (Buxton and Fra se r, 1 9 7 7 ;  

Simon, 1 9 7 7 ) . Ege rton a nd Graham ( 1 9 6 9 )  howeve r f ound tha t 

a mixture of penicillin and stre ptomycin did not a cce lerate 

hea ling in a se rie s of f oot absce ss ca se s  treate d  by the m. 

Treatment of f oot abscess remains large ly e mpirica l. 

PROGNOS I S  

M urnane ( 1 9 3 3 )  and Gre g ory ( 1 9 3 9 )  recog nise d the importance 

of initiating the rapy ea rly i n  ca se s of foot absce ss, be f ore 

the occurre nce of pe rmane nt da mage and def ormity to 

ligame nts a nd tendons within the dig it. Roberts eX at. ( 1 9 6 8 ) 

and Egerton and Graha m  ( 1 9 6 9 )  also f ound establishe d case s of 

f oot absce ss dif f icult to treat. The y f ound that providing 

complete draina ge was impossible without f urthe r dama ging 

the a f f e cte d digit, and that hea ling was incomple te a nd slow, 

of te n  taking up to three months. 

PREVENTION 

I t  was re cog nise d by Gre g ory ( 1 9 3 9 ) that beca use of the 

sporadic nature of f oot absce ss, · and the dif ficulty in 

pre dicting an outbreak, preventive measure s would be 

dif ficult to a pply. He sug g e ste d attention should be paid to 

routine f oot trimming a nd the f oot ba thing of she e p  in 
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antiseptic solutions d uring times of high rainfall. Egerton 

and Graham ( 19 6 9 )  recommended the weekly foot bathing of all 

sheep in 5 percent  formalin d uring per iod s of high risk such 

as the period before lambing. 

The other preventive measure used has been vaccination of 

sheep with F .  n.e.cJtophoJtum vaccines. Attempts to immunise 

animals against infection by F .  n.e.cJtophonwn have been 

d isappointing (Simon and Stovell, 1 9 6 9 ) . Although circulating 

serum antibodies are d etectable after immunisati on with 

various vaccines, the protection afforded against infection 

is meagre (Roberts, 1 9 7 0 ;  Alexander et al . , 1 9 7 3 ;  Warn er 

Fales and Teresa, 1 9 7 4 ;  Gacia et a..t. , 1 9 7 4 ) . Immunisation 

is further complicated by the lack of information regard ing 

an t i gens necessary for protection and whether or not these 

are associated with the main exotoxins and endotoxins 

possessed by F .  n.e.cJtophoJtum (Roberts, 1 9 7 0 ; Garcia 

Alexand er and McKay, 1 9 7 5 ;  Garcia, Charlton and McKay, 1 9 7 5 ) . 

Cameron and Fuls ( 1 9 7 7 )  using a combined bacterin failed to 

immunise rabbits against a mixed infection of F .  n.e.cJtopho!tum 

and C. pyoge.n.u . They conclud ed that although it was 

possible to induce a low level of immunity by conventional 

immunisation methods, it was d oubtful if effective vaccines 

could be produced. 

Assessment of the effectiveness of vaccines in preventing the 

occurrence of foot abscess is hampered by both the 

unpredictability of outbreaks of foot abscess (Gregory 1 9 3 9 ) , 

and the problems of experimental reproduction of foot 

abscess. 
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INTRODUCTION 

Unfor tuna t e l y , l i t t l e  i s  known abou t the impor tance o f  ov�ne 

foo t ab s ces s in New Zeal and , i t s  e ffec t  on produ c t ion or  how 

i t  int e r feres with farming prac t i ce . The only repo r t  

ava i l ab l e  w a s  a l imi ted  po s ta l  survey conduc ted  by C lark 

( 196 6 ) , wh i ch ln part d ea l t  wi th foo t ab s ce s s , and was s en t  

to  36 members o f  the Malvern Farmers  Ve ter inary C lub . 

There fo r e  i t  was cons i dered ne c e s s ary to condu c t  a New 

Zeal and survey on a wid e r  s c ale  to  help  eva lua te  the 

s i gn i f i c ance o f  foot ab s ce s s , by determining the occurrence 

and s everity  o f  the prob lem and by  record ing wha t  measur e s  

were  adopted for  treatmen t ,  and the ir  apparent e f fec t ivene s s . 

The survey was conduc ted  through the New Z e a l and Romney Sheep 

Breede r s  As s o c i a t ion for  two reasons . F ir s t ly , the 

As s o c i a t ion h a s  an e f f i c i en t  organ i s a t ion and the Romney 

breed i s  numer i c a l ly the l ar ge s t  in New Z e a l and , compri s ing 

70 percent of  the nat iona l f lock . Second l y , i t  was 

cons i dered that s tud breede r s  wou l d  have b e t ter  s to ck records  

than c ommerc ia l farmer s ,  and  p o s s ib ly be  more concerned about  

d i s e a s e  and there fore more l ike l y  t o  respond t o  a pos ta l. 

survey . 

Po s t a l  surveys can be c r i t i c i z e d , becau s e  t o  be  o f  m\I Ch 

va lue they require a h i gh r e s ponse rate and in add i t ion 

they r e ly on the opinions and a t t i tude s o f  the r e sponden t s . 

Fur th e rmore the respondent s  as  a group may be b ia s ed in 

favour o f  peo p l e  who h ave r e cent ly exper ienced  a prob lem 

wi th the d i s e a s e  under survey . Desp i te the s e  shor t c oming s , 

u s e fu l  informat ion can b e  ob tained , bu t every e f fo r t  shoul d  

b e  made t o  ensure a h i gh r espon s e  rate and care  mus t  be 

exer c i s ed in interpre t a t ion of the resul t s . 

In  o r der  to  encourage a s  many rep l ie s  a s  po s s ib l e , the format 

o f  the survey was kep t s imp le  and l imi ted  t o  one page 

( F i g . 2 . 1 ) . F armers  were  invi ted  to  submi t thei r  per sonal 

c omment s  about aspe c t s  o f  foot ab s c e s s , in add i t i on to 

answer ing s pe c i fi c  que s t ion s . 



METHODS 

Dur ing the winter o f  197 4 ,  a que s t ionnaire wa s pos ted  to  

each o f  the  883  members  o f  the  New Z e a l and Romney Sheep 

Breeder s A s s o c i a t ion : inc luded was a s tamped and 
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addre s s e d  enve l op e  for the reply . B e c ause o f  the pos s ib l e  

con fu s i on that c ou l d  ar i s e  i n  a sking farmers t o  d i s t ingu i sh 

foo t ab s c e s s  from o ther foo t cond i t ions , a de s c r i p t i on o f  

foo t ab s c e s s  toge ther wi th a pho tograph o f  an a f fec ted foo t ,  

were inc luded  wi th the que s t ionna ire (Fig . 2 . 1 ) . 

The rep l i e s  to the que s t ionnaire  were  analysed in grou p s  

acc ord ing t o  the s ix ' ve ter inary regions ' serviced  by the 

Min i s try o f  Agr i cu l ture and F i she r i e s  (F ig . 2 . 2) . 

Becau s e  o f  the marked d i f ference in inc idence o f  foo t 

abs ce s s  w i th c l a s s  o f  sheep , the  var i ab l e  comp o s i t i on o f  

the f l ocks  s urveyed and the apparen t l y  l ow inc idence  o f  

foo t ab s c e s s  wi thin f l ocks , i t  was cons idered mi s l ead ing 

to compare  p rop e r ty inc idenc e s . Ins tead , the number o f  

sheep ob s erved w i th foo t ab s c e s s  o n  each proper ty was 

recorded . 

S t a t i s t i c a l  ana lys i s  

The d i s tr ibu t ion and frequenc i e s  o f  ob serva t ions repor ted , 

were s ub j e c t ed t o  analy s i s  u s ing the chi-squared t e s t .  In 

every c a s e , Ya te s ' correc t i on f a c t o r  was app l ied and 

expe c t e d  va lue s were a lways greater  than f ive . The 

probab i l i ty o f  d i f ference s o ccurr ing by chance  ( P ) , were 

read o f f  t ab l e s  for  chi - s quared , u s ing the approp r i a t e  

degre e s  o f  freedom . 



FIGURE 2 . 1  

F O OT A B S C E S S  S U RV E Y 

D.M.  West, B.V.Sc. 
Lecturer 

Department of Veterinary C l in ical Sciences 

M assey U n i ve rs i ty 

P a l m ersto n  N o rt h  

25 . 



This survey is conducted i n  conjunct ion w i th studies t owards a Ph.D.  degree at Massey Univers i t y .  
T h e  a im of the surv�y is t o  ascertai n  the i nc idence of Foot Abscess in  sheep i n  New Zealand a n d  
c o l l e c t  s o m e  data o n  predisposing causes a nd t h e  outcome o f  the i n fect ion .  

Foot  Abscess must be dist inguished from Foot  Rot .  With  Foot  Abscess there i s  heat , pa in  a n d  
swel l ing of one digit of t h e  foot and the abscess discharges either between t h e  digi t s  or a t  t h e  coro net . 
The horney layers of t h e  hoof are not a ffected .  P lease fi l l  in the form a n d  ret urn it in the e nc losed 
envelo pe.  If y ou do not h ave any foot abscess please answer ( none) for questi o n  2 and return also,  
as this  informat ion is usefu l .  

1 .  What I S  the t otal number  of sheep o n  y o u r  far m ?  

2 .  What I S  t h e  average number that become a ffected with foot abscess i n  a n y  o n e  year? 

3. What 1s  the greatest nu mber that h ave become a ffected with foot abscess in a n y  
o n e  year ? 

4 .  Wha t class of sh eep i s  more commonly affected ? 

Dry ewes 

Ewes in lamb 

Rams 

Ewe h oggets  

Ra m h oggets  

5 .  What  pre d isposing causes do y ou assoc iate with  foot abscess ? 

none 

heavy sheep 

flushes  of feed 

col d  e nviro n me n tal tem peratures 

ex cessively wet c onditions 

when the sheep are on crops 

any other fac tors - name them 

6 .  At wh at t ime of the year  do the  majority of the cases of foot abscess occur ? 

7 .  How d o  y ou t reat foot abscess ? 

8 .  Aft e r  treat me n t ,  how l on g  d o  they t a k e  t o  recove r ?  

9 .  W h a t  percentage don't  recover a n d  a r e  permanent ly  l am e ?  

1 0 . Have y o u  ever used t h e  foot abscess vacc i n e ?  

] 1 .  Do y o u  fi n d  it  effect ive ? 

Your  assistance  with  this  survey wou l d  b e  grea t fu l ly a p p reciated and you w i l l  b e  i n formed o f  the 
resu l t s  when t h e v  are col lated.  I t  would also h e  of assi s t a n c: t>  i f  f::� rmPr� wi th in  c:; n  milP�  nf 



FI GURE 2 . 2  

' veterinary regions/ o f  the New Zealand Mini s t ry of 
Agr i cu l ture and F isheries 
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RESULTS 

D istr ibution o f  repl i es 

Of  the 883 farmers who rece ived the quest ionna ire , 3 5 1  

(40 percen t )  r e p l ied . The propor t ion o f  farmers who rep l i ed 

from each are a  was the same exc e p t  for  areas 5 and 6 .  More 

rep l ies were r e c e ived from are a  5 and l ess from area 6 than 

woul d  have been expe c ted from the number  of  farmers surveyed 

1n these areas . However ,  there was no repor ted d i f fe rence 

i n  the preva l ence  or  seve r i ty o f  foo t abscess b e tween areas 

5 and 6 and h a d  they been ana lysed toge ther as one 

geograph i c a l  area  ( the Sou th Isl and ) , the propor t ion o f  

respondents wou l d  have been the same as for areas 1 t o  4 

inc lusive . 

Occurrence 

Foot  abscess o c curre d in 270 ( 7 7  percen t )  of the 3 5 1  stud 

breeders '  f l o c ks .  The inc idence o f  foot  abscess wi thin 

f l o cks however was l ow (Tab l e  2 . 1 ) ,  a l though no proper ty  

incidences were  analyzed for  the  reasons given under  

me thods . On l y  two percen t  o f  farmers reported having more  

than 5 0  sheep a f fec ted  annual l y . The p rob lem was d istr ibuted  

fairly  evenly  throughou t New Z e a l and . 

TABLE 2 . 1  

The percentage o f  respondents repo r t ing foo t abscess c ases 
\ . 

M . A . F .  ve ter 1nary 
region/ 

1 

2 

3 

4 

5 

6 

TOTAL 

Percen t a ge o f  rep l i es ,  grouped 
ac cord ing to  annual number of  c ases 

N i l  1 -20 > 20 

40 50 1 0  

3 2 . 58 1 0  

2 1  66  1 3  

2 8  6 7  5 

1 1  7 0  1 9  

2 2  66 1 2  

2 3  66 1 1  
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C las s o f  Sheep Af fec t ed 

Foot  ab s c e s s  was reported  much more c ommonly in rams , ram 

hogge t s  and in-lamb ewe s , than in o ther c las s e s  o f  sheep 

( Tab l e  2 . 1 1 ) . 

TABLE 2 . 11  

The o f  

Clas s o f  sheep Percentage o f  total repl i e s  

Rams 34 
In-lamb eHe s 30 
Ram hogge t s  30 
Dry ewe s 3 

Ewe hogge t s  2 

Any c las s o f  sheep 1 

TOTAL 1 00 

Seasonal Occurrence 

Farmer s  c ons idered that foo t ab s ce s s  o c curred throughou t the 

year bu t there was a l ower p reval ence during summer (Tab l e  

2 . 1 1 1 ) . The d i f ference i n  preval ence be tween seasons was 

high l y  s igni fican t . ( p . < 0 . 00 1 ) . 

TABLE 2 . 1 1 1  

The seasonal o c currence o f  foo t ab s c e s s  

Season 

Summer 

Autumn 

Winter  

Spring 

TOTAL 

P ercen tage o f  to tal 
repl�e s  

9 
3 6  

24 

3 1  

1 0 0  
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Pred isposing Factors 

Farmers assoc iated the o c currence o f  foot absc ess with a 

numbe r  o f  predisposing factors� in parti cu l ar , f lushes o f  

fee d , excessively wet c ond itions , heavy sheep , and graz ing 

sheep  on crops (Tab l e  2 . IV) . In add ition some farmers made 

suggestions of other factors that cou l d  pred ispose to foot 

absc ess . These inc luded ; sheep on a r ising p l ane o f  

nutr ition b e fore mating i n  autumn , yard ing sheep i n  muddy 

yards ,  ewes heavy in l amb , in assoc i ation with ' scald ' ,  

and as a seque l to forma l in foot bathing (Tab l e  2 . IV) . 

TABLE 2 . IV 

Factors consi dered by respondents to pred ispose to 
foot absc ess 

P r e d isposing factor Percentage of tota l rep l i es 

F lushes o f  feed 2 6  

Excessive ly  wet c ond itions 25  

Heavy sheep 1 7  

When sheep  are on c rops 1 0  

Co ld environmenta l temperatures 2 

None 1 0  

Add itional factors suggested as 
important by farme rs ; 

Sheep on a rising p l ane o f  
nutr ition be fore mating 

Yarding sheep in muddy yards 

Asso c i ated with ' sc al d ' 

Ewes heavy in l amb 

As a seque l to forma l in foot 
bath ing 

TOTAL 

5 

2 

1 

1 

1 

1 00 



Trea tment 

Seventy-e i gh t  percent of farme r s  rep lying to the 

que s t i onna ire  treated foo t ab s c e s s  c a s e s  wi th inj e c tab l e  

an t ib i o t i c s  (mainly penic i l l in ) , e i ther alone , or  in 

c omb inat ion w i th local  treatmen t s  such as  drainage , 

i r r igation or  pou l t i c ing (Tab l e  2 . V) . 

TABLE 2 . V  

Trea tment  o f  foo t ab s c e s s  c a s e s  

Treatmen t  Percentage o f  t o t a l  
rep l i e s  

Inj ec tab l e  an t ib io t i c s  
(mainly penic i l l in )  5 4  

Loc a l  treatment s  to  the foo t 6 

Combined inj e c tab l e  an t ib i o t i c s  
and l o c a l  treatmen t s  24  

Did no t a t temp t treatment  1 6  

TOTAL 1 00 

30 . 



3 1 . 

Prognos i s  

Mos t  in fec t ions appeared to requ ire an extended p e r i o d  t o  

hea l and a number d i d  n o t  r ecover comp l etely , l eav ing the 

foo t mi s shapen (Tab le  2 . VI ) . 

For 1 5  percent o f  the res ponden t s , the progno s � s  s eemed to 

depend on the t ime of ins t i tu t ing trea tment in r e l a t ion to  

the d i s e a s e  proc e s s . I f  treatment was ins t i tuted  early , 

the recovery time was sho r t er and the chances o f  c omp l ete  

rec overy w i thou t d e formi ty greater , than i f  trea tmen t 

wa s ins t i tuted  when foo t ab s c e s s wa s we l l  es t ab l i shed . 

TABLE 2 .  VI  

Prognos i s  o f  foo t ab s c e s s  c a s e s  

Recovery period Percen tage o f  total  rep l ie s  

1 - 6  days  9 

1-6  days  i f  t reated e a r l y  1 5  

weeks 35 

mon th s 38  

never r ec over 3 

TOTAL l OO 

S a t i s fac tory recovery 
N i l  1 9  

0- 2 5  p ercent 2 5  
2 6- 7 5  percen t 1 4  
7 6- 1 00 percent 7 
mos t ,  bu t foot  mis shapen 13  

Do no t know 2 2  

TOTAL lOO  
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The u s e  o f  Fu� o b � c tek ium n eck oph o k u m  vac c 1ne 

Onl y  a th ird o f  the farme r s  tha t repor ted  h aving c a s e s  o f  

foo t abs c e s s  in the ir  f l ocks , made u s e  o f  F .  neck o p h o k u m  

vac c 1ne . Of  the s e  farmers , 50 percent  con s idered the 

vac c ine to be e i ther no t e f fec t ive , or  on l y  par t ia l l y  

e f fe c t ive (Tab l e  2 . VI I ) . 

TABLE 2 . V I I  

The e f fec t ivene s s  o f  Fu� o b � c tek ium  neck o p h o k u m  vac c 1ne 

"E f fe c t ivene s s  

E f fec t ive 

Par t i a l l y  e f fec t ive 

Not  e f fec t ive 

Do no t know 

TOTAL 

Percen tage of  responden t s  
us ing the vac c ine 

42  

3 3  

1 7  

8 

100 
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DISCUS S ION 

The data  from thi s p o s t a l  survey mu s t  be interpre ted  wi th 

c au t i on but never the l e s s  i t  is con s idered to be a va l i d  

ind i ca tor o f  nat iona l s ta t i s t ic s  for the fol l owing reasons . 

a )  For ty percent  o f  tho s e  surveyed rep l ied , a good 

r es pons e  rate for surveys o f  th i s  k ind and one 

whi ch c ompares more than favourab ly wi th a s imilar  

type of  survey (Cooper , 1 9 6 7 ) , in  which only 1 6  

percent  rep l ied . 

b )  The r e s ponden ts were d i s tr ibu ted fairly  evenly , 

r e l a t ive to the popu l a t ion surveyed . 

c )  The cho ice o f  pedigree farmer s ,  a l though l imi t ing 

the survey to a sma l l  popu l a t ion of farme r s , had 

the advan tage o f  mor e  ac cura te answers and a more 

even represen t a t ion of rams c ompared to  ewe s than 

i f  c ommerc ial  sheep farms had been surveye d . 

d )  The resu l t s  o f  the survey are s imi lar  to the 

authors persona l ob s erva t i ons on a var i e t y  o f  

sheep farms in the l ower Nor th I s l and , and t o  

veter inary opinion c ommun ica ted from o ther  areas 

o f  New Zealand . 

Al though foo t ab s c e s s  o c curred in more  than three-quarters  

of  the r e s ponden t s ' f locks , the  number  of  a f fec ted sheep 

w i thin a f lock was l ow .  Thus , foo t ab s c e s s  o c curred 

s porad i c a l ly in mo s t  f locks  and thi s  is c omparab l e  w i th 

obs ervat ions made in Au s tr a l ian commerc ial  f l ocks  (Gregory , 

1 9 3 9 ; Be l s chner , 1 9 39 ; Rober t s  et a£ . , 1 9 6 8 ) . Be l s chner 

( 1 9 3 9 )  cons idered an annua l inc i denc e o f  foo t ab s c e s s  o f  

1 0  percent  t o  be h i gh and Rober t s  et a£ . ( 1 9 6 8 )  ob s erved 

a preva l ence  of foo t ab s ce s s  ranging from 4 to  7 perc ent 

in four f l ocks of ewes dur ing an ou tbreak o f  l amene s s . In 

New Zealand Clark ( 1 9 6 6 )  reported  from a pos ta l  survey o f  

3 6  farms i n  the Ma lvern and Oxford c oun t ie s  tha t foo t 
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ab sce s s  o c curred on 1 9  ( 5 2 . 7 percen t )  proper t i e s  and where 

present , the inc i dence ranged f rom 0 . 0 1 percen t t o  2 0  

percent wi th a n  average o f  1 . 7 1 percent . 

Wi thin Aus t ra l i a , foo t abs c e s s  was mo s t  commonl y  s een 

a f fe c t ing adul t sheep par t i cu l ar l y  l amb ing ewe s ( Rober t s  

e t  a� . ,  1 9 68 )  and some t ime s rams ( Thomas , 1 9 6 2 ) . In the 

survey o f  ped igree f locks rep o r t e d  here , rams , r am hogge t s , 

and in- l amb ewe s were the c l as s o f  sheep mo st c ommonly 

a f fec ted wi th foo t  ab s ce s s . In  New Zealand sheep f l ocks 

the propor t ion of adu l t  ewes  to adu l t  rams i s  abou t 50  to 

1 (New Z e a l and Mea t  and Woo l  Boards Economic Servi c e , 1 9 7 9 ) . 

Th is  ra t io woul d  be s l igh t ly l owe r in s tud f l o ck s , bu t wou l d  

seldom be below 3 0  ewes  to  a ran1 . When one c ons iders  th i s  

big  d i s par i ty in numbers o f  ewe s  to  ran1s and the r e l a t ive 

frequency wi th wh ich foot  ab s c e s s  wa s no t iced in rams and 

ewes , i t  is apparen t  tha t  the a t tack  rate  of foo t  ab s c e s s  

1 s  mucL h igher  for rams than for ewe s . Th i s  d i f ference  

1n  a t t ack ra te  f avouring the  r ams i s  a l s o  evi dent if  the 

percen tage o f  res ponden t s  no t i c ing foo t abs c e s s  in ram 

hogge t s  ( 30 percen t )  i s  c ompared wi th res pondent s  no t i c ing 

foo t ab s c e s s  in ewe hogge t s  ( 2  percen t ) . Approxima t e ly 

equal  number s  o f  ram and ewe hogge t s  are reta ined on s tud 

farms and a l though grazed  s ep ara t e ly , the two groups  are 

managed s imi l ar l y . No exp l ana t ion for the d i f ference in 

a t tack ra te b e tween rams and ewe s c ould  be sugge s ted from 

rep l i e s  in the survey . A p o s s i b l e  exp lana t ion i s  advanced 

in  Cha p ter  5 of  th is  the s i s . 

Pre d i s po s ing fac tors  such a s  exc e s s ive ly we t under foo t 

cond i t ions (Gregory , 1 93 9 ; Rob e r t s  e t  a� . ,  1 9 6 8 ) , muddy 

yards  (Egerton and Graham , 1 9 69 ) , heavy sheep on good 

pas ture (Ege r t on and Graham , 1 9 69 ) , or  graz ing sheep on 

crops  ( Gardner , 1 9 6 1 ) , have a l l  been cons idered to  have a 
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pro found e f fe c t on the prevalence o f  foo t abs c e s s ,  and th i s  i s  

substanti ated i n  th i s  survey . C o l d  env ironmen t a l  

t empera ture wa s no t cons idered a par t i cu l ar ly important  

p r e d i s po s ing c au s e  by New Zealand farmer s  and in add i t ion , 

the winter preval ence o f  foot  ab s c e s s  was not ob s erved to  

b e  h i gher than tha t dur ing au tumn and spring . Thi s  is  a t  

var i ance wi th the sugge s t ion by P a r s onson et a l .  ( 1 9 6 7 )  and 

Rob e r t s  e t  a l . ( 1 96 8 )  tha t t i s sue  damage due to  c o l d  

t emperatures m i gh t  c ontr ibu t e  to  the inva s ion o f  the int er­

d i g i t a l  skin b y  F .  neCAophOJtu.m organi sms and thus pred i s po s e  

t o  foo t ab s c e s s . The h i gher preva lence  o f  foo t  ab s c e s s  

dur ing winter , ob s erved by the Au s tr a l ian worker s  may have 

b e en in f luen c e d  more by the predominan t ly win ter  rain fa l l  o f  

the d i s tric t under ob s erva t ion , ra ther  than the c o l d e r  

t emperature . S imilar ly the reduced  preva lence o f  foo t 

ab s c e s s  dur ing the summe r ob served by  New Zea l and sheep 

far�er s ,  may be  c aused  by the dry cond i t ions ra ther than 

the higher t empera ture . 

Murnane ( 1 9 3 3 )  and Gregory ( 1 9 3 9 )  r ecogn i s ed the impor tanc e 

o f  ini t i a t ing therapy for foot  ab s c e s s  early in the d i s e � s e  

proce s s , i f  h e a l ing wi thout permanen t de formi ty was t o  t ake 

p lace . Th i s  was a l s o  apprec i a ted  by  sheep farmer s  r e p l y ing 

t o  thi s  survey .  Desp i t e  the poor p rogno s i s , treatment was  

usua l l y  a t temp te d . The inj e c t ab l e  ant ib io t i c  mo s t  o f ten 

u s e d  was peni c i l l in wh i ch is  ava i l ab l e  to farmer s  from a 

number o f  re t a i l  ou t l e t s  and i s  frequen t l y  u s ed by farmer s  

t o  trea t or  h e l p  preven t a var i e ty o f  o ther bac t e r i a l  

in fec t ions . The two organi sms c ons idered t o  be  the ma in 

pa thogens �n foo t ab s c es s ; name ly F.  neCAophOJtu.m and 

C. pyogenu , show .<.n v.<.tJc.o s ens i t iv i t y  to peni c i l l in ( Bux ton 

and Fras er , 1 9 7 7 ; S imon, 1 9 7 7 ) ,  s o  there i s  s ound r a t i ona l e  

for the use  o f  peni c i l l in ,  even though i t s  e f fec t ivene s s  has  

no t been fu l l y  evalua ted . 

Loc a l  trea tmen t o f  the affec ted  foo t , such as  draining and 

irr iga t ing ab s c e s s e s  us ing ant i s e p t i c  s o l u t ions and b andag ing 

the foo t wer e - re c ommended as  l ong ago as  1 93 3 ,  by Murnane , 

and the s e  proc e du re s  are  s t i l l  c ommonly u s ed by New Z e a l and 



sheep farmers today . 

Al though var iou s F .  n.e.c.JwphoJtu.m vac c �ne s  h ave b een used  

e xper imen tally (Rob er t s , 1 9 7 0 ;  Al exander  e.t at . , 1 9 7 3 ; 
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Garc i a  e. t  at . , 1 9 7 4 ) , and even marke ted c ommerc ia l ly , wor th­

wh i l e  prote c t ion a gains t in fec t ion has not  been demons tra t ed . 

I t  was no t surpr i s ing there fore to receive repor t s  that the 

vacc ine has only l imi ted u s e  in New Z e a l and fl ocks and many 

f armers  were d i s s a t i s fied  w i th , or unsure o f , i t s  e f fec t ivene s s . 

Evalua t i on o f  f i e l d  u s e  o f  vac c ines  i s  d i f ficul t ,  e s pe c ia l ly 

i f  the d i s ease  c onc erned o c curs s porad i c a l ly , and i t  � s  

c ons i dered s ign i f i c an t  tha t a s  many as  1 7  percent o f  vacc ine 

u sers c ons idered the vac c ine to  be ine f fe c tive . 

F oo t  ab s ce s s  may b e  c la s sed  a s  a ' nu i s an c e-va lue ' d i s ea s e  

and a s  such , o f ten r e c e iv es far l e s s  a t tent ion than i s  

warran ted . I f  the c o l l ec ted l o s s e s  aris ing from such a 

d i s ea s e  could be c o s ted , they wou l d  amoun t to  a sub s tan t i a l  

s um .  For  ins tance r ams wh i ch become a f fe c ted w i th foo t 

ab s c e s s  c l ose  to  the ma t ing per iod may b e  rendered unf i t  for  

fur ther u se in  tha t s e a s on becau s e  of  the pro l onged recovery 

t ime . In s tud f l ocks  in part icu l ar , th i s  cau s e s  d i s rup t ion 

o f  the breeding programme . In add i t ion , ewes a f fec ted wi th 

foo t ab s c e s s  c l o s e  to l amb ing frequen t ly deve l op pregnancy 

t oxaemi a as  an ind i r e c t  cons equenc e of the s evere l amene s s , 

and th i s  fur ther inc rea s e s  the produc t ion lo s s e s . Ram 

hogge t s  in s tud f l ocks , a l s o  appear to  b e  a t  r i sk from out­

breaks  o f  foot  ab s c e s s . Thus , a l though the inc idence and 

preva l ence of foo t ab s c e s s  usua l ly appe ar s to be l ow ,  i t  i s  

neve r the l e s s  a s i gn i f i c an t  d i s ea s e  becau s e  o f  the unexpec ted 

nature of  ou tbreaks at  c r i t i c a l  t imes in the farming 

c a l endar , and the d i f f i c u l t ies she ep farmers  face  wi th 

tre a tmen t and preven t i on . 
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CONCLUS IONS 

( 1 )  Foo t ab s c e s s  occurs  s porad i c a l ly in mos t  sheep f locks  

and it  i s  con s idered  impor tant by  farmer s becau s e  o f  

the unexpec ted  nature o f  ou tbreaks at· c r i t ic a l  t ime s 

1n the farming c a l endar , and the uns a t i s fac tory nature 

o f  treatmen t and preven t ion . 

( 2 )  The a t tack r a t e  o f  foo t ab s c e s s  1 s  h i gher for rams than 

for ewe s . 

( 3 )  Foo t abs c e s s  occurs  throughou t the year bu t 1 s  l e s s  

preva l en t  dur ing s ummer .  

( 4 )  Pred i s pos ing factors  such a s  we t muddy under foot  

cond i t ions  and h eavy we l l  fed sheep  have a pos i t ive 

e f fec t on the preva l enc e of foo t ab s c e s s . 

( 5 )  Cold  environmen t a l  temperatures are not c on s idered 

to be  impor tan t 1n the pred i s pos i t ion to foo t ab s c e s s 

1n New Zealand . 

( 6 )  Treatment o f  foo t ab s c e s s  i s  large ly emp i r i c a l  and to  

be e f fe c t ive has  to be  init iated  early in  the  d i s ea s e  

proce s s . The pro gno s 1 s  f o r  c omp l e te recovery 1 s  poor . 

( 7)  Al though F .  ne.CJtophOJtum vacc ine 1 s  u s ed on s ome New 

Z e a l and farms , i t  has  not  been ent ire ly s a t i s fac tory . 
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INTRODUCTION 

From a fu l l  c l inical  and radiograph i c  exami nation o f  natura l ly 

o c curr ing c a s e s  o f  foo t  ab s ce s s , d e s c ribed in Chap ter  4 o f  

th i s  the s i s , i t  wa s no ted that  the d i s ta l· interpha l angeal  

j o int was invar i ab ly involved in the d i s ease proc e s s  and 

appeared to be the centre  o f  i n fec t ion . Thi s  ana tomi c a l  

s tudy wa s under taken t o  d e termine the mo s t  l ikely  rou t e s  o f  

infec t ion into the d i s ta l  inter pha l angeal j o in t  from super­

f ic ia l  infe c t ions  such as  ov�ne interd igi tal derma t i t i s . 

Much o f  the l i tera ture on the ana tomy o f  the d i s ta l  inter­

pha langeal  j o int  has  been devo ted to c a t t l e  ( S i s s on and 

Gros sman , 1 9 66 ; Nickel , S chumrner and S e i fer l e , 1 9 68 ; 

Greenough e.t a.£. , 1 9 7 2 ) . Barone ( 1 9 6 8 )  and May ( 1 9 7 0 )  have 

made c ommen t s  on the sheep , bu t the s e  descr ip t ions are 

e i ther l argely c omparat ive o r  have omi s s ions . I t  wa s 

there fore  nec e s s ary to  make o r i gina l ob s ervat ions on the 

exten t  and l igamen tou s a t t a chment s  o f  the capsule  o f  the 

d i s ta l  i n terpha l angea l j o in t  o f  the sheep . 

MATERIALS AND METHODS 

D i s s e c t i on o f  major s truc tura l componen ts  of  the  d i s t a l  
�nterphalangeal J O �n t . 

The fee t o f  t en , c l inica l ly norma l , mixed aged Romney ewe s 

were d i s s e c ted to  reveal the s truc ture o f  the d i s ta l  inter­

phal ange a l  j o in t . Par t ic u l ar a t ten t i on was p a id to  the 

pos i t ion  o f  the j o int  cap s u l e  r e l a t ive to  the interd i g i ta l  

integument  and corone t , and the exa c t s i ting o f  maj or 

l igament s  and tendon ins e r t ion s . 
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ue contra s t  

To del ineate  the ou t l ine o f  the d i s ta l  interphalange a l  j o int ,  

meglumine l o tha l ama tJ wa s inj e c t e d  in to the j o int  o f  1 0  sheep 

and the fee t radiogr aphed , u s ing a portable  Wa t s on-Vic tor  

type 60  X-ray gene r a tor wi th expo sure fac tors o f  5 5  k i l ovo l t s 

and 30 mi l l i amp s for 0 . 1 o f  a s e c ond . The sheep were f i r s t  

ana e s the t i s ed wi th p entobarb i tone sodiu� , be fore a 2 5  gauge 

2 . 5 cm need l e  was inserted  into e i ther the dor s a l  or  vo lar  

pouch of  the  j o int cap sule . Joint  f l u id was wi thdrawn to  

confirm the need l e  pos i t ion . Be tween 0 . 5  and 0 . 7 5 ml o f  

contras t med i um cou l d  be eas i ly inj e c ted into the j o in t  

space , but  greater volume s resul t ed in a bu i ld-up o f  

pres sure , p reven t ing fur ther  inj e c t ion . 

To as s i s t  w i th interpretat ion o f  the X-ray p l a te s , the o ther 

d i g i t  of the foot  had  been ampu t a ted a t  a leve l above the 

proxi�a l int e rphal angea l  j o int a few days previou s ly . 

D i s se c t ion f o l l owing the injec t i on o f  l atex into the d i s ta l  
1nterphalangeal J0 1nt . 

Us ing a s imi l ar . technique t o  tha t d e s c r ibed above , l a t e; 
to  wh ich a few drop s o f  meglumine l o thalama te  had been added 

was inj e c t e d  into the d i s ta l  interph a l angeal j o in t  of  a l l  

the d ig i t s  o f  an anae s the t i s ed Romney ewe . The f e e t  were 

radiographed  a f ter inj e c t i on t o  con f i rm need l e  p o s i t ioning 

and the sheep was then des troyed . The l ower legs  were 

removed and s tored at 4°C for s even days dur ing wh ich t ime 

i t  was ant i c ipated  tha t the l a t ex shou l d  s o l idi fy . The 

feet  were then d i s s ec ted in the s t andard manner .  

1 
2 
3 

Conray 2801 May and Baker , Engl and 

Nembu tal , Abb o t t  Laborato r i e s , S ydney , Au s tr a l i a  

La tex . Ba tav ian Rubber Co L td . , Feather s ton , New 
Z e a l and . 
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OBSERVATIONS 

There were  no s i gn i f i can t d i f ferences  in lhe s truc ture of  the 

d i s ta l  interpha langea l j o int  be tween the fore and h ind fee t . 

The med i a l  and lateral  d i g i t s  o f  e ach foot  d i f fered on l y  by 

be ing mirror image s . 

B ones  

The d i s t a l  in t erpha l angeal j o in t  of  each di g i t  wa s formed 

by the ar t i cu l a t ion o f  three bone s ; the dis t a l  pha l anx , the 

middle  pha l anx and the d i s t a l  s e s amoi d  (Fig . 3 . 4 ) . 

Joint c aps u l e  

The j o in t capsu l e  extended prox ima l ly above the l eve l o f  the 

c oronary border of the hoo f in two p l aces , forming the 

d o r s a l  and volar p ouches ( F i g . 3 . l a ,  b and c ;  and F i g . 3 . 2 a ,  

b and c ) . Le s s  p ro t e c t ion was a f f orded by the hoo f on the 

axia l a s p e c t of the d i g i t  as the axia l hoo f wa l l  i s  

approxima t e l y  ha l f  the h e i gh t  o f  the abaxial  hoo f wa l l .  

Ligamen t s  

The l ig aments  o f  the d i s t a l  in terph a l angea l j o in t  cou ld  te  

cons idered  in  three  group s ; 

1 .  the vo l ar o r  s e s amo idean 

2 .  the dorsal  

3 .  the c o l la te r a l  

1 .  The volar or  s e s amo i dean l igament s  

The volar o r  s e s amo idean l ig ament s  j o ined the d i s ta l  

s e s amo id bone t o  the o ther phal ange s . 

The r e  were prox ima l and d i s t a l  s esamoi de an l igamen t s . 
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Proxima l ly there wa s a c o l l a t er a l  l igament a t taching the 

abaxial a s pe c t of the d i s t a l  end of the prox ima l pha lanx 

to the s e s amo id bone , and an impar l igament a t taching the 

middle  phalanx t o  the sesamo i d  bone ( F ig . 3 . 4  and F i g . 

3 . 5 ) .  No axial  proximal c o l l a teral  l i gamen t was obs erved , 

wh ich i s  contrary to the s ta temen t o f  Barone ( 1 9 6 8 )  \vho 

descr ibed i t  as  yel l ow and e l a s t i c . 

D i s ta l ly there were three sho r t  l i gaments J 0 1n 1ng the 

sesamo i d  bone to the dis tal  pha l anx ; axia l  and abax i a l  

c o l l a teral  l i gamen t s  and a n  impar l igament ( F i g . 3 . 4 and 

Fig . 3 . 5 ) . 

Al s o  present  was the in terd i g i ta l  l igament bridging the 

d i s t a l  s e s amo ids  of the two d i gi t s , which a l s o  contained 

some fibres  der ived from the mid d l e  phalange s .  Th i s  may 

a c t  func t i onal ly as a cont inu a t ion o f  each p roxima l 

c o l l a t e r a l  s e s amo idean l i gament ( F i g . 3 . 5 ) . 

2 .  The dor s a l  l igamen t 

The shee t - l ike dorsal  l igamen t l ay over the dor s a l  pouch 

of the j o int  capsule  and from i t s a t tachmen t proxim2 l ly 

on the middle  pha l anx i t  fanned d i s tally  to  a t tach to  

the d i s ta l  pha l anx (F i g . 3 . 6 ) .  The dor s a l  l i gamen t  was 

more prominent  and thicker , on the axial  a s pec t .  

3 .  The c o l l a teral  l igamen t s  

The c o l l ateral  l igamen t s  j o ined the dis tal  pha l anx to  the 

o ther  two phal ange s . The c o l l a teral  l i gament s  con s i s ted 

o f  c onL�on and proper part s .  

The c ommon c o l l a tera l l igamen t s  were located  axia l ly and 

abaxia l l y .  They l inked the proximal and d i s ta l  pha l ange s 

( F i g . 3 . 3  and F ig . 3 . 6 ) and were  there fore common to  bo th 

the proxima l and di s ta l  int�rpha l ange a l  j o int s . Th e axi a l  

c ommon co l l a teral  l igamen t was much wider ( 5mm) than the 

abaxia l conunon c o l l a teral  l igament ( 2mm) . 
# 

The proper c o l la teral l igament s  were a l s o  l o c a ted  axia l ly 

and abaxi a l ly but  l inked the middle  and d i s t a l  pha l anges 

(Fi g .  3 . 6 ) .  
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FIGURE 3 . l a 

The d i g i t o f  a Rornney ewe , rad iographed 

imme d i a t e ly fo l l owing the inj e c t ion of 0 . 7 5 ml 

of me glumine l o th a l ama te  in to  the dorsal  pouch 

of the d i s ta l  in t erph a l angeal  j o in t . 

D - dor s a l  pouch 

V - vo lar  pouch 
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FIGURE 3 . lb and c 

The d i g i t  o f  a Romney ewe , radiographed immed ia t e l y  

fo l lowing the inj e c t ion o f  0 . 5  m l  o f  meglumine 

l o thalama t e  into b /  the vo lar  pouch and c /  the 

dorsal  pouch of the d i s tal  interpha l angeal  j o in t . 

b /  

c /  

D - d or s a l  pouch 

V - v o lar pouch 

The b roken l ine ind i c a t e s  the appropr i a t e  

l ev e l  o f  the ax ial  coronary b order . 

D - dor s a l  pouch 

V - volar  pouch 

The broken l ine ind i c a t e s  the approximate 

l eve l o f  the abaxial  c oronary border . 
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FIGURE 3 . 2a ,  b and c 

The serial  d i s s ec t ion o f  the axia l  a spec t  of  a 

sheeps  d i gi t , f o l lowing the inj e c t ion o f  l a t ex 

i n t o  the d i s t a l  in t erpha langeal  j o in t . 

a /  D - d o r s a l  pouch o f  the d i s t a l  interphalangea l 
j o int  

E - e xtens or t endon 

F - f lexor tendon 

G - g o r s a l  l igament 

L - a.x i a l  common col lateral  l i gament 

b /  V - volar  pouch o f  the d i s t a l  interpha l angeal 

c /  

j o in t . Th e broken l ine ind i c a t e s  the 
approxima te leve l o f  the axi a l  coronary 
borde r . 

H - axi a l  c o l l a tera l l igament o f  the 
proxima l interpha l angea l j oint . 

L - axia l c ommon c o l l a te r a l  l igamen t 
( r e f lec ted ) . 

M - ax i a l  proper c o l l a t era l l igament 

P - proxima l interpha lange a l  j o in t . 
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F IGURE 3 . 3 

D i s s e c t ion o f  the axial  aspe c t  of  the l e f t  fore 

la teral  d i g i t  of a Romney ewe . 

E - e xtens or tendon 

F - f lexor tendon 

L - a x i a l  c ommon col l a t eral  l i gamen t of  
the d i s ta l  interpha l angea l j o int 

H - axia l c o l l a teral  l i gament o f  the 
proxima l interph a l ange a l  j o int 

I - i nterd igi tal  l i gament ( transe c ted) . 





F I GURE 3 .  4 ------

S E�AMO I D EAN L I GAMENTS OF T H E  D I S TAL 

INTERPHALANGEAL JOI NT OF 

SHEEP ( a bax i a l  aspe c t )  

C o l l a t e ra l proxima l se s am o i d e a n  l i game n t  

D i s t a l  s e s amo idean l i game n t s  

P r oxima l phalanx 

M i d d le p h a l anx 

D i s ta l  s e s<>mo id 

D i s t a l  pha lanx 

4 7 . 
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FIGURE 3 .  5 

S ESAHO I D EAN LIGA!-!EN T S  OF THE 

D I STAL INT ERP!!ALAI'lGEAL J O I NT OF SH EEP 

( v o l a r  a s p e c t )  

Co l l a < e c a l} 
P r o x ima l s e samo i d e a n  

11\tttt-\-- I rnp a r 

l i gaments 

I n t e r d i g i t a l  l i game n t  



Mi d d l e  

D i s t a l  

F IGURE 3 . 6  

DORSAL AND COLLATERAL L I GAMENTS OF THE 

D I STAL INT ERPHALANGEAL J O I N T  OF SH EEP 

( ax i a l a s pe c t )  

pha lanx Common 

' " ''mo ; d  � D o r s a l  

P ro p e r  

D i s t a l  p h a l anx 

49 . 

c o l l a t e ra l  l i gamen t 

l i game n t  

c o l l a t e ra l  l i game n t  
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D ISCUSS ION 

I t  was ev ident tha t the d i s t a l  in terpha lange a l  j o int was 

mos t  vu lnerab l e  to  infe c t ion or  t rauma on the axial  or 

interd i g i t a l  aspec t ,  where the j o int  capsule  pro truded above 

the coronary border as  the dor s a l  and vo lar pouches . At 

the s e  two s i tes , the j o int  capsule  was pro tec ted onl y  by the 

interd i g i t a l  skin l ayer and a min ima l amoun t o f  sub c u taneous 

t i s sue . I t  is  cons idered tha t th is  is the mo s t  l ike l y  rou te  

of  infe c t i on in  c a s e s  of  foo t  ab s ces s . 

The ana t omy o f  the d i s t a l  in terphalangeal j o i n t  o f  sheep 

d i f fered from tha t of c a t t l e p r inc ipa l l y in the s t ruc ture  

preven t ing s p l ay ing o f  the  d i g i t s . In c a t t l e  there are 

c ruc iate  l i gamen t s  wh i ch l ink the s e c ond pha l anx of one 

d i g i t  wi th the dis t a l  s e s amo id  o f  the o ther d i g i t  

(Greenough e t  at . ,  1 9 7 2 )  thus l im i t ing the s eparat ion o f  the 

d i g i t s . In sheep , th i s  fun c t ion is  per formed by the 

r e l a t ive l y  weak interd i g i ta l  l igamen t , wh ich  i t  is sugge s ted  

a c t s  func t iona l ly as a cont inu a t ion of  each proxima l 

c o l la tera l s e s amo idean l i gamen t ( F i g .  3 . 5 ) . 

Ano ther impor tan t  s truc ture tha t  preven t s  s p l aying o f  the 

d ig i t s  in b o th sheep and c a t t l e is the axi a l  c omnon 

c o l l a tera l l i gamen t . Thi s  l i gament was th i cker than the 

abaxi a l  c o l l a tera l l igamen t , pre sumab ly becau s e  for c e s  

abduc t ing the j o in t  a r e  grea ter . I n  s ome c a s e s  o f  foo t  

abs c e s s  there i s  marked abduc t ion and even luxa t ion o f  the 

d i s t a l  pha l anx caused by rupture of the ax i a l  c o l l a t er a l  

l igamen t s  and the interd i g i t a l  l i gamen t (Chap t er 4) . 

P ermanent ins tab i l i ty o f  the j o in t  then ensue s . 
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CONCLUS IONS 

1 .  The d i s ta l  interphal angea l  j o in t  of sheep is mo s t  

vu lnerab le  to  in fe c t ion o r  trauma on the axia l , or 

in t e r d i g i t a l , a s pe c t  whe r e  the j o int  cap s u l e  

pro trudes  above the coronary border as  the dor s a l  and 

vo lar pouche s .  I t  i s  cons idered  tha t  th i s  i s  the 

mo s t  l ike ly rou te  o f  infe c t ion in c a s e s  of foo t ab s c e s s . 

2 .  In  sheep the interd i g i t a l  l i gament and each proxima l 

c o l la tera l s e s amo idean l i gament help  l imi t separat ion 

o f  the two d i g i t s ; a r o l e  per formed in c a t t le by the 

c ruc i a t e  l i gament s .  

3 .  The ax i a l  c ommon c o l l a t e ra l  l igament i s  thi cker than 

the abax i a l  l i gament , p r e s umab ly b ecau s e  forc e s  

abduc t ing the dis tal  interpha l angeal j o in t  are 

grea ter  than tho s e  addu c t ing i t . 
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INTRODUC'I' ION 

I t  was neces s ary i n i ti a l l y  to s tudy natur a l l y  occur r i ng c a s e s  

o f  ov ine foot ab s c e s s ,  to d e fine the fe atur e s  of the d i s e a s e  

i n  New Z ea land , t o  fo l low the deve lopment o f  i n f e c ted c a s e s , 

to obse rve the e f f e c t s  of treatment and to e s tabl i s h  whe ther 

or no t the N ew Z ea l and d i s e a s e  was identical to the 

cond i t ions repor te d  over s e as . 

Mu ch o f  the ear l i er confu s ion about suppurative cond i tions 

o f  the ovine foot had been removed by the Au s tra l i an wor k e r s  

( Rob e r t s  �t a£ . , 1 9 6 8 )  who d i f f e renti ated betwe en l ame l l ar 

s uppuration ( toe ab s c e s s ) and foot absce s s . Th i s  h e lped to 

de f i ne the more common foot ab s c e s s  but their d e s cr i ption 

d i f fered from pr evious obs ervations in t hat they cons idered 

the bulbar s o f t  ti s s ue of the foot was the centre o f  the 

i n f e c tion and they made no ment ion o f  the infect i on invo lving 

the d i s ta l  interpha lang eal j o int . However , j o int i nvolvement 

had b e en obs erved b y  previous Aus tr a l ian workers ( Munane , 

1 9 3 3 ;  Gr egory , 1 9 3 9 ;  Bever i dg e , 1 9 4 1 ) . Furthermore , 

Rob e r t s  � t a..f. . ( 1 9 6 8 )  cons idered foot ab sc e s s  to be a 

necroti s i ng ,  rath e r  than a suppurative i nf e c t ion and for 

the s e r e a s ons sugg e s te d  the term ' I n f e c t ive Bulbar Necr o s i s ' .  

Thi s  s tudy o f  natur a l l y  occurring c a s e s  was und e r taken to 

d e fi ne ovine foot absc e s s  i n  New Z e a l and and to e s tab l i s h  

wheth e r  o r  not the New Z ea l and cas e s  d i f fered from the 

d e s c r i p t i on given b y  Rober t s  �t a. .f.. ( 1 9 6 8 ) . 
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METHOD S 

S h e e p  f arme r s  s ervi c e d  by the Ma s s ey Univer s i ty Veter inary 

C l i n i c  were asked to r e f e r  suspe c ted c a s e s  of foot abs c e s s  

t o  t h e  c l i n i c . Many o f  the s e  f arme r s  had ram-breeding f lo ck s . 

B e tw e e n  June 1 9 7 4  and June 1 9 7 8 ,  lame s heep were admi tted 

to t h e  Mas s e y  Univer s i ty V e ter inary Ho s p i ta l whe r e  they 

were e x amined in deta i l and records made of the deve lopment 

of the l e s ion . I n  parti cu l ar , note was tak e n  of the d e g r e e  

o f  lamene s s , swe l l ing a n d  d i g i ta l  di s p l acemen t , a n d  the 

pre s en c e  o f  a ny s inu s tr a c t s  and the type o f  mater i a l  

d i s c h arging from them . 

I n  add i tion , approximat e l y 1 2 0  indivi d u a l  c a s e s  o f  foot 

a b s c e s s  were obs erved on a numbe r  of farm s  i n  the region , 

bu t for various reason s the a f f e c ted sheep could not be 

r e turned to Ma s s ey Unive r s i ty for de tai l ed e xam inati on . An 

analy s i s  of the s e  c a s e s h a s  not been inc lud e d  in thi s s tudy . 

P hotogr aphy 

Co lour , and b l ack and wh i t e  pho tographs of the a f f ec ted f e e t  

we r e  taken regularly , u s i ng a 3 5rr@ camera . I n  mos t  c a s e s  2 

views o f  the foot were required ; 

d i s ta l  v i ew . 

Rad i o logy 

an anter ior v i ew and a 

The a f f e c ted f eet were radiographed at approximately wee k ly 

in terva l s  u s i ng a por tab l e  Wat s on-Vi c tor type 6 0  X - ray 

generator w i th exposure f a c tors o f  55 k i lovo l t s  and 3 0  

mi l l i amps for 0 . 1  of a s econd . Two v i ews o f  the a f f e cted 

foot we r e  taken ; an ante r ior and an o b l i que ( F ig . 4 . 1 ) . 

Both o f  the s e  v i ews were con s i s te n t ly take n  from the 

ante r i o r -po s te r i or d i r e c t i o n  and a l l  radiographs pre s ented 

i n  th i s  the s i s  conform to conventional radio log i c a l  

pre s e n tation ; that i s , they a r e  p r e s e nted a s  i f  t h e  anima l 

i s  f a c i ng the v i ewer . T h e r e fore , i f  the l e f t  fore foot i s  



radiographed , the lateral d i g i t  wi l l  alway s b e  on the 

viewers r ight and the med i a l  d i g i t  on the v i ewe r s  l e f t . 

s s . 

The late r a l  vi ew was con s idered unsati s fac tory b e c a u s e  the 

image of the one una f f e c t e d  d i g i t  l ay ove r the other d i g i t . 

Bacte r i o logy 

Swabs o f  di s char g e  from s i nus e s  at e i ther the corone t  or 

the i nterd i g ital s pace were cul tured aerob i c a l l y  and 

anaerob i c a l ly on f ive percent s heep b lood agar p l a te s . 

Treatment 

The lame she ep , re ferred to the Ve ter inary H o s p i t a l  r emained 

the property o f  the c l ient and there fore it was impr a c t i c a l  

to conduc t a con tro l l ed treatment trial . I n  addi t i o n , the 

s heep were not a l l  at th e same s tage in the d i s ea s e  proce s s  

when they were admitted to t h e  Hospital . For the s e  rea sons , 

treatment based on f i r s t  princ i p l e s  was ins ti tuted when 

c ons idered nece s s ary . I n  i n s tanc e s  whe r e  pus had a c cumu lated 

i n  the a f f e c ted d i g i t , th i s  was expr e s sed and s i nus tracts 

irrigated w i th ch lorhex i d ine 1 anti s epti c . The foot was then 

bandaged in an endeavour to prevent further c ontamination 

and to r edu c e  the sp laying of th e a f f ected d i g i t . A 

mixture o f  peni ci l l in and s trep tomy c i n 2 
at d o s e  r a t e s  

ranging from SO  t o  70  mg/kg o f  e ach , was admini s te red by 

the subcutaneou s route in the neck reg ion . Th i s  was g iven 

d a i ly for a s  long as the acute swe l l ing and pain r emained . 

Stati s t i c s  

The d i s tr i but ion and frequenc i e s  o f  observations , were 

subj e c te d  to ana ly s i s  u s ing the c h i - squared t e s t . I n  every 

case Yate s ' corr e c tion f a c tor was app l i ed and expected values 

were a lway s greater than f ive . The probab i l i ty o f  d i f f erenc e s  

occuring by chan c e  ( P )  , wer e r e ad o f f  tab l e s  for c h i - squared , 

us ing the appropri ate degre e s  o f  f r e edom . 

l H i b i tane I . C . I .  Ta sman , bpp e r  Hut t , New Z e a l and 
2 S trep topen , G laxo , P a lmer s to n  Nor th , New Z e a land . 
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F I GU RE 4 . l a and b 

The two p o s i t i on s  o f  the foot and the 
direc t i on o f  the X-ray beam duri ng 
rad i o l ogy . 

a )  Anterior 

b )  Ob l i que 
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OBS E RVAT I ONS 

Ove r  the f our year per iod , 5 3  s heep w i th f oo t  abs c e s s  

having 5 7  a f fe c ted digi ts , were adm i t ted t o  t h e  Veteri nary 

H o s p i t a l  for detai led examination . 

H i s t ory 

I n  most c a s e s  there was no h i s tory of previo u s  l amene s s  and 

f o o t  abs c e s s  had a l r e ady deve l oped by the t ime the cond i tion 

w a s  f i r s t  obs erved by the own e r . In  22  c a s e s , other sheep 

i n  the f lo c k  were concur rent l y  a f f e c ted wi th ovi ne inter­

d i gi ta l  dermat i t i s  and in 7 i n s tance s ov i ne i n t erdig i t a l  

d e rmati ti s h a d  been o b s e r ved to b e  a f f e c ting t h e  f o o t  a 

f ew days be fore the deve l opment o f  foot ab s ce s s  ( Chapter 5 ) . 

I n  two s h e e p , l ame l lar suppuration had preceded foot 

abs ce s s . In one o f  the s e  ( F i g . 4 . 2  a and b)  the owne r  had 

cut i n to t he abax i a l  w a l l  o f  the a f f e c ted d i g i t  in an 

a t t empt to drain the impri s oned pus in the l ame l lar region . 

I n  s o  doi ng , he had damaged the 3 rd pha lanx and probably 

a id ed the i n f e c tion r ea c hi ng the d i s ta l  i nterph a l angeal 

j oi n t . 

I n  the other i n s tance o f  l ame l l a r  suppuration preceding 

foo t absce s s , the wa l l  o f  the foot had b e e n  c on s e rvative ly 

pared at the t ime that l ame l la r  s uppuration was f i r s t  

d i ag no s ed . F our day s  l ater the d i g i t  was extremely swo l l e n  

( F i g . 4 . 3  a a nd b )  and t h e  d i s ta l  i nterpha lang e a l  j oint 

i n f e c te d  ( F i g . 4 . 3 c ) . I n  t h i s  c a s e  the mos t  l ik e ly route 

of i nf e c tion i nto the d i s t a l  i n terphal angeal j oi n t  was from 

the i n �e ct i on i n  the l ame l lar region tracki ng upwards . 
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F I GURE 4 . 2  a and b 

The l e f t  fore foot o f  a P erend a l e  r am which 
had d eve loped foot ab s c e s s i n  the l atera l  
d i g i t , pre sumabl y  a s  a consequence o f  over ­
paring o f  t h e  hoo f by the owner .  

a )  The d e f e c t  i n  the abaxia l  wa l l  ( arrowed )  
i s  c le a r l y  v i s ib l e . 

G - granu l a t i on t i s sue 

T - s in u s  tracts 

b) Rad i ograph of the foot 

E - ero s io n  of bone 

W - widening o f  the j oi n t  space 

P - �ro l i feration o f  bone 

The bone whi ch h ad pro l i f e r a ted adj ac e nt to 
the d i s t a l  pha lanx at the point of the 
o r i g i n a l  par i ng , eventua l ly became 
d etatched a nd was r emoved via the d e f e c t  
i n  t h e  abax i a l  wal l .  
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F IGURE 4 . 3  a ,  b and c 

The l e f t  f or e  f o o t  o f  a P erenda l e  r am w i th foot 
abs ce s s  o f  the l a te r a l  dig i t . S even day s  
previous ly , pu s h ad b e e n  obs e rved imp r i s oned in 
the l amel l ar r e g ion o f  the toe . 

a )  

b )  

c )  

S - s o f t- t i s s ue swe l l ing 

D - d i s charge 

S - swo l l e n , but intact interd i g i t a l  
s k i n . 

Radiograph o f  the f o o t  

S - s of t - t i s sue swe l l ing 

A - Abaxi a l  d i spla c ement of the d i s ta l  
phal anx and d i s ta l  s e s amoid . 





6 0 . 

S e a sona l Oc curren c e  

S he ep w i t h  f oot abs ce s s  were adm i tted t o  t he Veter i nary 

Hospita l throughout the year ( Ta b le 4 . 1 ) but s igni f i cant l y  

f ewer s he ep were adm i t ted dur i ng t h e  s ummer months ( P < . O l ) . 

TABLE 4 .  I 

The numbe r o f  sheep with foo t ab s c e s s admi tted to the 
Veterinary Ho spi tal dur ing the y ear s 1 9 7 4  to 1 9 7 8 , 
a c cord i ng to s e a s on . 

S e a s on Number of Sheep 

Summer 4 

Autumn 1 8  

Win ter 1 6  

S pr i ng 1 5  

Tota l  5 3  

Bre ed 

Greater numbers o f  Perend a l e  s h e ep than other b r e e d s  were 

a f f e cted with foot abs c e s s  ( Tab l e  4 . I I ) . However a numbe r  of 

Perend al e  breede r s  were c lo s e ly a s s o c i ated with the 

U n iver s i ty a nd 2 9  of the 35 P e r e nda l e  sheep were f rom the 

U niver s i ty - owned P e r enda l e  s tud f lock . There fore i t  i s  

con s idered that the propo r t i o n  o f  P e re nda les a f f e c ted w a s  

a r e f l e c ti o n  o f  the ava i l ab i l i ty o f  t h i s  breed t o  t h e  

i nvestigato r . 

TABLE 4 . I I 

The breed and age o f  sheep wi th foot abs c e s s  admitted to the 
Veterinary Hospi ta l 

Age o f  s he ep 

Breed 0 - 1  l - 2 
--

Perend a l e  2 2  6 
Romney 4 3 
Cheviot 3 ' l  � 

S u f f o l k  
Coopwo r th 1 
Drysda l e  1 

Tot a l  3 1  l l  

( ye ar s )  

2 - 3  3 - 4  4 & o l d e r  

1 2 4 

1 
3 

1 5 5 

Total 

3 5  
7 
6 
3 
1 
1 

5 3  
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Mor e  sheep l e s s  than one year o f  age with foot abs c e s s  were 

s tud i ed c ompared to o ther age grou p s  ( Table 4 . I I ) . Howeve r  

many o f  the f locks f r om whi c h  s he e p  were re ferred , were 

r am-breeding f l ocks wh ich contai n  about 20  young rams for 

every mature ram pr es ent ( Marti n ,  C . A .  pers . cornrn . ) .  

There fore the greater numbe r  o f  young r ams s tudi e s  i s  

attributed t o  the age d i s tr i bu t i o n  o f  r ams i n  stud f l o ck s . 

S ex 

F i f ty o f  the 5 3  r e f e r red sheep were rams . 

D i str ibut ion o f  the a f f e c ted d i g i t  

More h ind f e e t  than f ore f e e t  w e r e  a f f e c ted w i th f o o t  

abs c e s s  ( Tab l e  4 . I I I ) ; thi s d i f f er e n c e  being s ta t i s t i ca l ly 

s ign i f icant . ( P < . 0 5 )  . 

I f  the fore foot was a f f e c ted , the r e  was a s igni f i cantly 

g reater chance that the l a t e r a l  dig i t  wou ld be the one 

a f f e cted . ( P < . O l ) . The r e  was no s ta t i s t i ca l ly s i g n i f i cant 

d i f f er ence in the d i s tribu t i o n  o f  f oot absce s s  b e tween the 

med i a l  or l a te r a l  c law of the hind foot ( Tab le 4 . I I I ) . 

TABLE 4 . I I I  

The d i s tribution of the digi t a f f e c ted w i th foot abs c e s s  
among s t  shee2 adm1 tted to the Veter i nary HosEi t a l  

l e f t  r ight Sub tot a l  l e f t  r i ght Sub total 
fore fore fore f e e t  h i nd hind h i nd f e e t  

Later a l  1 3  5 1 8  1 1  2 1 3  

Med i a l  3 0 3 1 4  9 2 3  

Tota l  forefeet 2 1  Tota l hind f e e t  3 6  
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De s c r iption 

The sheep with foot abs c e s s were at d i f f erent s tages in the 

d ev e lopment o f  i n f e c t i on at the t ime that they were f i r s t  

exami ned , and the per iod that they had been af f ec ted was 

gene r a l ly not known . Because the s ta r t i ng point of  e a c h  

c a s e i s  unknown i t  i s  unrea l i s t i c  to c ompare t h e  progr e s s  o f  

the c a s e s  o n  a t ime s c a l e . S im i l ar changes were observed i n  

al l c a s e s  however , and thi s s im i l a r i ty mak e s  i t  po s s ib l e  t o  

d e s c r ibe a s eque nce o f  even t s  common t o  c a s e s  of  foot ab s ce s s . 

The 5 3  sheep that were pre sented w i th foot abs ce s s  were � 1 1  

ext r emely lam e , and pref erred to carry the a f f e cted foot . 

Thr e e  s heep wer e a f fe cted i n  mor e  than one foot and thi s  

r e s u l t ed i n  pro lo nged periods o f  recumbency . A further 

sheep was a f f e cted in both d i g i t s  of one foot . D e s p i t e  the 

s evere pain and the s omet ime s suppurat i ve nature o f  the 

i n f e c t ion , the r e c t a l  temperature , heart r ate and r e s p i r a to ry 

rate were no t abnorma l ly e l eva ted . 

In the early s tage s  there wa s marked o edamatous swe l l in g  and 

i n f l ammat ion of the i nterdig i t a l  space , d i s p l a c i ng the 

af f e c ted dig i t  abax i a l l y  ( Fi g . 4 . 4  and F i g . 4 . 6 ) . I n  p l a c e s  

the i nterdig i t a l  s k i n  w a s  necrotic and b loody necrot i c  

materi a l  and/or p u s  could b e  expre s s ed from the s e  areas . 

They formed mos t  frequent ly on t he s i te o f  the interdi g i t a l  

space furthe s t  f rom the a f fected d i g i t  ( Fig . 4 . 4  and F i g . 4 . 5 ) . 

I n  l at er s tage s  the di s charge became more puru lent i n  n ature 

and c onta ined l e s s  necro t i c t i s s ue . The d i s charge o f  pu s 

was even tu a l ly b locked by the formation o f  granulation 

t i s s u e  s o  th at it  a ccumu lated i n  the j oint cav i ty . Thi s 

pre s sure was transmitted to the s k i n  above the abax i a l  

coro n e t  which b e c ame p a i n fu l , i n f l amed and swo l l e n  ( F i g . 4 . 4 

and F i g . 4 . 5 ) . S inus trac t s  formed along the abax i a l  

coronary border r e g i o n  at s i t e s . wher e  t h e  j oint i s  r e l a t iv e l y  

super f ic i a l . There w a s  d i r e c t  con t i nu i ty betwee n  the 

coronary s i nu s  trac t s , the d i s t a l  i n t e rpha langea l  j oi n t , and 

the i n terd i g i ta l  space . 
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I n  2 0  o f  the 5 7  a f f e c ted d i g i t s , exaggerated movemen t  o f  

the d igi t was po s s i b le , whi ch indi cated that the necrot i s ing 

j oi n t  i n f e c tion had r uptu r ed the axi a l  c o l latera l  ligamen t s  

and the i n t e rd i g i t a l  l i g ament , r e s u l t i n g  i n  luxation o f  the 

d i s t a l  phal anx and the d i s ta l  s e s amo id bone . The hea l i ng 

proc e s s  i n  the s e  c a s e s  was i n s u f f i c i e n t  to prevent abax i a l  

d i s p l acement o f  the d i s ta l  pha l anx whe n  pre s s u r e  was 

a pp l i ed dur i ng locomo t i o n . I n  c a s e s  whe r e  the axi a l  

c o l l atera l  l i gaments and the interd i g i t a l  l ig amen t  r ema i ned 

i n tac t ,  ther e  wa s better a l ignment of the d i s ta l  pha lanx 

w i t h  the o ther pha l anges and a l though s ome permanent 

thi ckening and de form i ty r ema ined f rom the j o i nt i n fe c t ion , 

the d ig i t  c ou l d  fun c ti on norma l ly w i thout becoming d i s p l ac ed 

abax i al ly . 

A s  the condi tion progr e s s ed i nto the h e a l ing s tage s , the 

p a i n  and swe l l i ng regre s s ed and the s i nu s  tract s  s topped 

d i s c h�rg i ng and hea le d  over . In s ome c a s e s  the g ranu lation 

t i s s u e  i n  the interdi g i t a l  space was exce s s ive and was 

r emoved s u rg i c a l ly . ( F i g . 4 . 8  and F i g . 4 . 9  a and b ) . 

Progno s i s  

W i thin 8 weeks o f  the sheep b e i ng admi tted f o r  examination , 

r eg ardl e s s  o f  whe ther or no t treatment had b e e n  admi n i s tered , 

they had a l l  progre s s ed to a s tage at which ther e  was no 

a c t i ve i n f ec t i on in the d ig i t ,  s i nu s  tracts had healed and 

e x cept for s ome permanent f ibrous thickening , the swe l l i ng 

had s ubside d . All o f  the s heep were s light l y  l ame however 

a nd d ig i ta l d i s p lacement wa s evident in the 20 sheep whi ch 

apparently had permanent d amage to the j oint l ig ament s .  

Radiography 

Rad iography of the a f f ec te d  foot r evea l ed tha t  the re was 

evidence of in fection in the d i s ta l  i nterphalangeal j oi n t  

i n  a l l  c a se s , even w h e n  f i r s t  admi tted to t h e  Veterinary 

H o s p i ta l . The ear l i e s t  s ig n s  seen were peri - ar t i cular s o f t  

t i s s u e  swe l l i ng , d i s te n s i o n  o f  the j oi n t  cap su l e  and 
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wide n i ng of  the j o int space ( F i g . 4 . 1 0 and F i g . 4 . 1 1 ) . 

Wi t h i n  a few day s the ar t i c u l a r  car t i l age wa s d e s troyed , 

expo s ing the s ub chond r a l  bone to i n fection . T h i s  showed 

on X - ray p l a t e s  as a poo r l y  d e f ined zone ( fu z z i ne s s ) o f  

the s ub c hond r a l  bone ( F i g . 4 . 1 3 ) . New bone pro l i fe rated 

ad j ac e n t  to t h e  perios teum , par ti cular ly of  the midd l e  

pha l anx and eventua l l y  covered much o f  t h i s  bon e  ( F i g . 4 . 1 0 ;  

F i g . 4 . 1 1 ;  F ig . 4 . 1 2 and F i g . 4 . 1 3 ) . I n  the i n stances 

wher e the axi a l  co l la t e r a l  ligaments and the i n terdig i t a l  

li g ament had a l l  ruptured , the d i s ta l  pha lanx a nd the 

di s t a l  s e samoid were l uxated ( F ig . 4 . 7  and 4 . 1 0 ) . 

Osteomy e l i ti s , particu l ar l y  o f  the d i s ta l  e nd o f  the m idd l e  

pha l anx created further widen i ng o f  the j o i n t  space which 

bec ame f i l l ed with debr i s  and exudate . In add i ti on to the 

pro l i feration of bone adj acent to the perios teum , 

c a l c i f i cation a l so deve loped i n  the periart i c u l ar t i s su e . 

( Fig .  4 .  1 3 ) . 

Rad i ographic c hanges were not a lway s conf ined to the d i s t a l  

i n te rpha langeal j oint o f  t h e  a f f e c ted digi t .  I n  the more 

s ev e r e  c ases proli ferat ion of bone occurred on the prox imal 

pha l a nx . ( F i g . 4 . 1 3 d )  or on the middle phalanx o f  the 

ad j a c e n t  d i g i t . ( Fi g . 4 . 1 2 and F i g . 4 . 1 3 ) . 

As t h e  c ondi t io n  progre s s ed i nto the heal ing s tage s  the 

so f t  t i s sue swe l l ing regre s sed a nd the out l i ne of  the new 

bone b e c ame smooth and mor e c l e a r l y  d e f i ned . ( F ig . 4 . 1 0 ;  

F i g . 4 . 1 2 a nd F i g . 4 . 1 3 ) . Due to the d i s solution o f  bone , 

par t i cu l arly o f  the midd le phal anx , the a f f e c ted d i g i t  was 

sho r ter than the adj acent non - a f f e c te d  dig i t  ( F i g . 4 . 1 2 a nd 

F i g . 4 . 1 3 ) . Anky los i s  o f  the d amaged j o int space was not 

ob s erved , even in cas e s  examined 9 months a f t e r  the 

i n f e c ti o n  had subs ided . 
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Bacteriolog:r_ 

FtWobac.tVt.<..urn YLe..CAophOJtum and C.  pyoge..11v., , e i ther alone o r  i n  

c omb ination, were i s o l ated from 4 6 o f  t h e  5 3  s h e e p  w i th foot 

abs c e s s  ( Tab l e  4 . IV ) . I so l at i on o f  micro organ i sms was  not 

attempt ed i n  5 cases becau s e  the owner had r e c e n t ly 

adm i ni s tered antibi o t i c s  both l o c a l ly and systemi c a l ly . 

TABLE 4 .  IV 

I so l ations of Ftv.,obctc.t�'t.<..um YLe..CAophoJtum and COJtyYLe..bac.tVt.<..um 
pyoge..11e..J.> f r om sheep with f oot a b s c e s s  

Bacte r i a  I so l ated Number o f  c a s e s  

F .  ne..CAophOJtum and C.  pyoge..ne..J.> 2 4  

F .  ne.. CA o phOJtum 1 2  

c .  pyoge..nv., 1 0  

Mixed organisms 2 

Not s ampled 5 

Tota l 5 3  
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F I GURE 4 . 4  a a nd b 

The right h i nd foot o f  a Perenda l e  r am a f f e c ted 
w i th foo t abs c e s s  i n  the l atera l  d i g i t .  

a )  

b) 

S - swo l l e n  i nterdi g i t a l  space 

D - puru lent d i s charge 

A - abax i a l  d i s p lacement o f  the 
a f fe c te d  dig i t . 

S - s o f t - t i s sue swe l l i ng abo v e  the 
coronet 

A - abax i a l  d i s p l ac ement of the 
a f f e c ted digit . 

S e v e n  days a f ter thi s  photograph was 
tak e n , pus d i s charged from the swo l l e n  
a r e a  above the corone t ( S ) . 
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F I GU RE 4 . 5  a and b 

The l e f t  h i nd foot o f  a Chev iot r am w i th 
f o o t  abs c e s s  o f  the latera l d ig i t . 

a )  S - swo l l e n  i nterd i g i t a l  space 

D - puru l ent d i scharge 

b )  S - swe l l ing above the corone t  

D - puru lent d i scharge 

Five days a f ter th i s  photograph 
was �aken , pus d i s c harged from 
the swo l l e n  area above the 
coronet ( S )  . 
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F I GURE 4 . 6  

The l e f t  h i nd f oot o f  a P e r enda l e  
ram w i t h  foot a b s c e s s  o f  t h e  l atera l 
d i gi t .  

A - aba x i a l  d i s p l acement o f  the d i g i t  

D - d i s charge o f  b lood and p u s  

T - s i nu s  tract 
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F I GURE 4 . 7 

The l e f t  h i nd foot of  a Perend a l e  ram 
w i th f oot absce s s  of the latera l d i g i t . 

A - abax i a l  d i s p l acement o f  
the d i s ta l  phal a nx a nd the 
d i s t a l  s e s amo i d . 

S - s o f t - t i s su e  swe ll ing 
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FIGURE 4 . 8  

The l e f t  h i nd foot o f  a P e r e nd a l e  ram , 
photographed 1 6  days after foot abs ce s s  
was f i r s t  noticed . 

G - granu l a tion t i s sue . 
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F I GURE 4 . 9  a and b 

The l e ft fore f oo t  o f  a Cheviot ram , 
photographed 1 4  day s after foot absce s s  
was f i r s t  not ice d . 

a )  D i s ta l  v i ew 

G - granul a t i o n  t i s s u e  

b )  Anterior v i ew 

G - g ranu l a t i o n  t i s sue 
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F IGURE 4 . 1 0 a ,  b a nd c 

Rad iographs of the l e f t  h i nd foot o f  a P e re nd a l e  rmn 
w i th foot abs c e s s  o f. the l ateral d i gi t . 

a ) Rad iograph o n  the day o f  admi s s io n  to the 
Veter i nary Hos p i ta l .  

S - s o f t  t i s s ue swe l l ing 

W - w i d e n i ng o f  the j oint s p a c e  

b )  Radi ograph - day 4 .  

A - abaxi a l  d i s p lacemen t  o f  the d i s ta l  
phalanx and the d i s t a l  s e s amoi d . 

E - e r o s i on o f  bone 

P - pro l i f e ration o f  bone 

S - s o f t  t i s sue swe l l ing 

c )  Radiog raph - day 4 0  

P - pro l i fe r a tion o f  bone 

By day 4 0  much o f  the s o f t  t i s s ue swe l l ing had 
subsided and there was better a l ig nmen t  of the 
p h a lange s . The bon e  that had pro l i f erated was 
we l l - d e f ined and smooth in outl in e  whi ch 
i n d i ca te d  tha� h e a l i ng had occurred . 



a 

c 

b 
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F I GU RE 4 . 1 1  

Radiograph o f  the l e f t  hind foot o f  a 
P er enda l e  r am with foot ab s c e s s  o f  the 
l a te r a l  d i gi t .  

S - s o f t- t i s su e  swe l l i ng 

P - pro l i feration o f  bone 

W - widening of the j oint space 
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F IGURE 4 . 1 2 a ,  b ,  c and d 

Radiograph s o f  the l e f t  h i nd foot o f  a P er e nd a l e  
ram w ith foo t abs c e s s  o f  the medial d i gi t . 

a )  Radiograph o n  the day o f  adm i s sion t o  the 
V e te r i na ry Hospital .  

S - s o f t - t i s sue swe l l i ng 
E - lo s s  o f  de f i n i tion and den s i ty o f  

the sub - chondral bone . 
P - pro l i feration o f  bone . 

b )  Radiograph - day 4 

P - p ro l i f er a t ion o f  bone 
E - erosion o f  bon e  

c )  Rad iogr aph - d a y  1 0  

P - pro l i fer a t ion o f  bone 
E - ero s i o n  of bone 

d )  Rad iograph - day 4 0  

P - pro li fer a t ion o f  bone 

By day 4 0  much o f  the s o f t  t i s s u e  swe l l ing h ad 
r e g re s sed and the out l in e  o f  the new bone that 
had pro l i f e r a ted was smo o th a nd we l l  d e f ined , 
w h i c h  ind i c a ted th a t  h e a l i ng had occurre d . 
The a f f ected d i g i t  rema i ned s horter than the 
ad j a c e nt d i gi t .  



a c 

d 
b 
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F I GURE 4 . 1 3 a ,  b ,  c and d 

Radiograph s of the l e ft h i nd foot o f  a Chev iot r am 
wi th foot a b s ce s s  o f  the l a tP.r a l  d i g i t . 

a )  Rad iogr aph o n  the day o f  admi s s ion to the Vet e r i nary 
Hospi t a l . 

S - s o f t  ti s sue swe l l ing 
P - pro l i f eration o f  bone 
A - abax i a l  di sp lac ement of the d i s t a l  

pha lanx and t h e  d i s tal s e s amoid . 

b )  Radiograph - day 7 

E - e r o s ion o f  bone 
P - pro l i f e r a t ion o f  bone 
D - p o i n t  of di schar g e  of pus 

c )  Radiog raph - day 1 4  

E - e r o s ion o f  bone 
W - widening of the j o in t  space 
P - pro l i f er a t i on o f  bone 

d) Radiograph - day 4 0  

P - p r o l i ferat ion o f  b o ne 

By day 4 0  muc h  o f  the s o f t  ti s s u e  swe l l ing had regre s s ed 
and the new bone that had pro l i f e r a ted was we l l  d e f i ned 
and smooth in o u t l i ne , wh ich i nd i ca ted he a l i ng . T h e  
a f f e cted d ig i t  r emai ned shorter than the adj acent d i g i t .  
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D I SCUSS ION 

The d e s c r ip t ion o f  foo t ab s c e s s  in thi s  cas e s tudy i s  

s im i l a r  t o  tha t o f  Rob e r t s  e t �� . ( 1 9 6 8 ) , but s ome imp o r t an t  

d i f fe rences  wer e  no ted . In th i s  s tudy the d i s t a l  inter­

pha l ange a l  j o int was found to b e  the centre of the 

in f e c t ion ,  no t the bulbar s o f t  t i s sue a s  d e s c r ibed  by 

Rob e r t s  e t  �l . ( 1 9 6 8 ) . Apparent ly the i r  opinion was formed 

f o l l owing the d i s s ec t ion o f  a f fec ted  f e e t  and had the fee t 

b e en rad iographed f ir s t , they may have reached a d i f fere n t  

conc l u s i on .  I t  i s  a l s o  po s s ib l e that the Au s tr a l ian foo t 

cond i t i on i s  d i f feren t  from tha t  in New Zealand , but  ear l y  

des c r i p t ions by  o thers  i n  Au s t ra l ia (Murnane , 1 9 3 3 ; Gre gory , 

1 93 9 ; Bever idge , 1 9 4 1 ) d e s cr ibed in fec t ion invad ing j o ints  

and invo lving l i gamen t s . In add i t ion , Rober t s  e t  al . ( 1 9 68 )  

men t ion the forma t ion o f  s inus tra c t s  a t  the ab ax i a l  coronary 

border region , a fea ture recorded by prev �ous Au s tral ian 

worke r s  and confirmed in th i s  s tudy . From an ana tomi cal  

v i ewp o i n t  it  is  d i f f i cu l t t o  imagine tha t  s inu s e s  such a s  

the s e  would resul t ,  i f  the in f e c t ion wa s c entred  on the 

bu lbar  s o ft t i s sue . The ana tomi c a l  s tudy ( Cha p ter 3 )  and the 

rad i ographs  o f  a f fe c t e d  fee t ,  c l ear ly  demons trate  the 

con t inu i ty be tween the d i s t a l  interphalangea l  j o int and the 

poin t s  o f  d i s charge at the corone t and the in t e rd i g i t a l  

s pa c e . There fore i t  i s  concluded tha t foo t  ab s c e s s  i s  

e s s en t i a l ly a n  infec t ion o f  the d i s ta l  interph a l angeal  j o int  

and tha t  Rober ts  et  a� . ( 1 9 68 )  were mis taken in incr imina t ing 

the bulbar s o f t  t i s sue as the c entre  o f  the in fec t ion . For 

th i s  reason the term ' Infec t ive Bu lbar Necros i s ' i s  

c on s i dered inappropr i a t e . 

Rob e r t s  et al . ( l 9 68 )  a l s o  c ons idered tha t  foo t ab s c e s s  was a 

necro t i s ing ra ther than a suppura t ive cond i t ion a s  de s cr ibed  

by Gregory ( 1 9 3 9 ) . In  th i s  case  s tudy necro t i s ing l e s ions 

were s e en mor e  commonly  in ear l ier  c a s e s  o f  foo t ab s c e s s  and 

the s e  tended to become mor e  suppura t ive wi th t ime . 
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Th i s  ob s erva t ion i s  probab ly  exp l a ined by the ra t i o  o f  

d i f ferent  b a c ter ia invo lved in the infe c t ive proce s s . 

Rober t s  e..t a..t . ( 1 9 6 8 )  no ted  tha t  F .  n.e..cA oph.oJc.wn preclomina t e d  

in ear ly mor e  nec ro t i c  l e s ions  and tha t  C .  pyoge..n.e../.> 

p redomina t e d  in l a t er more suppura t ive c a s e s . B o th 

d e s crip t i on s  are there fore cons i dered appropria t e . 

In mo s t  c a s e s  the h i s tory g iven by the owner wa s ina d e qua t e  

t o  e xp l a in h ow the cond i t ion h a d  deve l oped t o  a s tage i n  

wh i ch in f e c t i on h a d  rea ched t h e  d i s t a l  int erph a l angea l j o in t . 

Concurren t in fe c t ion wi th ovine int er d i gi tal  derma t i t i s  was 

c onunon however ,  and it is l ik e l y  tha t  in the s e  c a s e s  the 

interd i g i t a l  s pace  was the rou t e  of in fec t ion in to  the 

j o int . Rob e r t s  e.. t a.f . ( 1 9 6 8 )  made s imi lar ob s erva t ion s . 

Two ca s e s  o f  foo t ab s c e s s  Here  o b s e rved to ar i s e  from 

infec t ion �n the l ame l lar region and one o f  the s e  was 

a t iribu t e d  t o  over-vi gorou s par ing of  the wa l l  of  the hoo f 

by the owne r . 

Onc e  in f e c t i on was e s tab l i shed in  the d i s ta l  in t erpha l angea l 

j o int , a r e l a t ive ly uni form and thu s pred i c t a b l e  s er i e s  o f  

event s  t ook p l ac e  tha t  inev i t ab ly  r e s u l ted i n  s ome p e rmanen t 

damage and d e formi ty to the d i gi t . I f  rup ture o f  the axial  

c o l l a t e r a l  l igaments  oc curred , the  j o int  became uns tab l e  and 

the degree  o f  permanen t  de formi ty wa s grea ter . Treatmen t  d id 

no t appea r  to  marked ly  a f f e c t  the progr e s s o f  the l e s ion or 

the ou t c ome , onc e  in f e c t ion had  become e s tab l i shed  in the 

j o int . 

Exc e p t  for  the dorsal  and vo l ar pouches  o f  the j o in t  capsu l e  

(F i g . 3 . 1 ) ,  the d i s ta l  interph a l angea l  j o in t i s  c on t a ined  

wi thin the  hoo f and  it  wa s imp o s s ib l e  to  e f fec t ive ly dra in 

the j o i n t ( even u s ing sur g i c a l  t e chn i que s )  wi thou t fur ther 

damaging  j o in t  s truc ture s such as l igamen t s . An importan t  

c omponent o f  therapy o f  in fe c t ious  ar thr i t i s  i s  t h e  remova l 

from the j o in t , o f t en by surgi ca l  mean s , o f  necro t ic t i s sue , 

puru l en t  ma ter i a l  and fibr in depo s i t s  (Vers choo ten , De  Moor , 

S te enhau t ,  D e sme t , Wou ters  and De  Ley , 1 9 74 ) . To s i gn i fi c an t ly 
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a lter the outcome o f  i n f e ction , therapy would h ave to e i ther 

prev e n t  the i n f e c ti o n  b ecoming e s t ab l i shed i n  the j oi n t , or 

p revent the in fec t ion invo lving the axial  c o l l ate ral  l i gamen t s  

w i th the pos s ib i l i ty o f  subs equen t rup ture . In o th e r  words  

therapy wou ld have to b e  in i t i a t e d  be fore or  very s oon a f te r ,  

the in fec t ion reached the j o in t . In ins tances where  the 

r ou t e  of in fe c t i on � s  c ons idered to  be  from an ex tens ion o f  

ov�ne in terd i g i ta l  derma t i t i s , the rapy should b e  ini t ia ted  

when the  in fec t i on i s  s een to  p ene tra te t o  deeper layers  

b enea th the interd igi t a l  skin . In add i t i on ,  bandaging the 

foo t to  preven t s p laying o f  the d i gi t s  migh t  be exp e c ted  to  

reduce the chanc e s  of  the axial  c o l l a teral  li gamen t s  

rup tur ing , b y  reduc ing pre s sure o n  the l i gamen t s . 

In Au s tral ian comn1erc i a l  f l ock s , foo t ab s c e s s  wa s ob s e rved 

mo s t  o ften in l amb ing e�·Je s (Rober t s e t  a_ ,f . ,  1 9 6 8 )  wh ich  

c on t ra s t s  wi th the  sex  ratio  o f  5 0  rams to  3 ewe s  found �n 

th i s  s tudy . The res u l t s  o f  the po s ta l  survey o f  New Z e a l and 

farmer s  (Chap t e r  2) , a l s o  ind i c � ted  tha t rams were more  

s u s cep t ible  t o  foot  ab s c e s s  than ewe s . Th i s  apparen t 

d i f ference be twe en th e Aus tral ian and New Zealand ob s e rva t i ons 

i s  most l ike ly  due to  the compo s i t ion of the f locks  under  

ob s erva t ion . In  Au s t r a l ia , the  f l ocks s tudied we re 

c ommerc ial  f l o ck s  comp r i s ing very fe�v rams and a t  the t ime 

o f  year o f  th e s tudy the rams wou l d  have been grazed  

s eparately  and may no t have been exp o s ed to  the s ame 

pred i s po s ing c ond i t ions as  the ewe s . In contrast  the New 

Zea l and ob s erva t i ons  were made l arge ly  in ram-produc ing 

f l ocks , wh i ch a l though s t i l l  c on s i s t ing o f  mor e  e�ve s than 

r ams , contained enough rams to  h i gh l igh t  the d i f ferenc e in 

su s ce p t ib i l i ty a s soc i a t ed wi th s ex .  Breed o f  sheep o r  age  

wer e  not cons idered impor tant pred i s po s ing fac tors . 

The decrea s e  in the number o f  sheep  wi th foo t ab s c e s s  �n 

summer was s i gni fican t  and the propo r t i on of sheep  tha t had 

foo t  ab sce s s  in each s ea s on wa s · rema rkab ly  s imilar  t o  the 

farmer opin i on o f  s e a s ona l oc currenc e (Table 2 . I I I ) . 

Rob e r t s  et  a.-e. . ( 1 9 6 8 )  cons idered tha t mo s t  c a s e s  o f  foo t 
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ab s ce s s  occurred a f te r  heavy ra1n 1n au tumn , win ter and 

s p r 1ng , and s o  there  i s  gener a l  agreemen t tha t foot  ab s c e s s  

i s  l e s s  p reva len t  dur ing summer . 

Rober t s  e t  at . ( 1 9 6 8 )  obs erved tha t more h ind fee t were 

a f fected  than fore fee t wi th foo t ab s c e s s . Th i s  wa s a l s o  

ob s erved in th i s  s tudy , a l though the d i f ference was no t a s  

marked a s  tha t  repor te d  by Rob e r t s  e t  at . ( 1 9 6 8 ) . 

There wa s a s i gn i f ican t ly greater  chance tha t i f  a fore foo t 

wa s a f fec ted , then the af fec ted digi t wou ld  be the l a t er a l  

one . Ana tomical l y  i t  i s  d i f f i cu l t  to  exp l a in \vhy the 

l a tera l digi t of  the fore foo t shou l d  be  more sus cep t ib l e  

than the med ial  one , b u t  perhaps the rea s on i s  more  c l o s e l y  

re lated  t o  the for c e s  exerted  on the d i g i t  than to the 

s t ruc ture of the d i g i t s  thems e lve s . 

The frequent i s o l a t ion o f  F .  ne.v..ophOJtum and C. pyoge.ne.-o 

or gani sms from d i s charge from the sheep  wi th foot  ab s c e s s ,  

agrees  w i th the ob s erva t i ons  o f  Rober t s  e. t  at . ( 1 9 6 8 ) , and 

suppor t s  the ir c on ten t ion tha t  the se  two organ i sms are the 

ae t i o logica l ly impor t ant bac teria . Tha t  aspec t i s  exp l ored 

fur ther in Chap ter  6 of  the thes i s . 
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CONCLUS I ONS 

1 .  The d i s ta l interph a l angeal  j o in t  is invar iab ly  invo lved 

1n foot ab s ce s s , no t the bu lbar s o f t  t i s sue as sugge s ted 

by  Rober t s  e t  a i . ( l 9 6 8 )  and it  i s  recomnended tha t the 

t erm ' In f e c t ive Bulbar Nec ros i s ' shou ld be dropped . 

2 .  Onc e  infe c t ion become s e s t ab l i shed  in the d i s t a l  

interphal angeal j o in t , a r e l a t ive ly uni form and thu s 

predic tab l e  s e r i e s o f  even t s  takes  p l ace  tha t  

inevi tab l y  re su l t s  i n  s ome permanent damage to  the : o in t 

and de formi ty to the d i gi t . 

3 .  I f  the ax i a l  col l a teral  l igamen t s  o f  the d i s t a l  

interph a l angeal  j o int  rup ture , then the j o in t  b e come s 

uns tab l e  and the l ike l ihood o f  permanent de formi ty i s  

greater . 

4 .  Rad iology 1 s  a part icu l a r l y  u s e fu l  aid  both  for  d iagno s i s  

and prognos i s . 

5 .  Onc e  in fe c t ion has  become e s t ab l i shed in the d i s ta l  

in terph a l angeal j o in t , t r e a tmen t i s  unl ike ly  to marked ly  

a f fec t the progr e s s  of  the  l e s i on ,  or the ou tcome . 

6 .  Progno s i s  for comp l e t e  recovery from foo t ab s c e s s  i s  

poor , bu t over abou t a 2 mon th period the foo t hea l s  

s u f f ic iently  to a l low for adequate  locomo t ion .  

De formi ty may per s i s t . 

7 .  Ftu.>obac.tvz.-i..wn neCAophoJc.u.m and C .  py Jgene..)., are frequen t l y  

i s ol a t e d  from foot  ab s c e s s  l e s ion s and th i s  suppor t s  

the con t en t i on o f  Rob e r t s  e t  a£ . ( 1 9 6 8 )  tha t  the s e  two 

organ i sms are the ae t i o l og i c a l ly importan t  bac t e r i a . 
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INTRODUCT I ON 

I t  w a s  sugge s ted by the Au stra l i a n  workers Egerton , Rober t s , 

Graham a nd Par s o n s on ( 1 9 6 6 )  that foot ab s c e s s  ar i se s  mo s t  

commonly a s  a d i re c t  s equel to ovine interdig i t a l  d e rma t i ti s . 

Thi s  v i ew i s  s upported by their subs equent obs ervations 

( Roberts et al . , 1 9 6 8 )  that both foot condi tions can b e  

pres ent i n  o n e  f l o ck at the same t ime and that i n  s ev e r a l  

i n s t ance s , foo t absce s s  had b e e n  preceded b y  ovi ne inter­

d i g i tal dermat i t i s . However , proo f o f  such a s equence has 

not been con c lu s iv e ly e s tab l i s hed , nor h a s  there been a 

prev i ous inve s ti g a tion i n  N ew Z e a la nd i nto the r e la t i o n s h ip 

be tween ovine i n terdi g i t a l  derma t i t i s  and foot ab s ce s s . 

Prev ious d e s c r i pt ion s o f  interd i g i t a l  dermati t i s  i n  s he e p  

have b e e n  at v a r i ance regarding t h e  s ev e r i ty o f  t h e  cond i tion . 

Murnane ( 1 9 3 3 ) de s cribed macer a t i on , ero s ion and suppuration 

o f  thP. interd i g i tal t i s s u e  accompanied by marked l amene s s , 

whereas Par so n son et al . ( 1 9 6 7 )  i n  the i r  comprehen s ive paper , 

d e s c r i bed a m i lder cond i tion i nvolving erythema , swe l l i ng 

a nd i n  some c a s e s , ero s i on o f  the i n terdigital s ki n ;  but 

l amene s s  and s uppuration were no t characteri s t i c  f e ature s .  

For the s e  r e a s o n s  it was cons idered impor tant to und ertake 

a f ield inve s ti g ation o f  an outbreak o f  l amene s s  a s s o c i ated 

with some foot absce s s  and to make a detai led d e s c r i pt i on o f  

the f i ndi ng s . 

Thi s i nve s t i g a t i on was c onducted i n  a P erend a l e  s tu d  f lock 

i n  which lamene s s , particular l y  amo ng s t  young r ams , had been 

an a nnual pro b lem dur ing l ate autumn and early winte r . A s  

many a s  5 0  i ndiv idua l s  from t h e  f l o c k  of 3 0 0  r am hogge t s  

( 9  months o l d ) , had requ ired treatment f o r  foot ab s c e s s  i n  

previous y e a r s  a nd the manager s ought advice when once aga i n  

a propor tion o f  the r ams suddenly appeared lame on 1 2  May 

1 9 7 6 .  



F a rm P ro f i l e  

Locat ion : 

P r ope r ty s i ze : 

S o i l type : 

A l t i tude : 

Annua l rain f a l l : 

P a s tu r e  s pe c ie s : 

S tock numbe r s : 

8 3 . 

P a lrner s ton North/As hhur s t  Road , 
1 2  Ki lome tre s  from P a lmer s ton Nor th . 

4 4 0  hectar e s  divided i n to 1 2 0  h e c tar e s  
o f  flat s and 3 2 0  hectares o f  hi l l  
cou ntry 

Grey-brown e arth ( Gr aywak e )  

5 0  metr e s  r i s ing t o  4 0 0m a t  t h e  back 
of the property 

1000 mm on the f la t s  
1 7 50 nm o n  t h e  higher back country 

Predomi nant ly ryegr a s s  and white c lover 
spe ci e s . 

Sheep - 2 , 2 6 0  mixed-age Perend a l e  ewe s 
7 0 0  n i ne -month o l d  P erenda l e  

ewe s ( hogg e t s ) 

Cattle -

3 0 0  n i n e -month o ld P e rend a l e  
r ams ( hogg e t s ) 

1 5 0  Aberdeen Angus breedinq cows 

H i s tory of the P r ob lem 

A t  both f i f teen a nd n i ne days prior to the outbreak o f  

l amene s s  f i r s t  b e i ng observed , t h e  ewe and r am hog g e t s  had 

b e en yarded for d rench ing and crutching ( Tab l e  S . I ) . Dur i ng 

the s ame per iod , h e avy r a i n f a l l  had r e su l ted i n  very we t and 

muddy u nder foot cond i tions . Over the thr ee day s , 2 9 , 3 0  

Apr i l a nd 1 May , 7 6 . 4mm o f  r a i n  f e l l  ( Table S . I ) a nd further 

rain f e l l  on 6 ou t o f  the next 1 0  d ay s which preceded the 

o utbr eak of lam en e s s . 
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METHODS 

The property wa s v i s i te d  on 1 2 , 1 4 , 2 0 ,  2 4  and 3 0  May , and 

6 June . At each vi s i t  the r am hog g e t s  were mu s tered and any 

rams c ar rying the foot or s ev e r e l y  i n convenienced were 

separated for f ur ther examina tion and treatment . A tota l 

of  l O O r ams out o f  the f lo ck of 3 0 0  were s eparated and 

treated dur i ng the cour s e  of the i nve s tig ation . 

Bacte r i o logy 

Twenty s even swabs taken f rom the inter d i g i t a l  l e s ion wer e  

s ta i n ed by grams me thod and examined microscop i c a l l y . 

Cu l tu re was attempted both aerob i c a l ly and anaerob i c a l ly 

us ing f ive percent sheep b l o od agar plate s . 

Rad i o lo g y  

I n  i n s tances where foot ab s c e s s  had deve l oped , or w a s  

cons i d e r ed l ik e l y  t o  deve lop , t h e  a f f e cted f o o t  w a s  r adio­

g r aphed i n  the manner d e s c r ibed i n  Chapte r  4 .  

Tre a tment 

Lame rams wer e housed on woode n gratings in t h e  property 

woo l sh e d  and f ed meadow hay . The were wa lked once through 

a f i ve metre long foot bath contai ning a f ive percent f orma l i n  

s o l u t i o n . E ach ram w a s  i nd ividual ly i ns pected and the 

i n t e rd i g i t a l  area wa s c le an ed to r emove any d r i ed s cabs o f  

exudat e . I n  i n s tance s  wher e  the i n f ec t i on was j udged to be 

i nvad i ng the deeper t i s sue s  and suppuration wa s pre s ent , two 

g r am s  o f  a penici l l i n/ s treptomy c i n  mixture ( i . e .  approximat e l y  

4 0mg/kg o f  e a c h )  w a s  admi n i stered s ub cutaneous ly i n  t h e  n e c k  

o f  the sh�ep . S ixty two o f  t h e  l O O  r ams wer e  treated d a i ly 

by t h i s  schedule for p e r i od s  r an g i ng from one to four days . 

I n  a n  a ttempt to prevent further c a s e s  o f  l amene s s , the 

r ema inder of the ram f lo ck was walked through a foot bath 

con tai ning a f ive percent formal i n  so lution o n  2 1  May . 
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TABLE 5 .  I 

The occurr e nce of new c a s e s  o f  l amene s s  in r e l at i o n  to the 
d a l ly r a i n f a l l  and management procedur e s  

D ate 

2 0  Apri l 
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  

1 May 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  

� 3 1  
1 June 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

Ra i nf a l l  mm 

0 . 8  
0 . 0  
0 . 2  
7 . 3  
1 . 3  
0 . 0  
0 . 0  
0 . 0  
0 . 0 

1 5 . 0  
3 1 . 8 
2 9 . 6  

0 . 5  
0 . 0  
0 . 0  
0 . 7  
2 . 5  

1 2 . 0  
0 . 0  

1 6 . 2  
0 . 3 
0 . 0  

3 5 . 1  
0 . 6  
0 . 4 
0 . 0  
0 . 0 
0 . 0  
0 . 0 
6 . 0  

1 5 . 8 
0 . 0  
0 . 1  
0 . 0  
0 . 0  
2 . 0  
5 . 6  
0 . 0  
0 . 0  
o . o  
0 . 0  
0 . 1  
0 . 7 
0 . 0  

1 4 . 6  
4 . 9  

1 1 . 2  
6 . 2  
0 . 0  
0 . 0  
2 . 2  
7 . 4  

Total 

New c a s e s  
of  l amen e s s  

1 0  

1 0  

3 6  

3 2  

1 2  

0 

l O O  

Managem e n t  procedure 

r am and ewe hogge t s  
yarded and drenched 

r am and ewe hogg e t s  
ya rded and crutched 

f i r st ve te r i nary v i s i t  

veter inary v i s i t  

vete r i nary v i s i t  

veteri nary v i s i t  

vete r i nary v i s i t  

veter i nary v i s i t  
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RESULTS 

Obs ervations 

The numbers of new case s of lamene s s  r e ached a peak by the 

thi rd vi s i t , then d e c l ined over the f o l lowing three weeks 

( Tabl e 5 . I ) . 

At no s tage of  the inv e s t igation were any o f  the ewe hogge t s  

not i c e ab ly lame a lthough they were managed in a s imi l ar way 

to the ram hogg e t s , but g r a zed s e p e r a t e ly . I t  was not i c e ab l e  

however that t h e  behavi our o f  t h e  r am hoggets w a s  d i f f e r e nt 

from that of  the ewe hogg e t s . Wher e a s  the ewe s were spread 

fai rly evenly over the ava i lable p a s ture , the r am s  f ormed 

loo s e  groups around f o c a l  po ints and i ndulged in frequent 

s exua l ac tiv ity ( F i g . 5 . 1 ) . Th i s  sexual behaviour o f  

mounting and r i d i ng one another , t r amp l ed the p a s ture und e r ­

foot i nto a mix tur e o f  mud and f ae c e s  devoid o f  g r as s . 

Excep t for n i n e  sheep whi c h  were c l a s s i f i ed a s  h av i ng typ i c a l  

foot abs ces s , the l e s i on s  in the o th e r  anima l s , i nvo lved only 

the i nterdig i t a l  s k in and to vary i n g  degree s , the subcuti s .  

Many o f  the she e p  were a f fe c ted i n  a l l  four f e e t  w i th l e s i o n s  

s imi l ar t o  thos e  d e s c r ibed b y  P a r s o n s o n  e t  al . ( 1 9 6 7 ) . T h e  

interdi g i ta l  s k i n  was redde ned and swo l le n  and frequently 

covered by a moi s t  f i lm o f  whi t i s h  ne c r o t i c ma te r i a l  ( F i g . 

5 . 2 a ) . Howeve r ,  i n  i n s ta n c e s  wher e  the foot was carried 

the l e s ion was m o r e  s ev e re and the interdigital s k i n  wa s 

necro t i c  and e r ode d , thus expo s i ng the s e n s i tive 

subcutaneous t i s su e s  ( F i g . 5 . 2  b - f ) . In some i n s ta n c e s  

suppura t ion and swe l l i n g  of the deeper i nterdig i t a l  t i s s u e s  

was pres ent ( F i g . 5 . 2  g a nd h ) . 

There was no t e nd e ncy f o r  the i n te rd i g i t a l  l e s ion to c au s e  

under -runni ng o f  the hoo f wa ll a t  the region o f  the ax i a l  

coron e t  a s  o c c u r s  in e a r ly footrot ( Beve r i dg e , 1 9 4 1 )  and the 

c h aracteri s ti c  sme l l  a s s oc i ated \·.ri th B .  nodMU.-6 i n f e c t i on 

( Eg e r ton and Graham , 1 9 6 9 ) was a b s e n t . 
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As the i nterdigi tal l e s ion h e a l ed , granu l a tion t i s sue f i l led 

the damag ed subcutaneous area ( F i g . S . l i ) , and epi the l i um 

g rowi ng i nwards f rom the periphery eventua l ly r epaired the 

d e f e c t  in the integume nt . 

The more s evere l e s io n s , r e s u l t i ng i n  l amen e s s  occurred mor e  

o ft e n  i n  the hind f e e t  than t h e  f o r e  f e e t  ( P < O . O O l , Tab l e  

S . I I ) . 

TABLE S . I I 

The occurrence o f  lamene s s  a s s oc i ated with necro s i s and 
e r o s i on o f  the interd i g ita l s k i� . 

l e f t  
fore 

1 9  

Numb e r s  o f  a f fected sheep 

right 
fore 

1 5  

sub t o t a l  
f o r e  f e e t  

3 4  

l e f t  
h i nd 

4 6  

r i ght 
hi nd 

3 6  

s ub tota l 
h i nd f eet 

8 2  

I n  9 sheep the f oo t  l e s i o n s  were c l as s i f i ed a s  foot abs c e s s  

and thes e  anima l s  were r e f e r red to the Mas s ey Unive r s i t y  

Veter inary Hos p i t a l  f o r  f u r t h e r  s tudy ( i n cluded in Chap t e r  4 

o f  thi s the s i s ) .  I n  s even o f  the s e  n i n e , necro s i s  and 

ero s i on of the interd i g i t a l  s k i n  wa s obs e rved one to two 

week s b e fore foot ab s c e s s  d eve loped . I n  the r emaining two 

sheep , foot abs c e s s  w a s  a lr e ady we l l  e s tab l i shed at the t ime 

of the i n i t i a l  v i s i t  to the property , s o  it was impo s s i b le 

t o  conf i rm that foot a bs c e s s  had been preceded by a n  

i n terd ig i ta l  l e s i o n . 

�acterio logy 

D i r e c t  microscopic examinat ion o f  gram - s tained smear s f rom 

the i n terdigital l e s i o n  revealed a mixture o f  organi sms w i th 

a preponderance of  g r am negative bac i l l i  and g r am pos i t iv e  

baci l l i . The char a c te r i s t i c  morpho logy o f  B . MdOJ.Ju.-6 was not 

observed . Cul ture f r om t h i s  mixed f lor a rev e a l ed the 

p r e s e nc e  o f  F .  ne.c.JtophO!l.um in a l l  but o n e  of the 2 7 swabs taken , 

a nd C .  pyoge.ne/.l was grown f rom 2 0 .  



Radio logy 

The n i ne rams d i agno s ed as having foot abs c e s s  s howed 

typ i c a l  radiolog i cal s ig n s  of i n f ect ion of the d i s ta l  

interph a l ange a l  j oi nt ( Chapter 4 ) .  

8 8 . 

Whe r e  only the inte rdig ital s k i n  and the immedi ate und e rl y i ng 

t i s s u e s  were i nvolved , rad i o l og i c a l  chang e s  were conf i ned to 

an i n c r e ased dens ity of  the a f f e c ted tis sues ( F ig . 5 . 3 ) , 

apa r t  f r om 4 c a s e s  (Fig . 5 . 4 ) , i n  wh ich there was a 

per i o s t e a l  reac tion on the s ur f a c e  o f  the midd le phalanx . 

Th i s  p e r i o s t i t i s ,  combi ned with swe l l i ng o f  the s o f t  t i s su e  

about t h e  abax i a l  coron e t , i nd i c ated that the i n f e c t i on h ad 

reached e ither the d i s t a l  i nterpha l angeal j o i nt , or the s o f t  

ti s sue a d j acent to the j o int and middle phalanx . Howeve r  

the typi cal radio logi c a l  j oi nt changes that a r e  s e e n  w i th 

foo t ab s c e s s  ( Chapter 4 )  did not occur and the cond i tion 

r e s olved at th i s  s tage . 

E f f e c t  o f  treatme nt 

The r am hogge t s  appeared to r e s pond we l l  to treatmen t  and 

by the e nd o f  May , 6 0  had b e en r e turned to the f lo ck and 

a week l ater the r emai nder had r e covered , except f o r  the 

9 r am s  that had deve loped foot a b s ce s s . 



89 . 

F I GU RE 5 . 1  a and b 

Ram hogge ts g rouped toge the r . 

S ome r am s  ( arrowed ) a r e  r id ing othe r s  i n  the 
g roup . 
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F IGURE 5 . 2  a ,  b and c 

P ho tographs o f  the i n t erdi g i tal s p a c e  o f  P erendale 
r am hogg e ts a f f ec ted w i t h  ov ine i nterdig i ta l  
dermati t i s . 

E - eros ion o f  the interd i g i t a l  
s k i n  . 

• 
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F I GURE 5 . 2  d ,  e and f 

Photographs o f  the interd i g i tal spa c e  o f  Perendale 
r am hog g e t s  a f f e c ted with ovine i nterdigi ta l  
derma t i ti s .  

E - eros i on o f  the interd i g i t a l  
s k i n . 
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F I GU RE 5 . 2  g ,  h and i 

P hotographs o f  the i n te rd i g i tal space o f  P erenda l e  
r am hoggets a f f ec te d  w i t h  ovine interd i g i ta l  
d e rmati t i s . 

P - pur u l e nt materi a l  

G - g r anulation ti s su e  
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F I GURE 5 .  3 

Radiograph o f  a s h e e p's f oo t  a f fected wi th ovine 
inter d i g i ta l  derma t i t i s . 

There i s  increa s e d  r ad i odens i ty o f  the i nter­
d i g i ta l  t i s s u e s  indicating the extent o f  the 
s o f t  t i s s ue swe l l i ng . The i n cr e a s ed pr e s sure 
centr a l ly has d i s p laced the dig i t s  abax i a l ly . 
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F IGuRE 5 . 4  a ,  b ,  c and d 

Radiograph s o f  the f e e t  o f  four s heep in which t h e  
i n f e ction a s so c i at ed w i th ovi ne i n terdi g i t a l  
derma t i t i s had i nvaded t h e  d eeper t i s sues o f  the 
foot . 

S - s o f t  t i s s u e  swe l l ing 

a rrows - pro l i f er a t i o n  of bone 



c 

a 

b d 
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D I S CUSS ION 

D e s cr i ption 

The interd i g i t a l  l e s io n  o b s erved in th i s  outbre ak of l amen e s s 

wa s s imi lar to the d e s criptions given by Murnane ( 1 9 3 3 ) , and 

P a r sonson �t al . ( 1 9 6 7 ) , the o n l y  d i f fe r ence b e i ng one o f  

s ever i ty . Murnane ( 1 9 3 3 )  d e s c r i bed maceration , e r o s i o n  a nd 

s uppurat ion o f  the interdigital t i s sue ac companied by marked 

l am e ne s s ,  wher e a s  P a r s on son �t a ! . ( 1 9 6 7 )  de s c r i bed a m i lder 

cond i t i on of ery thema , swe l l ing and in some c a s e s , e r o s ion , 

o f  the interd i g i tal s k in ; but lame n e s s  and suppurat i on were 

uncomrnen . I t  i s  ev i dent that in the mature ewe f locks 

s tudied by P ar s on son �t at . ( 1 9 6 7 ) , a smal ler propo r t i o n  o f  

the f lo ck developed the more s evere form o f  the interdi g i ta l  

l e s ion than i n  the outbreaks reported o n  by Murnane ( 1 9 3 3 ) : 

the author� o b s e rvations agree w i th the l atter . 

The a s sociat i o n  o f  F .  n�CA. ophOJtum a nd C . pyoge.ne..o organi sm s  

w i t h  th e i nt e r d i g i tal l e s ion i s  i n  agreement w i th the 

Aus tral ian f indi ngs ( Pa r sonson �t al . ,  1 9 6 7 ) . 

The var i a t i o n  i n  the s ever ity o f  the i n terdi g i t a l  l e s i o n  

r a i s e s  the qu e s t i on o f  the adequacy o f  t h e  term " ov i n e  

interdigital dermat i t i s '' , f i r s t  in troduced b y  P a r s o n s on 

�t al . ( 1 9 6 7 ) . Whi l e  thi s  termi no l ogy adequately de s c r i b e s  

t h e  mi lder cond i tion , i t  d oe s  n o t  c o nvey an apprec i a t i o n  o f  

t h e  painfu l , necrot i c  and eros ive n a ture o f  t h e  l e s i on 

obs erved i n  some sheep . I t  i s  not i ntended to recomme nd any 

change i n  the a c cepted termino logy at th i s  s tage but it i s  

emp h a s i s ed that the more severe f o rm o f  l e s i on accomp a n i e d  

b y  l amene s s , i s  not unco�non i n  som e  outbreak s o f  ovine 

i nt erdig i ta l  dermat i t i s  i n  New Z e a l and . 



P r edi spo s ing factor s con t r i buting to ovi n e  i n terdig i t a l  
d e rma t i t i s  a nd f o o t  absce s s  
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P r ior to the ou tbre ak of ovi ne i nterd i g i tal dermati t i s , the 

ram hogge t s  and ewe hogge t s  had been managed s imi larly , 

except that for husbandry reason s , they were grazed 

s eparate l y . The d i f f erence between the s ex e s  i n  the 

pr eva lence o f  l ame n e s s  wa s s o  marked , that it  is  d i f f i cu lt 

to conce ive that th i s  d i f f erence cou ld ar i s e  from m i nor 

di f ferences b e tween the areas grazed . I t  i s  more l ik e l y  

that thi s  i s  a t r u e  s e x  d i f f erence in prevalence o f  ovi n e  

i n terdig i ta l  derma t i t i s ,  s ometh i ng t h a t  h ad a l r eady b e e n  

s ugge s ted i n  r eturn s from t h e  po s ta l  survey o f  Romney � tud 

sheep f a rmer s ( Chapter 2 )  . Thi r ty percent of the r e s po nd e n t s  

t o  the s urvey named r am hoggets as b e i ng common ly a f fected 

w i th foot abs ce s s , ag a ins t two per c e n t  who named ewe hogg e t s . 

The ob s erved d i f f e re n c e  i n  the behav iour o f  the two s e x  

group s  provid e s  t h e  m o s t  l ikely expl an a t i on f o r  the d i f f e r e n c e  

i n  preva l ence o f  l amene s s . Th i s  behaviour pattern could have 

the e ff e c t  o f : -

a )  expo s ing the sheep 1 s  f e e t  to an envi ronment heav i ly 

contam i n ated w i th F .  n.e.CA ophoJtum orga n i sms a r i s ing from 

f a e c e s and 

b )  i n c r e a s ing the r i s k  o f  phy s i ca l  damage to the inter­

d i g i ta l  skin when r i d i ng or be ing r i dden by other s h e e p . 

T h e  impor tance o f  predi spo s i ng f acto r s  i n  the pathogene s i s  

o f  the n atura l ly occur r i ng d i s e a s e  i s  we l l  recogni s e d . U nd e r  

exper imen tal cond i t i on s , i nterdi g i t a l  s k i n  damage s u f f i c i en t  

to perm i t  i nvas ion o f  F .  n.e.CA ophMum organi sms h a s  b e e n  p rovi d e d  

e i ther b y  scari fying the i nt erdi g i t a l  s p a c e  ( P ar son s on e. t �t . ,  

1 9 6 7 ;  Egerton e.:t �-e , 1 9 6 9 ) .or by macerat ion o f  the inter­

d ig i t a l  skin by expo sure o f  the sheep ' s  f e e t  to water 

(Graham and Egerto n , 1 9 6 8 ; Egerton e. :t �� r , 1 9 6 9 ) . 

I n  the outbreak o f  l am e ne s s  r epor ted here , the important 

predi s po s i ng factor s appeared to be the h igh and p er s i s te n t  
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r a i n f a l l , c ombined with the s exual behav i our o f  the rams . 

Rob e r t s  e t  a£.  ( 1 9 6 8 )  obs e rved that in s ome c a s e s  at l e a s t , 

foot a bs c e s s was pr e c eded by ovine interdigi t a l  dermat i t i s  

and s imilar c i rcums tan c e s  i n  the ou tbre ak reported here 

adds further evidence that the damaged i nterd i g i t a l  area i s  

a c ommon route o f  i n f e c t i on i nto the d i s tal i nterphalang e a l  

j o i n t . The anatomi c a l  s tudy r eported i n  Chapter 3 o f  th i s  

the s i s  ha s demon strated the proximi ty o f  the c a p s u l e  o f  the 

di s ta l  int erpha l ange a l  j oi nt to the interdig i ta l  s k i n , 

par t i cu la r l y  at the s i te s  of the dor s a l  and vo l ar pouches o f  

t h e  j o int capsule ( F i g . 3 . 1 ) . I t  i s  unders tandab l e  then , 

tha t  once the necroti c  i nterd i g i t a l  skin be come s eroded , 

the d i s t a l  i n te rphalange a l  j o i n t  i s  vulnerab l e  to infe ction . 

Di f f e r ent i a t i on betwe en ovine i nterdig i t a l  derma t i t i s and 
foot abs ce s s  

L i t t l e  d i f f i cu lty l s  norm a l l y  e:·pe r ienced i n  d i f ferent i at i ng 

b e tw e e n  ovi n e  interdig i ta l  derm at i t i s  a nd foot ab s c e s s .  

Ovi n e  i nt erdig ita l dermat i t i s  i s  re s tr i c ted to the inter­

d i g i t a l  s k i n  and subcut i s , wher e a s  i n  foot abs ce s s  the 

a f f e c ted d i g i t  i s  p a i n f u l  and swo l l e n , e spec i a l ly in that 

area abov e the corone t  on the abaxi al aspect through whi c h  

t h e  i n f e c t i on u s u a l l y  d i s c h a rge s ( Chapter 4 ) . However , 

pro b l ems o f  d i f f erenti ation c a n  occur a t  the i n te rmediate 

or tr a n s i tional s tage betwee n  the s e  two cond i tions , w he n  

i n fe c tion can be s e e n  t o  have i nvaded the subcut i s  and 

the r e  i s  s om e  swe l l ing about the digit . 

Radi ol ogy w a s  found to b e  u s e f u l  to a s s e s s  the extent o f  the 

ti s s u e  i nva s ion but even w i t h  thi s  aid , equ ivoc a l  c a s e s  

occurred i �  f our sheep . I n  the s e , per i o s ti t i s o f  the middle 

pha l a nx i nd i cated that i n f ec t i o n  had r eached e i ther the 

d i s ta l  i nterphalang e a l  j oi n t , or th e s o f t  t i s s u e  ad j acent 

to the middle phalanx , but had not r e s u l ted i n  the typ i c a l  

j o i nt change s  o f  foot abs c e s s  ( Chapter 4 ) . T h e  arr e s t  o f  

the i n fec tive proc e s s  at thi s s tage may have been due i n  

part to the treatment reg ime i n s t i tuted . 
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Therapy 

B e c au s e  o f  the potent i a l  va lue o f  the ram hogge t s  i nvolved 

in thi s  outbreak of l amene s s , the b e s t  treatment pos s i b l e  

had t o  b e  c on s i dered for every c a s e . I t  was ther e f ore 

impo s s i b le to conduct any contr o l l e d  treatment tr i a l s  and no 

pos i t i ve s tatement could be mad e on the re lat ive v a lu e s  o f  

the d i f f er e nt pro cedure s adopted . 

Th e aim o f  the therapeu t i c  me a s ur e s  adopted w a s  to ar r e s t  

the i nt e r d i g i t a l  l e s i o n  before i n f e c t i on reached t h e  deeper 

t i s s ue s , becau s e  permanent damage r e su l t s  once i n f e c t i o n  

becom e s  e s t ab l i shed i n  the di s t a l  i nterphalang e a l  j o i n t  

( Chap t e r  4 ) . B o t h  Murnane ( 1 9 3 3 )  and
. 

P ar sonson e t  al . ( 1 9 6 7 )  

r eported that ovine i nterdi g i t a l  dermati t i s  r e s ponded 

r ead i l y  to treatment and o f te n  reso lved spontaneous l y  i f  

af f e cted s heep were moved to dry surround i ng s . I t  was f e l t  

that t h e  b e s t  means o f  a c h i ev i ng a dry envi ronmen t  i n  t hi s  

ou tbre ak . was t o  hou s e  the l ame rams i ndoors o n  wooden 

gra ti ng s and thi s  was con s idered to be an impor tant part o f  

the therapy . 

Footbathing l n  f ive perc e n t  f o rma l i n  s o lution h a s  been u s ed 

exten s ive l y  a s  a n  a i d  i n  the c o ntro l o f  ovine f o o trot 

( Bever i dge , 1 9 4 1 ; Egerton and Graharn , 1 9 6 9 )  and b e c au s e  

o f  the r e lative l y  super f i c i a l  nature o f  ovine i n t e rd i g i ta l  

dermat i ti s , i t  was cons idered that f o rmalin f ootbathing might 

l im i t  the i n f e c t i on . Exce s s iv e  f orma l i n  footbathing has b e e n  

shown to incre a s e  interdig i t a l  t i s sue damage ( L i tt l e j ohn , 

1 9 7 2 ; Hooper a nd Jone s , 1 9 7 2 ) , but i n  tho s e  i n s tanc e s  

r e f e r r e d  t o  t h e  concent r a t i o n  o f  f orma l i n  wa s 1 0  percent o r  

gre a te� a nd t h e  s h e e p  wer e  f ootbathed a s  frequ e n t ly a s  every 

s e c o nd day for f ive week s . A s ing l e  s e s s ion of f orma l i n  

footbathi ng wou ld not prevent r e i n f e c t ion o f  the i n terd i g i ta l  

l e s i o n s  w i th F . neCAophOJtum f rom the e nv ironme n t , i t  b e i ng a n  

ubi q u it o u s  organ i sm ; and s o  the bene f i ts may n o t  be a s  

long term a s  they are f o r  t r e a t i ng ovi ne foot r o t , a 

cond i t i on i n  which the e s s en t i a l  transmitting a g e nt 

B . nodo..OM l a s t s  only a short time i n  the e nv i r o nment 

( Bever i d g e , 1 9 4 1 ) . 
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I n  1 2  out o f  the l O O  l ame ram hogg e t s , the interd i g i ta l  

i n f e c tion w a s  not r e s t r i c ted to the epidermi s but wa s s ee n  

t o  b e  invo lvi n g  the dee pe r  t i s s u e s  a nd i n  the s e  c a s e s  i t  w a s  

con s idered prudent t o  admin i s t e r  antib i o t i c s  sys temica l ly .  

P e n i c i l l in and s treptomy c i n  mix ture s  have been u s ed a s  an 

aid in the t r e a tment of ovi ne foot rot ( Eger ton , P a r s o n s o n  

and Graham , 1 9 6 8 ) , and for th i s  purpos e the s e  worke r s  f ound 

a mixture of the two antibiot i c s  wa s mor e  e f f e ctive than 

e i th e r  drug a lone . The max imum perc entage of cur e s  was 

achieved at h i�h dose rate s ; 7 0mg/kg o f  each agent b e i ng 

g iven as a s i ng le i n j e c tion . Both o f  the bact e r i a  

con s idered to b e  t h e  m a i n  pathogens in ovine interd i g i t a l  

dermat i t i s a n d  f oot abs ce s s ,  (F .  ne.CAophOJLum and C .  pyoge.ne.-o ) 

show i n  v itk o s en s i t iv i ty to pen i c i l li n  ( Buxton a nd F r a s e r , 

1 9 7 7 ; S imon , 1 9 7 7 ) . I n  the outbre ak o f  l amene s s  r epor ted 

here , a l ower dose r a t e  of  appr oximate l y  4 0mg/kg o f  both 

peni c i l l i n  and s treptomy c i n  w a s  g iven on a dai ly ba s i s  f o r  

per iods o f  u p  to f o u r  day s depei ,d i ng on the r e s pon s e . The 

subj ec tive impr e s s i on was that antib i o t i c  the r apy 

accel erated r e so lut ion o f  the i n f e c tion . 

A s  j udged by c l ini c a l  ob s ervation the s he ep r e sponded we l l  

to the combi ne d  therapeuti c mea sur e s  o f  dry surround i ng s ,  

form a l i n  footba thing a nd s e l e c ted antibiotic the rapy . N i n e  

o u t  o f  the l O O  lame r ams d eve loped foot absce s s ,  ( two o f  

the s e  nine h ad a l ready deve loped foot abs c e s s  b e f o r e  therapy 

was i n i t i at ed ) . Because of the l arge b e tween-year 

d i f f erenc e s  i n  preva l ence o f  foot absc e s s , i t  i s  no t 

p o s s ib l e  to c r i t i ca l ly evaluat e  the value o f  the therapeu t i c  

mea s ur e s  adopted , neverthe l e s s the outcome compar e s  

f avourab ly w i th previ ous year s i n  whi ch u p  to 5 0  r am s  f r om 

thi s f lock h a d  deve l oped foot ab s ce s s . 

t:i'ASSEY UNIVERSITY, 
LIBPJ\RY 
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SUMMARY 

1 .  Ovi ne interd i g i t a l  derma t i t i s  was o b s erved to vary i n  

s eve r i ty f rom erythema and swe l l i n g  o f  the interdig i ta l  

s k i n , to e ro s i o n  and even suppura t i o n  o f  the i nter­

d ig i t a l  t i s s ue s ; the mor e  s eve�e f o rm b e i ng ac companied 

by marked l amene s s . 

2 .  Ovi n e  interd i g i t a l  dermat i t i s  and f o o t  abs c e s s  

o ccurred s imu l taneou s ly i n  the one f lock and ovine 

i n te rd i gi ta l  d e rmat i t i s was obs e rved to precede the 

o c currence of foot abs c e s s  i n  s even i n s tance s . 

3 .  I t  w a s  sugg e s te d  that the behav iour pattern and 

s exual activi ty o f  young r ams may predispose them to 

ovine i nterd i g i t a l  derma t i t i s  and thus to foot ab s ce s s . 

4 .  A l t hough no contr o l led tr i a l s  were c onducted , the 

l ame s heep appeared to re s pond we l l  to the combined 

the r apeu t i c  measures of  dry surround i ngs , f orma l i n  

footbath ing a nd s e l e c ted antibio t i c  therapy . 
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( c )  Sheep incou l a  ted with a mixture o f  Ftv.>oba.c.tvt-tum 
ne.CA ophOJLum and C Myne.bac.tVt-tum pyoge.ne.J.> orga n i sms . 
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S UMMARY AND CONCLUS I ONS 
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IN·rRODUCT ION 

From o b s ervations o f  c l in i c a l  c a s e s  o f  foot abs c e s s  ( Chapter 

4 )  and a s tudy of the anatomy of the digits  ( Chapter 3 ) , it 

was c onc l uded that foot ab s ce s s  was an i n f e c t i on o f  the d i s t a l  

interph a l angeal j oint . The r e f o r e  i t  s eemed l ik e l y  that the 

inoculat ion o f  the cau s a t ive o r g anisms d i re c t ly into the 

di s ta l  i nte rphal angeal j o i n t  s hould r eproduce foot ab s c e s s .  

Ther e i s  much cir c umstanti a l  evidence that the a e t i o logi c a l ly 

impor tant organi sms in ovine f oot abs c e s s  are F .  ne.CAophOJr.um 

and C .  pyoge.ne....o • Thi s evidence i s  b a s ed on the f requent 

i s o lat i on of both organ i sms f r om foot abs c e s s  ( Robe r t s  e.t al . ,  

1 9 6 8 ;  Chapter 4 ) , the known corre l a ted actio n  b e tween the 

two organ i sm s  ( Roberts , 1 9 6 7  a and b )  and the d i s t r i.bution 

o f  morpho logical l y  s im i l ar organi sm s  in s tained s e c t ions o f  

l e s ion s o f  foot abs c e s s  ( Rober t s  e. t  a l . ,  1 9 6 8 ) . T h e  s ame 

aut ho r s  i nocu lated a mixture of c u l tures o f  thos e  two organi sm s  

into the d i g i ta l  cushion and produced l e s i on s  s imi l a r  t o  

natur a l l y  o ccurr ing c a s e s  o f  f o o t  abs ce s s . 

I t  was d e c id ed to i nves tigate the e f f e c t s  of i nocu l a t io1 1  into 

the d i s t a l  i nter ph a l angea l j o in t  o f  a culture of e i ther 

F .  ne.cA ophOJt urn  or C .  pyoge.ne....o , and a mixture of the two organi sms . 

I t  was a n t i c i pated that i f  f oot abs c e s s  could b e  r e produced 

by thi s m e an s ,  then thi s  wou ld s uppor t the be l ie f : -

a )  that f oot ab s ce s s  i s  an i n f e ct ion o f  the d i s t a l  i nter­

pha l an g e a l  j o i n t , and 

b )  that F .  ne.CA ophOJr.um and C . pyoge.ne....o are the c au s at i v e  

bacte r i a  concerned . 

Roberts e. �  a l . ( 1 9 6 8 )  cons i de r ed that F .  ne.CAopho.twm was the 

chi e f  i ni t i a l  pathogen i n  f oo t  a b s c e s s  and in s ta in e d  

sections tak e n  from f oo t  abs c e s s  le s ions , f i l amentou s gram­

negative organi sm s  were common l y  s e e n  at the fore front of the 

ti s sue i nv a s ion , wher e a s  C .  pyoge.ne..o was c ons idered to 

pro l if erate in the necroti c  t i s s u e  r e s u lting f rom t h e  
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F .  n.e.v wphOJtum i nv a s ion . FLWobac.teJr.-<..um n.e.c.Jtopho.tr.um was cons idered 

to p lay a s i m i l ar role i n  other foot i n fe c tion s : name ly 

ov i n e  foot rot ( Eger ton e. t  c{. £. , 19  6 9 )  , bov ine foot rot ( Be r g  

a n d  Loan , 1 9 7 5 )  and ovine interdi g i t a l  d ermat i t i s  

( P a r s on son e.t al. . ,  1 9  6 7 )  . Becaus e F .  ne.c.Jt ophOJLum was s e e n  to b e  

t h e  dominant organi sm i n  term s  o f  t i s sue invas i on , i t  w a s  

d e c ided t o  keep the number of C .  pyoge.� organi sms cons tant l n  

a n y  mixture o f  the two specie s ,  and t o  vary t h e  number o f  

F .  n.e.CAophOJt um organi sm s . 

Thi s  i nve s t i g at i on was undertaken i n  two part s . I n i t i a l ly a 

p i l o t  tr i a l  was conduc t ed u s i ng s im i lar i nocu l a t i o n s  to tho s e  

u s ed b y  Rober t s  e. t  a f. .  ( 1 9 6 8 )  to de term i n e  i f  f oot abs c e s s  

could b e  r eproduced by d i s ta l  i n te rpha langeal j o int 

i noculat ion . Once thi s was e s ta b l i shed , the d e f i na t ive t r i a l  

w a s  undertak e n . The r e s u l ts f rom t h e s e  two tr i a l s  a r e  

pre s ented toge ther . 
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MATERIALS AND METHODS 

Sheep 

A s  they were requ i r ed , Romney and Romney- c r o s sbred f lock ewe s 

w e r e  ident i f i ed with e a r  tag s and hou s ed i ndoo r s . 

B a c t e r i a l  culture s 

F re e z e  dr i ed cu ltur e s  o f  F .  ne.CA opho)( u.m and C .  pyoge.n.e..o, both 

i so lated i n i tial ly f r om natur a l l y  occurring c a s e s  o f  foot 

abs c es s , were recon s t i tuted and grown on f ive percent sheep 

b l o od agar p late s , anaerob i c a l ly and aerob i ca l ly r e spective l y . 

A f ter 4 8  hour s i ncubat i on they were s epar a te l y  sus pended i n  

s te r i l e  s a l i ne . The concentration o f  e a c h  organ i sm was 

e s timated us ing a v iab l e  count me thod , whereby s e r i a l  

d i luti on s  o f  organ i sms w e r e  subcul tured on blood agar i n  

tripli c at e  and c o lon i e s  counted after 4 8  hour s . 

Procedur e  

F o l lowing overnight f a s ting t h e  s h e e p  were anae s the t i s ed wi th 

pentobarbi tone , the f e e t  s crubbed and the woo l  c l i pped f r om 

the coronet to the f e t lo ck . U s i ng an a s eptic technique , a 

2 5  gauge , 2 . 5cm needle was i n s er ted i n to the dor s a l  pouch o f  

the d i s t a l  interph a l angeal j o iht o f  the dig i t . Joint f lu i d  

was wi thdrawn to c o n f i rm the n e e d l e  p o s i t ion . The bacte r i a l  

c u l tur e s  wh i ch had been fre s hl y  harv e s ted , were i noculated 

in vo l umes o f  0 . 2ml a ccordi ng to the s ch e du l e s  shown i n  t h e  

t ab l e s  ( 6 . I ,  6 . I I ,  a n d  6 . I I I )  appear i ng under t h e  appropr i at e  

s e c tion o f  Resu l t s . 

I n  the p i lo t  tri a l  only one inocu l at i on was made i n  each o f  

s i x  s h ee p . There are o f  cour s e  e i s ht d i s ta l  i nterphal ang e a l  

j oint s i n  any one sheep , b u t  t o  avo i d  c o n fus ion about whi c h  

digi t m i g h t  be re spon s ib l e  for any l am en e s s , i t  \va s  d e c i de d  

t o  inocu l ate o n e  d i g i t  only , o f  each foot o f  t h e  1 8  s h e e p  i n  
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the de f inative t r i a l . Only thr e e  sheep could be handled i n  

any one expe r iment d u e  t o  t h e  t ime i nvolved i n  ana e s the s i a , 

i no c u l ation , r ad i ol ogy and a s s e s smen t , s o  the pro j e c t  w a s  

performed ove r  a two y e ar period . Thus i n  each s e r i e s  o f  

expe r iments t h e r e  w e r e  1 2  i n j e c tions ( four j oi n t s  x thre e  

s he e p )  , incorporating three concen tr ations o f  the s ame 

bact e r i a  and a normal s a l i n e  contro l . Wi thin each s heep , 

treatments were a s s i gned r andomly u s i ng a tab l e  o f  random 

numbe r s . 

As s e s sment 

A f t e r  r ecovery from the ana e s th e ti c , the sheep were exami ned 

dai l y  f or s i g n s  of swe l l i ng , l ame ne s s  or d i s charge . 

Where appropr i ate , the f e e t  wer e  photographed and radiographed 

a c cord i ng to the methods de s cr ibed i n  Chapte r  4 .  

I n  i n stanc e s  where pu s had accumu la ted beneath the s k i n , 

the mo s t  pr om i nent poi nt was c l eaned and d i s i n f e c ted , and 

f o l l owi ng lanci ng of the abs c e s s  a swab was taken of the 

c o n t a i ned pus . A smear of th i s  was examined m i cr o s crop i c a l ly 

f o l l ow i ng s t a i n i ng by Gram ' s  method and the materi a l  was 

c u l tured bo th aerob i c a l l y  a nd anaerob i c a l ly o n  five per c e n t  

s h e e p  b l ood agar . 

The r espon s e  o f  the s heep to j oint i noculation w a s  c la s s i f i ed 

i nt o  one o f  four arb i trary categor i e s . The s e  were 

d e s i g n a ted : -

TYPE I 

TYPE I I  

- n o  r e ac t i on 

- The inocu lated d i g i t  was pai n fu l  and 
i n f l amed , but the reac tion r e g r e s s ed 
wi thin f our days o f  i nocul ation 

TYPE I I I  - The i no c u lated d i g i t  became swo l l e n  
and pai n fu l , a n d  purul ent mater i a l  
d i s c harged from the s i te o f  i n j e c tion . 



Thi s  re s o lved w i t h i n  f our weeks and 
c l in i c a l  and radiograph ic s ig n s  o f  
foot ab s c e s s  d i d  n o t  deve l op . 
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TYPE IV - The inocu lated dig i t  devel oped c l i n i c a l  
and radiographi c s igns ind i s tinguishable 
from f oo t  ab s ce s s . 

RESULTS 

( a )  S h e e p  inocu l ated w i th FMobac..tvL.-lu_m nc_CAophMurn orga n i sms . 

The r e s po n se o f  the sheep to the i noculation o f  F .  ne.CJwphMum 

organi sms into the d i s ta l  i nt erpha lang e a l  j o i n t  i s  summari sed 

in tabl e  ( 6 . I ) . 

Unfortunate ly , except for the two sheep in the p i l o t  t r i a l  

( P 3 � nd P 4 ) there were no i nocuiat i o n s  between t h e  e s t imated 

dos e s  o f  8 x 1 0 3 , and 1 0 1 0  organi sms . This occurred becau s e  

the numbe r  o f  organ i sms cou ld not b e  a s s e s s ed unt i l  4 8  hour s  

after j o i n t  i nocul ation had taken p lace . 

The two s heep P3 and P4 th at had b e e n  i nocu l a ted wi th 1 0
8 

F . ne.cAoph OJLum organ i sms , only deve loped minor change s  i n  the 

i noc� l ated d i gi t .  Pain and swe l l i n g  were t r an s i en t  and the 

cond i t i o n  had regres s ed by the third day af ter i n j e c t i on . 

Rad i o l ogi cal changes wer e  r e s tr i c te d  to the tran s i ent 

swe l l i ng o f  the soft t i s s u e s  abo u t  the i n j e c ti o n  s i te and 

j oi n t  changes typ i ca l  of f oo t  abs c e s s  ( Chap te r  4 )  did not 

deve l op . 

1 0  
The i no cu l at i on o f  the muc h  g re ater number o f  1 0  organ i sm s  

produced a marked reacti on t h a t  i s  d e s c r ibed i n  mor e  d e ta i l  

below . 
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TABLE 6 .  I 

THE REACTION TO THE I NOCULAT I ON OF Fu-�o bac.tvr.,Cum ne.CA ophOJtum 
ORGAN I SMS INTO THE DISTAL INTERPHALAN GEAL JOINT OF S HE E P . 

S h e e p  
No . D i g i t *No . o f  

O rgan i sms 

Reac tion 
---

T
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Y
--

P
-
E
---�--

T
-

Y 
__ 

P
_
E
--��--

T
-
Y
_
P 

__ 

E 
__ , ___ 

T
_

y
_

p 
__ 

e 
__ _ _ 

I I I  I I I  IV 
l--------�-------4------------�-------+--------4-------4----------

1 

2 
3 

l 

2 
3 

4 

5 

6 

4 

5 

6 

l 

2 
3 

P 3 

P 4  

4 

5 

6 

1 

2 
3 

4 

5 

6 

RFL 

LFL 

LHL 

LHL 

LHL 

RHL 

LHM 

LHM 

RHM 

RFM 

LFM 

LHM 

RHL 

RHL 

LFL 

LHM 

LHM 

RHM 

RHM 

LFM 

LFL 

RFL 

RFL 

LFM 

RFM 

RFM 

1 0 1 

1 0 1 

1 0 1 _.) 

l c)'2 

( 

1 ( 

8 X 

8 X 

8 X 

8 X 

8 X 

8 X 

8 X 

8 X 

8 X 

6 X 

6 X 

6 X 

8 X 

8 X 

1 0 2 

1 0 2 ) 

8 X 

1 0 8 

1 0 8 

1 0
3 

( "-' 

1 0
3 ... 

1 0
3 ) 

i o
3 

1 0
3 

1 0� 

1 0 1 0-

1 0 1 0 , 3 

1 0 1 0 -" 

l 

l 

l 

l 

l 

l 
l 

l 

l 

l 

l 

l 

l 

l 

l 

f;terile saline D- - l 
11 

11 

11 

1 1  

1 1  

1 1  

11  

l 

l 

l 

l 

l 

l 

l 

l 

l 

l 

* Con ta ined i n  0 . 2ml i nocu lum 

LFL l e f t  f o r e  l a t e r a l  d i g i t  
LFM l e f t  f o r e  med i a l  d i g i t  
RFL r i g h t  f ore l a t e r a l  d i g i t  
RFM r ig h t  f ore med i a l  d i g i t  

P = pi lo t  

LHL l e f t  h i nd l a t e r a l  d i g i t  
LHM l e f t  h i nd med i a l  d i g i t  
R H L  r i ght h i nd l a te r i a l  11  

RHM r ight hind med i a l  d ig i t  
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S h eep inocu l ated wi th 1 0
1 ° 

F . n.e.CA ophOJtu.m organi sms 

Ob s ervat i o n s  

T h e  i n j ec ted digi ts o f  t h e  thre e  s h e e p  i noculated w i th 1 0
1 0  

F .  n.e.CA ophOJtu.m organ isms a l l  d eve loped s im i l ar change s . The 

d i g i ts wer e swo l l e n  and p a i n f u l  2 4  hour s af ter i n j e c tion and 

t h e  s heep carried the a f fe cted foot . The swe l l i ng became 

progres s iv e ly gre a ter , particularly abov e the coronet on the 

abax i al a s pe c t  ( F i g . 6 . l a and b ) , unt i l  by day 1 0 , when at 

the point o f  burst ing , the abs c e s s  was lanced to a l low for 

bacterio logi c a l  examination o f  the contents . Pus a l s o  

d i s charged a few day s l a ter from the swo l l e n  i n terdi g i ta l  

s pace . The puru lent mater i a l  continued d i s charg i ng from the s e  

s it e s  f o r  f our t o  f ive weeks ( F ig . 6 . lc and d ) , dur ing which 

t ime the swe l l ing par t ly s ub s i ded and the sheep s tarted 

putt ing s ome we ight on the f oo t . A l l  thre e  sheep were s t i l l  

l ame 4 0  day s a f ter inoculation and the i n j e cted dig i t  was 

d e f o rmed , particul ar ly that o f  � heep number 5 in whi ch th� 

d i s t a l  pha lanx was noticeably di s p laced abaxi a l ly ( F i g . 6 . 2 ) . 

Rad i ology 

The rad iograph i c  chang e s  of a l l  thre e  inoculated dig i t s  were 

i n t i a l ly r e s tr i c ted to s o f t  t i s sue swe l l i ng , but by day 

s ev en the r e  was wi den i ng o f  the j oi n t  s pace o f  the di s t a l  

i nt e rpha l an g e a l  j o i n t  a rrl  l o s s  o f  den s i ty o f  the subchondra l  

bone ( F i g . 6 . 3 a ) . The s e  change s  were more obvious b y  day 

10 ( F i g . 6 .  3 b )  and in add i ti on there was pro l i f eration o f  

bone ad j acent t o  the p e r i o s teum about t h e  midd l e  pha l anx . 

The d i s t a l  end of the midd l e  phalanx and the prox imal end o f  

the di s t a l  phalanx became progre s s ive ly eroded ( F i g . 6 . 3 b ,  c ,  

a nd d )  , and the pro l i f e ration of bone even tua l ly covered muc h  

o f  t h e  s ur f ace o f  the midd l e  phal anx ( F i g . 6 . 3 d ) . N e w  bone 

a l s o  pro l i fer ated about the proxima l phalanx of the i n j e c t e d  

d i g i t  ( F i g . 6 . 3 c and d ) . 
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I n  s h e e p  n umber 5 the di st a l  pha lanx was d i s p laced abaxi a l ly 

by day 1 4  ( F i g . 6 . 2 ) and i t  was l i k e ly that the ax i a l  

col l at e r a l  l ig aments and t h e  interdig i ta l  l igaments had 

ruptured i n  t h i s  case . 

By day 4 0  ( F i g . 6 . 3d )  the n ew bone that had pro l i ferated 

about the pha langes wa s we l l  d e f ined and smooth in out l ine , 

ind ic a t i ng that reso lution w a s  occurr i ng . 

The s e  radiographic change s a r e  s im i l ar to tho s e  d e s c r ibed 

for n a tu r a l ly occurring c a s e s  o f  foot absce s s  ( Chap t e r  4 ) . 

Bac t e r io l ogy 

Gram s ta i ned smear s taken f r om the abs c e s s e s  above the 

coron e t , revea led the pr e s en c e  of numerous gram-negative 

f i l ame n t s , and a pure c u l tur e o f  F .  nec.JwphOJLwn w a s  ob tained 

from a l l  thre e  i n j e cted d i g i t s . A s econd s amp l e  taken fonr 

days a f t e r  the ab sces s had been lanced , reve a l e d  the pre s e nce 

of  C .  pyogenv., in add i t i on to F .  n.ec.Jt ophol1.wn i n  two o f  the thre e  

inocul ated d i g i ts . I t  i s  p r e s umed that C.  pyogeneJ.> from the 

e nv i ronment had i nfected the l e s ion a f ter s i nus trac t s  had 

forme d . 
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F I GURE 6 . 1  a ,  b ,  c and d 

The r i ght h i nd foot of s h e ep number 4 fol lowing the 
1 0 

i noc u l at i o n  o f  a pprox ima te ly 1 0  FLU.obac.te./[.W.m 

neCA ophMu.m organisms i n to the d i s ta l  inter_?ha lang e a l  

j o int o f  the med i a l  digi t .  

( a )  Day 6 
s - swe l li ng 

( b )  Day 1 0  

s - swe l l ing 

( c )  Day 1 4  

D - purul e nt di s charge 

(d)  Day 2 4  

D - pur u lent di � charge . Much of the swe l l i ng 
h ad s ubs ided and s i nus tracts were 
pre s ent both above the coronet and 
interdig ital l y . 



a c 

b d 
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FIGURE 6 . 2  a and b 

The r ight hind foot o f  s h e e p  numbe r  5 a )  1 7  days and 

b)  1 4  days a f te r  the i no c u l a t i on of approximate l y  1 0
1 0  

FMobac.tVt;.u.m n.e.vz.ophoJtum organi sms into the d i s t a l  i n t e r ­

phal ang e a l  j o � nt o f  t h e  med i a l  d i g i t .  

a )  A - abax i a l  d i s p la c ement 

T - s i nu s  trac t s  

b )  A - aba x i a l  di splac ement o f  the d i s ta l  
pha l anx and d i s t a l  s e s amoid . 

E - eros i o n  o f  bone 

P - p r o l i feration of bone 

S - s o f t  t i s s ue swe l li ng 
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F I GURE 6 . 3 a ,  b ,  c and d 

Rad i ogr aphs o f  the r ight h i nd foot o f  s h e e p  number 4 
f o l lowing the inocu l at i on o f  approximate ly 1 0 1 0  

Fc.v.:.oba.c.tvr.;.wn n.e.CA.ophOJr.um organisms into the d i s ta l  

i nterphalang e a l  j o int o f  t h e  med i a l  d i g i t .  

( a )  D ay 7 

S - so f t  t i s s u e  swe l l ing 

W - wideni ng o f  the j oint s pace 

( b )  Day 1 0  
S - soft t i s s u e  swe l l ing 

E - ero s i o n  o f  bone 

P - pro l i f e r a t io n  of bone 

( c )  D ay 1 4  
S - s o f t t i s su e  swe l l i ng 

P - pro l i f e r at ion o f  bone 

( d )  Day 4 0  
P - pro l i f e ra t i on o f  bone . Much o f  the s o f t  

t i s s ue swe l l i ng h a d  s ubs ided and the 
o u t l ine of the new bone that had f ormed 
abou t the phalang e s  was smoot h .  
The d i s t a l  thi r d  o f  the middl e  phalanx 
wa s eroded . 



c 
a 

b d 
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( b )  Sheep inocu l ated with COJ1.�(11e.bac.teJt.{.um pyoge.11<v.> organ i sr:ts 

The respon s e  of the she ep to inoculation o f  various n umb e r s  

of C.  pyoge.n<v.> organ i sms is  summar i s e d  i n  tabl e ( 6 .  I I )  . The 

s h e ep did not react to inocu l ati on of up to 2 x 1 0 5 C . pyoge.n<v.> 

org an i sm s , but i no c u lation o f  4 x 1 0
7 

or greater did produce 

a reaction that appe ared to vary accord ing to the d o s e . 

S heep i no c u l ated with e i the r  4 x 1 0  
7 

or 6 x 1 0  
8 

COJc.y11e.bac.te)1.{.um 
pyoge.11<v.> o r gani sms 

Ob servations 

Three sheep , numbe r s  7 ,  8 and 9 were inoculated with 4 x 1 0
7 

C .  pyoge.11<v.> organi sms and two sheep , P l and P 2 were i n o c u l ated 

w i th 6 x 1 0
8 C .  pyoge.11<v.> organ1 sms . No reaction to the 

i noculum o c curred in sheep number 8 but the othe r four s heep 

r eac ted s im i l arly . The day a f te r  in oculation the sheep were 

l ame and the inj ected digit was s l ightly swo l l e n . The 

swe l l ing progre s s iv e ly inc r e a s ed as puru lent m�te� i a l  

accumul ated beneath the skin above the coron e t  ( F i g . 6 . 4 ) . An 

i ni ti a l  d i s charge of pus o c curred on day 7 ( Sheep P l )  day 1 0  

( Sheep P 2 )  day 1 9  ( Sheep 7 )  and day 2 0  ( Sheep 9 ) . T h e  l e s ion 

healed rapidly f o l l owing the d i s charge o f  purulent m at e r i a l  

and b y  d a y  3 0  the s heep were walk ing norma l ly . 

Radio logy 

The ea� ly rad iograph ic change s  were r e s tr i c ted to i n c r e a s ed 

r adiode n s i ty as soci ated with the accumu lat i on o f  pur u l e nt 

mater i a l  ( Fi g . 6 . 5 ) . By day 1 5  ( Sheep number 7 )  and day 1 9  

( Sheep number 9 ) , pro l i f eration o f  bone ad j acent t o  the 

per ioste um o f  the midd l e  pha l anx was ev ident ( F i g . 6 . 6 ) . Thi s 

boney change did not progre s s  and radiograph i c  j oi n t  change s , 

typi c a i  o f  foot abs c e s s  ( Chapter 4 )  d id not deve lop . 

Bacter iology 

Micros copi c  examination of smenr s o f  the initial pur ul e n t  

di s charg e , r evealed the p r e s e nc e  o f  numerous gram-pos it ive 

baci l l i . C OJc.y11e.bac.teA..i.wn pyoge.11<v.> wa s grown in pure c u l ture 

from the pus . 
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TABLE 6 . I I 

THE REACTION TO THE INOCULATION OF COJLyn.e.bac.t.exi..um pyoge.n.e.-6 
ORGAN I SMS INTO THE D I S TAL INTERPHALANGEAL JOINT OF S HEEP 

S h e e p  *No . o f  
Reac tion 

N o . 
D i g i t  

Organ i sms TYPE TYPE TYPE TYPE 
I I I  I I I  IV 

7 RFL 2 X 1 0 2 l 

8 LHL 2 X 1 0
2 

l 

9 RHL 2 X 1 0
2 

l 
" 

1 0  RFM 2 X 1 0
3 

l � 

l l  RHM 2 X 1 0
3 

l 

1 2  LFM 2 X 1 0 3 
l 

7 RHL 2 X 1 0
4 

- .,.....-
l 

8 LFL · 2 X 1 0
4 

l 

9 LHL 2 X 1 0
4 

l ( 
1.0 LFM 2 X 1 0

5 
l 

l l  RFM 2 X 1 0
5 l 

1 2  LHM 2 X 1 0 5 l 

8 RFL 4 X 1 0
7 

l 

7 LHL 4 X 1 0
7 ( 

l 

9 LFL 4 X 1 0 7 l 

P l  LHM 6 X 1 0 8 l 

P 2  LHM 6 X 1 0 8 l 

1 2  RHM 2 X 1 0
9 

l 

1 0  LHM 2 X 1 0 9 l 

l l  LFM 2 X 1 0
9 ( l 

I 
7 LFL sterile saline l 

8 RHL 11  11  l 

9 RFL 11  " 1 /) 
1 0  RHM 11  " 1 

1 1  LHM 11  " 1 

1 2  RFL " 11 1 
/ 

* Conta ined i n  0 . 2ml i noculum 

Key : LFL l e f t  f o r e  lateral d i g i t  LHL l e ft h i nd l a t e r a l  digit 
LFM l e f t  f o r e  medi a l  d i g i t  LHM l e f t  h i nd med i a l  d ig i t  
RFL r i gh t  f o r e  l a te r a l  d i g i t  RHL r ight h i nd lateral digit 
RFM r i gh t  f o r e  medi a l  d ig i t  RHM r ight h ind medi a l  digit 

P = pi lot 
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S h e ep inoc u l a ted with 2 x 1 0  
9 CMyne.bac.tVt-lum pyogene.-0 o rgan i sms 

Two of the thr e e  sheep that were i nocu l ated with 2 x 1 0 9 

o r g a n i sms r e a c ted s imi l a r ly . The other c a s e s , sheep number 

1 2 , r eacted i n  a s imi lar manner to that j us t  d e s cr ibed f or 

two o f  the s heep inocul a t ed with 4 x 1 0  
7 C . pyoge.neJ.> organ i sms 

and i s  not des cr ibed fur ther . 

Obs e rvatio n s  

The d ig it s  o f  s heep numbers 1 0  and 1 1  t h a t  had r e c e ived 

2 x 1 0
9 C . pyoge.n� organ i sms were swo l l e n  and p a i n f u l  2 4  hour s 

a f t e r  inj e c t i on . The swe l l i ng progr e s s ively increased 

( F i g . 6 . 7 )  and on day e i ght the ab s c e s s e s  above the coronet 

were lanced to a l low for bac teriologi c a l  exami nation of  the 

pu s . Pus a l s o  d i s c harged from the swo l l en interd ig i t a l  s pa c e  

( F i g . 6 . 7 ) . P u s  continued t o  d i s charge f r om the s e  s i te s  f or 

about thre e  weeks dur i ng whi c h  time the swe l l ing subs ided and 

the s h eep s tar ted putting weight on the f e et . Both sheep 

w e r e  s ti l l  l ame howeve r ,  4 5  day s af ter i no cu l ation , and the 

d i g i t  was m i s s hapen . 

Radio logy 

I n  both inoculated d i gi t s  the r ad i ogr aph i c  chan g e s  were 

r e s t r i c ted to s o f t  t i s su e  swe l l i ng for the f ir s t  f ive day s . 

By day s ix there wa s widening o f  the d i s ta l  interph a l ange a l  

j oi n t  space ( F i g . 6 . 8 a ) . Th i s  became more obvious b y  day 1 0  

a t  whi ch time there w a s  a l s o  l o s s  o f  d en s i ty o f  the 

subchondra l  bone ; ( F ig . 6 .  8 b ) . By day 1 7 , pro l i feration of 

bone ad j ac e n t  to the middle phalanx was evident and the 

d i s t a l  pha l anx was d i s p laced abax i a l ly in sheep number 1 0  

( F i g . 6 . 8 c ) . The d i s ta l  end o f  the midd l e  phal anx and the 

proximal e nd of  the d i s ta l  phal anx were prog re s s iv e ly erodea 

( F i g . 6 . 8 ) . By day 4 5 ,  much o f  the s o f t  t i s su e  swe l l ing had 

s u b s i ded and the new bone was we l l  d e f ined and 

smooth in ou t l ine , i nd i cating that r e s o lution was occurr i n g . 

P e rmanent d i sp l acement a nd d e formi ty were pr e s ent however . 

The s e  radiograph i c  c h ang e s  are s im i l ar to thos e  d e s cr ibed 

f or natur a l ly o ccur r i ng c a s e s  of  foot a b s ce s s  ( Chapter 4 ) .  
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Bac t e r i o logy 

G r am s ta ined smear s taken f r om the absce s s e s  above the 

c or o n e t  revea l ed the p r e s e nc e  of numerous gram- po s i t ive 

baci l l i , and a pure growth o f  C .  pyogc..n.e..o was o b ta i ned from 

the pu s .  
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F I GURE 6 .  4 a  and b 

The l e f t  h i nd foot o f  a )  sheep number P l  and b )  sheep 

numbe r  P 2 , s even day s a f ter the inocul at i o n  o f  

approximate ly 6 x 1 0  
8 

CO.Jr. yn.e.ba.c..tvr.J..um pyoge.n.e.-6 organ i sms 

i n t o  the di s t a l  interph a l angea l  j oint of the med i a l  

d i g i t .  

a )  S - swe l l i ng 

D - d i s charge 

b )  S - swe l l ing 



I 



1 1 3 .  

F I GURE 6 . 5  

Rad i o g r aph o f  the l e f t  h i nd foot o f  s he e p  

numb e r  P l , 9 d a y s  a f t e r  t h e  inocu lation o f  

approximate ly 6 x 1 0
8 

COJtyn.e.bac.tvr.illm pyoge.n.e.-6 

organi sms i n to the d i s ta l  i nterph a l ange a l  

j oi n t  o f  t h e  med i al d i g i t . 

a )  S - s o f t  t i s s u e  swe l l i ng 
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F I GURE 6 . 6  

Radiogr aph o f  the l e f t  fore f oot o f  sheep 

numbe r  9 ,  1 9  days after the i no c u l a t i on 

o f  approx im a t e l y  4 x 1 0 7 C . pyog�ne4 

organ i sms into the d i s ta l  interphal angeal 

j o i n t  of the lateral dig i t . 

S - s o f t  t i s sue swe l l i ng 

? - pro l i ferat ion o f  bone 
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F I GU RE 6 . 7  a ,  b and c 

The l e f t  fore foot o f  sheep number 1 1  f o l lowing 

the i n o c u l a t ion of approximately 2 x 1 0
9 

COJT..yne.bac.tVt.{um pyoge.ne..o organi sms into the medi a l  

dig i t . 

a )  D ay 3 

S - s o f t  t i s s u e  swe l l i ng 

b )  D ay 7 

S - s o f t  t i s s ue swe l l i ng 

c )  Day 1 3  

S - s o f t  t i s s u e  swe l l i ng 

T - s i nu s  tract s  
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F I GURE 6 . 8  a ,  b ,  c and d 

Rad iographs o f  the l e f t  h i nd foot o f  s h e ep 

numbe r  1 0  fol lowing the inoculation o f  

approximate ly 2 x 1 0 9 CMyne_ba.c:t.Vr.-<.um pyoge_nu 

organi sms i nto the d i stal  i nterpha lang e a l  j o i n t  

o f  t h e  med i a l  d ig i t . 

( a )  Day 6 

S - s o f t  t i s s ue swe l l ing 

W - wideni ng of the j oint space 

( b )  Day 1 0  

E - e r o s i on o f  bone 

S - s o f t  t i s s u e  swe l l i ng 

( c ) D ay 1 7  

A - abax i a l  d i s placement o f  t h e  d i s t a l  
pha lanx and the d i s ta l  s e s amo i d  

P - pro l i f e r a t i on o f  bone 

( d )  Day 4 5  

Much o f  the s o f t  t i s s ue swe l l i ng h ad r e gr e s s ed 
and the out l i ne o f  the bone that had 
pr o l i fer ated was smooth , ind i c a t i ng r e s o lu t ion . 
The d i s ta l  pha lanx and the d i s t a l  s e s amoid 
were di s p l a c e d  abaxi a l ly . 



a c 

d 
b 
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( c )  Sheep inocu lated w i th a m i xture o f  Ftu.Jobacte.ILI..Ltnl n.e.CILophMum 
and CO!L!Jn.e.bacte.�L .-ium pyoge.n. e. --6  organi sms

-
. 

The respons e o f  the sheep inj ected with a mixed inocu lum o f  

F .  n.e.CILophO!Lum and C .  pyoge.ne.--6 i s  s ummar i s ed i n  tab le ( 6 . I I I ) . 

I n  the de f i n i t iv e  tr i a l  the number o f  C . pycge.n.e.--6 organi sms 
4 

r emained con s tant at appr oximat e ly 1 0  and the numbe r  o f  

F .  n.e.CILophOJLum organi sms var i ed . N o  r e a c t i o n  was obs erved 

unt i l  the number o f F . n.e.CILophoiLwn organi sms inj ected r e ached 
6 7 

approx imately 6 x 1 0  to 1 0  . At thi s dos e the re s p o n s e  wa s 

onl y  trans i e n t , l a s t i n g  l e s s  than f our days . Howeve r ,  at a 

1 0  fold i nc r e a s e  i n  the n umber o f  F .  n.e.CIL ophOJtum orga n i sms 

i n j ected ( i . e .  5 x 1 0 7 
to 1 0

8
) a marked r eaction occurr�d , 

which i s  d e s c r ibed i n  mor e detai l b e l ow . 

Obs ervat i on s  

The s even d i g i ts whi ch developed a type I V  reac t i on were 

s wo l l en and painful 2 4  hours after i noculation . With i n  

s even day s , not only the inj e c t i on s i te , but the s k i n  above 

the abax i a l  corone t and the interdig i t a l  space wer e swo l l en 

( Fig . 6 . 9  and F i g . 6 . 1 0 ) . Purulent mater i a l  commenced 

d i s charg ing f r om the s e  s i tes b e tween days 8 and 1 2 , and 

c ontinued t o  d i s charge for the next f our weeks . During t h i s 

time some o f  the swe l l ing subs ided and the sheep s tarted 

putting wei ght on t h e  foot . However , a l l  seven s h e ep were 

s ti l l  l ame 5 6  day s a f ter the i n oc u l a t i on , and the d i g i t  

appeared t h i ckened a n d  m i s shapen . 

These chan g e s  are i nd i s tingui shable from tho s e  o f  natura l ly 

occuring f oo t  abs c e s s  ( Chapter 4 ) . 

Rad io logy 

For the f i r s t  five days af ter inoculation the r ad iograph i c  

changes w e r e  res tr i c ted t o  a n  i n c r e a s e  i n  the den s i ty o f  

th e s o f t  t i s s ue s  around the d i s tal interpha l ange a l  j oi n t , bu t 

by day seven the j oi n t  space wa s w idened and the subchondral 

bone a t  t h e  d i s tal end of the middle phalanx l acked d e f i n i tion 
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TABLE 6 . I I I  

THE REACTION TO THE INOCULAT I ON OF A M I XTURE OF Ftu.>obacA.:e.JL{.um 
n.e.CAoph MLWl AND CoJu{n.c.ba�ULWipl{Oge.M ORGAN I SMS INTO THE D I S TAL 

INTERPHALANGEAL JOINT OF SHEEP 

Reac tion 
Sheep 

No . 
D i g i t  * Number o f  org a n i sms 

C .  pyoge.n.e..o F .  n.e.vwphMum 
TYPE 

I 
TYPE TYPE 

I I  I I I  
TYPE 

IV 

LHM 
RFM 
RHM 
RHM 
RFM 
LHI'1 
RHM 
LHM 
LFM 
LHM 
LHM 
LFM 
RFM 
LFM 
LHM 
LHL 
LHM 
LFM 

1 0
4 + 6 X 1 0 5 

1 0
4 

+ 6 X 1 0
5 

1 0 4 + 6 X 1 0
5 

4 lJ 
1 0  + 1 X 1 0 6 

1 0 4 + 1 X 1 0 6 

1 0 4 + 1 X 1 0 6 

1 0 4 + 6 X 1 0 6 

1 0
4 

+ 6 X 1 0 6 

1 0 4 + 6 X 1 0 6 

1 0  4 
+ 1 X 1 0  7 

I 

1 0 4 
+ 1 X 1 0

7 

1 0 4 + 1 X 1 0 7 

1 0 4 
+ 6 X l0

7 

1 0 4 
+ 6 X 1 0

7 

1 0
4 + 6 X 1 0

7 

3 X 1 0
8 

+ 5 X 1 0
7 

3 X 1 0
8 

+ 5 X 1 0 7 

1 0 4 + 1 X 1 0
8 

1 0
4 + 1 X 1 0

8 

1 0 4 + 1 X 1 0
8 

s te r i le s a l ine 
11 11 

11 11 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 3  

1 4  

1 5  

1 6  

1 7  

1 8 

1 3  

1 4  

1 5  

1 6  

1 7  

1 8 

1 3  

1 4 

1 5  

P 5  

P 6  

1 7  

1 6  

1 8 

1 3  

1 4  

1 5  

1 6  

1 7  

1 8 

RFM 
RHM 
LFM 
RHM 
RFM 
LFM 
RFM 
RFM 

11 1 1  (., '.. } 

1 

1 

1 

1 

1 

1 

11 11 

11 11 

* Contained i n  0 . 2m l  inoculum 

Key : LFL l e f t  fore l a te r a l  dig i t  
LFM l e f t  fore med i a l  d ig i t  
RFL r i gh t  fore l a t e r a l  d i g i t  
RFM r ig h t  f ore medi al d i g i t  
P = p i l o t  -

LHL l e f t  h i nd l a t e r a l  d ig i t  
LHM l e f t  h i nd med i a l  d i g i t  
RHL r i ght hand l a t e r a l  11 

RHM r ight hand med i a. l  11  
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( F i g . 6 � 1 1  a nd Fig . 6 . 1 2 ) . There was progr e s s i v e  eros ion at 

the e nds of the mid d l e  and d i s ta l  pha lange s .  Gros s  abax i a l  

d i spl acement o f  t h e  di s t a l  phal anx and th e d i s t a l  s e s amo id 

o ccurred i n  sheep number PS by day 12 ( F i g . 6 . l ld ) , 

p r obab ly due to rupture o f  the ax i a l  c o l l at e r a l  l ig amen t s  

and t h e  i nterdig i t a l  l igament ( Chapter 3 ) . Pro l i feration 

of bone ad j acent to the per i o s teum o f  the midd l e  pha lanx wa s 

evident by day n i n e , and thi s  progr e s sed to eventua l ly cover 

much o f  the s u r f a c e  of th i s  pha lanx ( F i g . 6 . 1 1 and F ig . 6 . 1 2 ) . 

Exos to s e s  a l s o  d ev e loped about the d i s t a l  end o f  the f i r s t  

phalanx o f  the i nocu lated d i gi t . 

F i fty s ix day s  a f te r  inocu l at i on , much o f  the s o f t  ti s su e  

swe l l ing had subs ided and the r e  w a s  better a l i gnment betwee n  

t h e  midd l e  and d i s ta l  ph a l ange s .  The i n f ec t i o n  had reduced 

the midd l e  pha l anx to about half its o r i g i n a l  l ength and the 

n ew bone that had dev e loped about the pha lang e s  was smo o th 

and we l l  def ined i n  out l in e , i nd i c a t i ng th at r e s o lu t i on was 

occur r i ng . 

The s e  r adi ograph i c  c hang e s  are i nd i s tingui shab l e  from tho s e  

o f  n atur a l ly occurring c a s e s  o f  f o o t  abs c e s s  ( Chapter 4 ) .  

Bacter i o l ogy 

Gram s tained sme a r s  taken from ab s c e s s e s  at the coronet 

revea l e d  the pre s ence o f  numerous gram - negative f i l aments 

and g r am-po s i ti v e  bac i l l i . FU-Oobac.te.Jt-i..um ne.c.Jt ophMum and 

C .  pyoge.ne..o only were c u l tured . 
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F I GURE 6 . 9  a ,  b ,  c ,  d ,  e and f 

Gros s  c h an g e s  o f  the l e f t  h i nd foot o f  s h e e p  numbe r  

P S , f o l l ow i ng t h e  inoculat ion o f  Fu--�o ba.c.tVz..{.u .. m n.e..CAophOJtum 

and COJt y n.e..ba.c.tVz.-<..um pyoge..n.e....o organ i sms into t he d i s t a l  

i n terpha langeal j oi n t  o f  t h e  lat er a l  dig i t . 

( a )  Day 5 - T h e  i n j ected d i g i t  w a s  swo l l e n , 

par ticularly above the coron e t  on 

the abaxi a l  a s p ec t .  

( b )  D ay 9 - There was cons i derab l e  swe l l i ng both 

above the coronet and i n  t h e  i nterd i g i t a l  

spac e . Pur u l e n t  mat er i a l  d i scharged from 

·the s e  s it e s . 

( c )  Day 1 4  - S ome o f  the S"�lle l l ing had subs ided but 

pur u l e nt mate r i a l  was s ti l l  d i s charg i ng 

from a number o f  s i nu s e s . 

( d )  D ay 1 9 - The puru lent d i s char g e  had dimin i s h ed 

ar.d much o f  the swe l l ing had subs i ded . 

( e  & f )  Day 5 6 - The i nocu l ated d i g i t  w a s  l e f t  s l ightly 

thickened and deviated abax i a l l y . Ther e  

w a s  a sma l l  growth o f  t i s sue i n to the 

i nt e rd i g i ta l  space a t  one o f  the p o i n t s  

o f  previous di s charge . 
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F I GURE 6 . 1 0 a ,  b ,  c ,  d ,  e and f 

Gro s s  c hanges o f  the l�f t  h i nd f oot of sheep number P 6 , 

fol low i ng the inoculation o f  FMo bac.tvr.{.um ne..CA ophOJr.um and 

Co)[yne..bac..tVt{.um pyoge..ne..J.> org a n i sm s  into the d i s t a l  i n t e r ­

pha lang e a l j oint of  t h e  medi a l  d i g i t . 

( a )  D ay 5 - The inj e c ted d i gi t wa s swol l e n . 

( b )  D a y  9 - The swe l l i ng had i nc r e a s ed c on s i de r ab ly ,  

particu l ar ly i n  the interd i g i t a l  a r e a  

and above t h e  aba x i a l  coronet . The 

" ab s ce s s " di s charged pus at the s e  two 

s i tes commenc i ng on day 1 2 . 

( c )  Day 1 4  - S ome o f  the s we l l ing had sub s ided wi th 

the for� a t i on of s inus trac t s  above the 

coronet and i n terd i g i t a l ly . 

( d )  D a y  1 9  - The pur u l e nt d i s ch arge had ceased and 

the s in u s  tracts were covered by s c ab 

materia l .  Mu ch o f  the swe l l ing h ad 

subsided . 

( e  & f )  Day 5 6  - The i no cu l ated dig i t  was l e f t  s l ightly 

thickened and devi ated abax i a l l y . There 

was a sma l l  growth of tissue into the 

in terdi g i ta l  space at one o f  the po i n t s  

of  prev i o u s  d i s charge . 
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F I GU RE 6 , 1 1 a ,  b ,  c ,  d ,  e and f 

Rad iograph i c a l ly vi s ib l e  change s  o f  the l e f t  h i nd f oo t  

o f  sheep numbe r P S  f o l low i ng the inocu l ation o f  

Fu..oobac.tvr.-i.um n.e.CAophMum and CoJtyn.e.bac..te./1.-i.um pyoge.n.e./.) organi sm s  

i nto the d i s ta l  interpha l ange a l  j oi nt o f  the l a t e r a l  

d i g i t .  

( a )  Day 5 - There was i n cr e a s ed r adioden s i ty about 

the inoculated d i g i t , indi cating the 

extent of the s o f t  t i s sue swe l l ing . 

( b )  Day 7 - The d i s tal interphal ang e a l  j oi n t  s pace 

was widened and the r e  wa s a l ack of  

d e f i n i t ion of  the d i s ta l  end o f  the 

midd l e  pha l anx . 

( c )  Day 9 - The di s ta l  i nterph a l ang e a l  j oi n t  s p a c e  

h a d  i ncreased i n  w i d th . Bone had 

pro l i f erated ad j ac e n t  to the midd le 

pha l anx ( �r rowed ) . 

( d )  Day 1 2  - The d i s ta l  pha la nx and the d i s t a l  

s e s amoid were d i sp l aced abax i a l ly and 

the d i s t a l  end o f  the middle phalanx 

was eroded . 

( e )  Day 1 9  - S om e  o f  the s o f t  t i s s ue swe l l i ng had 

sub s ided , but ther e was gre a te r  e r o s i o n  

of t h e  d i s t a l  e n d  o f  t h e  middle pha l anx 

and o f  the proxima l end of  the d i s t a l  

phalanx . 

( f )  Day 5 6  - Much o f  the s o f t t i s su e  swe l li ng had 

s ub s i ded and the d is t a l  pha l anx w a s  

b e t t e r  a l igned wi. th the o t h e r  pha l ange s .  

The m i dd l e  phal anx had been r educed to 

about half of i t s  or i g inal length . The 
' 

new bone that had become e s tabl i s he d  

abou t th e proxima l ,  midd le a n d  d i s ta l  

pha lang e s  was smooth i n  out l in e , 
i nd i ca t i ng the s t age o f  r e s o l u t i o n . 
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F I GURE 6 . 1 2 a ,  b ,  c ,  d ,  e and f 

Radiograph i ca l ly v i s ib l e  chang e s  o f  the l e f t  hind foot o f  

sheep number P 6  f o l lowing the i n o c u l a t ion of F� oba�teA�m 

vuz.c.JtophOJr.wr. and COJr.yne.bac.teA�um pyoge.ne.-6 organi sms in to the 

d i s tal i nterpha l angea l  j o i n t  o f  the med i a l  digi t .  

( a )  Day 5 - There was incre a s ed r ad iode n s i ty about the 

i nocu l a ted d igi t , i nd i c at i ng the extent o f  

the s o f t  t i s s ue s w e l l ing . 

( b )  Day 7 - The r e  was a lack o f  de f i n i t i on o f  the d i s ta l  

e nd o f  the midd l e  pha l anx . 

( c )  Day 9 - The d i s t a l  i n te rphalangea l  j oint s p a c e  w a s  

wi dened and t h e  bone s formi ng t h e  j oi n t  were 

eroded . Bone had pro l i fe rated adj a c e n t  to 

the midd le phalanx ( ar rowed ) . 

( d )  D ay 1 2  - T he r e  wa s further widening o f  the d i s ta l  

i nterpha l a ng e a l  j o int s pace and e r o s i o n  o f  

the bones forming the j o int . The a c c umu l a ted 

pus was on the point o f  d i s char g i ng f r om the 

swo l l en are a above the abax ial coronet . 

( e )  D ay 1 9  - S ome o f  the s o f t  t i s sue swe l l i ng had subs ided 

but the re was mor e  bone prol i fe r a t i on about 

a l l  pha langes o f  the inocu lated d i g i t . 

( f ) D a y  5 6  - Much o f  the s o f t  ti s sue swe l l ing had 

subs ided . The midd l e  phalanx had b e e n  

reduced to about ha l f  i t s  or i g i n a l  l ength 

and the bone tha t  had proli ferated about 

the pha lang e s  w a s smooth i n  outl i n e , 

indicating the s tage o f  r e solutio n . 
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D I SCUSS ION 

The r e s u l t s  demon s tr ate a r e l ative ly con s i s tent r e spon s e  

pattern t o  the i nocu l at ion o f  bacter i a  into the d i s t a l  

i n t erph a la ngeal j o i n t , a n d  mi nor anoma l i e s  occurred in o n l y  

t h ree i n s tance s . I n  the s e  i n s tance s , one out of  the three 

i nocul ated d ig i t s  e i th e r  f ai l ed to react or r eacted l e s s  

i n ten s e ly . Such mi nor d i f f erenc e s  are not unexpected with 

the inherent errors o f  the techniqu e s  u sed i n  the exper ime n t . 

The d i g i t s  were prepa r e d  for i n j e c t i on a s  i f  for a s urg i c a l  

pro cedur e ,  u s ing antibacte r i a l  preparations that could hav e  

a f f ected the viabi l i ty o f  t h e  i nocu lum i f  there had been 

contact between them . There may a l s o  have been d i f f e re nc e s  

betwee n  s heep i n  the s i te that the inocu lum w a s  depo s i ted . 

Fu rthermore the r e s i s t an c e  o f  the i nd ividua l sheep to the 

c h a l l enge was not known . 

One o �  the d i f f i cu l t i e s  o f  th i s  experiment was to provide a n  

a c cur a t e  e s timate o f  the number of  organi sms i n j e cted . I t  

w a s  cons idered that v i ab l e  colony coun t i ng i n  t r i p l i cate 

wou ld prov ide the mos t  accu rate count , but even with thi s 

t e chnique inaccur ac i e s  undoubted ly occurred . For thi s 

r ea s on , the f igur e s  g iven should be taken a s  an e s t imate 

only . D e s p i te th i s  d i f f i c u l ty the r e s u l t s  were r e l ative l y  

c on s i s te n t  and s im i l ar to the f i ndings o f  Roberts e t  at . 

( 1 9 6 8 ) . The se autho r s  did not s ta t e  how the i r  f igure s were 

derived . 

The r e s u l ts con f i rm that a cond i t ion o f  foot abs ce s s , 

c lini c a l ly and r ad iograph i c a l ly i nd i s tingu i s hable f rom 

natur a l ly occur r ing c a s e s , can be r eproduced by the 

i nocu l a t ion of a m ixture of F .  necJtophOJtum and C .  pyogene.�.> 

orga n i sm s  i nto the d i s ta l  interpha l ang e a l  j o int of sheep . 

I n  add it ion , i t  was d emon s tr ated that a s im i l ar reaction 

could b e  reproduced b y  inocu l ating r e l a t i v e l y  large numb e r s  

o f  pur e  cultures o f  e i th e r  organi sm i n t o  the s ame j oi n t . 
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Unfortu n a t e l y  there wer e i n s u f f i c ient inocu l at i o n s  o f  

F .  ne.cAophoJtum org ani sms o n  the i r  own , between the do s e  range 

1 0
4 

and 1 0
1 0 to be abl e to s tate conc lus ive ly that the 

add i ti on o f  10 4 C . pyoge_ne_.o organisms to the i nocu lum was 

capa b l e  of r e du c i ng the d o s e  of F .  ne.c.Jtophokum requi red to 

reprodu c e  foot absce s s , f rom 1 0
1 0  

down to 1 0
8 

org an i sm s . 

Howev e r  the r e s u l t s  from the pi l o t  trial  u s i ng a smal l  

number o f  sheep demonstrated the mutually bene f i c i a l  action 

betwee n  F .  ne.cAophMum and C . pyoge_n.e_.o , a feature of the m ixed 

cul tur e f ir s t  r e ferred to in the context of f oo t  abs c e s s  by 

Rob e r t s  ( 1 9 6 7  a & b ) . Although o n ly h a l f  the numbe r  o f  

each s pe c i e s  o f  organ i sm w a s  inj e c ted , the comb i nation of  the 

two r e su l ted in the dev e l opm e n t  of foot abs ce s s , where a s  

inocu l at ion w i t h  the f u l l  number of  e i ther spec i e s , d i d  not . 

The s e  r e s u l t s  l end s trong s u ppo r t  to the i n terpre t a t i on 

placed o n  the outcome o f  s i m i lar s tud i e s  car r i e d  out by 

Rober t s  et al .  ( 1 9 6 8 ) . The s e  author s he ld the v i ew that the 

gre a t e r  p athogeni c i ty of the mixed i nocu lum w a s  a s s o c i ated 

with i ncrea s ed pr ol i fe r ation o f  each organ i sm in the pre s en c e  

o f  th e other . I f  that i s  true f or the s o f t  t i s s ue s i te , i t  

wou l d  s e em t o  b e  equ a l l y  s o  f or inoculation i n t o  t h e  di s t � l  

i n te rp h a l angeal j o int, wh ich give s r i se subs equen t l y  to f oo t  

ab s ce s s . 

I n  r eproduc i ng foot abs c e s s  by the i nocu l at ion o f  bacteria i nto 

the d i s t a l  i n t e rphalang e a l  j oint , the c l in i c a l  and radio­

graph i c  change s  produced could be r e l a ted to the time of  

j oi n t  i n f ec t i o n . The s e  chang e s  were r emarkably con s i. s tent 

a nd i t  i s  po s s i b l e , knowing thi s  s equ ence o f  event s , to 

e s t imate the t ime o f  j oi nt i n f e c ti on i n  n atur a l ly occur r i ng 

c a s e s . For the f ir s t  f ive day s a f te r  i noc u l a t i on , the 

radi ogr aph i c  changes wer e r es t r i c t ed to s o f t  t i s sue swe l l i ng 

about the j oi n t .  By day s even there was r ad i ograph i c  

evidence o f  j oi n t  infec tion , wh i c h  w a s  s hown a s  widen ing o f  

the j oi n t  s pa c e  and los s o f  den s i ty of  the subchondra l  bone . 

I t  i s  evi dent then , tha t  i f  r ad i ograph i c  j oi n t  change s  a r e  

pre s e n t , the in f ection h a s  b e e n  i n  the j oi n t  for a t  l ea s t  

s ev e n  days . Furthermore pro l i f er at ion o f  bon e  ad j acent to 
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the perios teum was f i r s t  observed n i ne days a f ter j o int 

inoculation . Ther e was i ncrea s i ng p r o l i f eration o f  bone , 

e sp e c i a l ly abou t  the middle phal anx but a f ter three t o  f our 

weeks the foot ab s c e s s  began to r e s o lv e , the swe l l i ng 

subs ided and t h e  o u t l i n e  of  the new bone became smooth and 

we l l  d e f i ned . The s e  r ad i ograph i c  change s are s im i l ar to 

tho s e  recorded in j oint i n fect ion o f  cattle ( Gr ee nough �t a l . ,  

1 9 7 2 ; Ver s chooten and D e  Moor , 1 9 7 4 ) . 

Al though i nocu l a t ing bacter i a l  c u l tures i nto the d i s ta l  

i n te rpha lang e a l  j o int o f  s heep reproduce s  foot abs ce s s , i t  

d o e s  not help t o  exp l a i n  how the i n f e c ti o n  reaches the 

j oi nt in natur a l l y  o c c u r r i ng c a s e s . Chapter 7 dea l s  w i th 

an experimental appro ach to that p a r t i c u l ar a s pe c t  o f  foot 

abs ce s s . 
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SUMMARY AND CONCLUS I ONS 

( l )  Foot absce s s  was reproduced by inoculating a mixture 

o f  F .  ne.c.AophOJtum and C . pyoge.ne..o organ ism s  i nto the 

d i s tal i nt e r ph a l ange a l  j oi n t  o f  s h e e p . 

( 2 )  The r eprodu c t ion o f  foot absce s s  by the i no c u l ation 

of a mixture o f  F .  ne.c.AophOJtum and C .  pyoge.ne..o organ i sms 

into the d i s ta l  i nterphal angeal j oi n t , s uppor ts the 

v i ew that f oo t  ab s c e s s  i s  an i n f e c t i on o f  that j oi n t  

wi th thos e organi sms . 

( 3 )  Rel atively greater number s o f  s i ng l e  s p e c i e s  o f  e i ther 

F .  ne.c.A ophoJtum or C .  pyoge.ne..o were a l s o  c apab le of 

r eproducing foot ab s c e s s  when inocu lated into the 

d i s tal interpha l angeal j oint o f  sheep . 

( 4 )  The e xper imen t a l  reproduc�ion o f  f oot abs c e s s , 

permi tted a t ime/change r e lationship to be e s tab l i shed , 

s o  th at the t ime o f  j oi n t  i n f e c tion can be e s tab l i shed 

i n  n a tur a l l y  oc curr i ng cases . I n f e c t i on mu s t  be 

pre s ent i n  the j o int for a t  lea s t  s ev e n  days be fore 

r ad iograph i c  j oi n t  changes are ob s e rved . 
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INTRODUCTION 

The d i r ect i no cu l ation of F .  rH?.cAophOJtu.m and C .  pyoge.Y!.e...o organi sm s  

i n t o  the d i s t a l  i n terpha l a ngea l j o i n t  has been shown to 

reproduce foot ab s c e s s  ( Chapter 6 ) , but this doe s not 

expl a i n  how t h e  bacte r i a  reach the j oi n t  in natura l ly 

o c cu r r i ng c a s e s . I t  has be en s u g g e s ted that the mos t  l i k e l y  

route of  i n fe c t i on i n to the j oi n t  i s  v i a  the i nterd i g i t a l  

s p a c e  ( Eger ton e. t  a.f.. , 1 9 6 6 ) , u s ua l ly a s  a s equel to ovine 

i n terd i g i t a l  dermati t i s ( Robe r t s  e.t af.. ,  1 9 6 8 ) . Thi s  

sugg e s tion was bas ed on the observa tions that : -

a )  both foot c o nd i t ions wer e  p r e s e n t  i n  the s ame f lock 

s imul taneou s ly ;  

b )  i n  seve r a l i ns tances foot ab s c e s s  had been pr e c eded 

by ovi ne i n terdig i ta l  derma t i t i s , and 

c )  the bacte r i a l  f lora of  the two conditions were 

s imi l ar . 

A l l  o f  the s e  obs ervat ions have a l s o  been made by the author 

( Chapter 4 and Chapter 5 )  and i n  addi tion the anatom i c a l  

s tudy ( Chapter 3 )  has demons tra ted the vulnerab i l ity o f  the 

d i stal i n terphalang e a l  j o int to i n fe c t i on from the inter­

d i g i ta l  a s p ec t . 

F urther eviden ce i n  f avour of the interdigi tal space be i ng 

a n  important route o f  i n f e c t i on was the ob s ervations o f  

L i tt l e j ohn ( 1 9 7 2 )  and Hooper a n d  Jone s ( 1 9 7 2 )  t h a t  inter­

d i g i tal t i s s u e  damage fol low i ng the m i s use of  forma l i n  

permitted t h e  e ntry of pathog en i c  org a n i sms i nto t h e  d i s t a l  

i n terpha l angea l  j o int of  sheep . 

A lthough the r e  i s  evidence that fvot ab sce s s  c a n  r e s u l t  a s  a 

s eque l to ovi n e  i nt erdig i t a l  derma t i t i s  and thi s  l a tter 

condit ion c a n  be reproduced exper imen t a l ly ( P ar s on s on e.t af. . ,  

1 9 6 9 ) , i t  h a s  not been pos s ib le to r eproduc e  f o o t  a b s c e s s  by 

man i pu l at i ng the under foot cond i t i o n s  a lone . The 

experime n t s  r eported here were d e s igned to i n d i c a t e  what 

further reduc tions in the hos t s  r e s i st ance were n ec e s s ary to 
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a l low the invas i on o f  bacter i a , parti c u l a r ly F .  ne.CAophOJLum 

and C . pyoge.ne.._,� i nto the d i s tal i nterpha l ange a l  j oint . Th i s  

w ou ld pr ovide a mor e natur al me thod of r e production than the 

d i rec t j o int i no c u l a t i on of the bacter ia , and might help 

exp l a i n  the pathoge ne s i s  of  i nfection i n  fie ld cases o f  

foot abs ce s s .  

Th is work was u nder taken in two parts . P art A was a p i lot 

trial to inves t i g a t e  me ans of  c r e a t i ng s u itable t i s sue 
' 

d amage and Par t  B w a s  a more extens ive trial u s i ng one o f  

the mor e  promi s i ng techn iques . The s e  a r e  pr e s ented 

s epar a t e ly . 

PART A :  THE AS S E S S MENT OF METHODS OF I NTERD I GITAL T I S SUE 
DAMAGE 

INTRODUCTION 

I t  i s  poss ible to create t i s sue damage by a numbe r  of means , 

but this  p i lo t  t r i a l  w a s  limi ted to i nvestigating two o f  

the s e ; chemi c a l  d amage u s ing c a l c ium c h loride and cold 

expos ure u s ing l i quid n itrogen . I n · addi tion all  sheep w e r e  

expos ed t o  we t ,  f a e c a l  contaminated underfoot cond i t i on s , 

becau s e  foot ab s c e s s  o c curs und e r  such cond i t ions natu r a l ly 

( Ch apter 5 ) .  

Corticos teroi d s  h av e  a mu lti tude o f  e f f e c t s  on many o f  the 

stages in i n f l ammatory and immune pro c e s s e s  ( Pa rr i l l o  and 

Fauc i , 1 9 7 9 ) , and have been u s ed exper ime nt a l ly to suppr e s s  

the imrnuni t y  o f  m i c e  to F .  ne.c.Jwph OJt um infection ( Coy l e ­

Denn i s  and L aue rman , 1 9 7 9 ) . For thi s  r e a s o n  s ome o f  the 

sheep in the tr i al wer e  trea ted w i th b etametha sone .
1 

l .  Betsolan , G l axo , New Zealand . 
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MATERIALS 

Sheep and underfoot condi t i on s  

Twe l v e  Romney ewe s we r e  i de n t i f i ed with e a r  tags and housed 

indoor s .  The f loor of  a 2 . 5  me tre square pen wa s l iberal ly 

spr i 1:k l e d  with fresh sheep f ae c e s  and water added t o  a depth 

of 3 cm . To c ompensate f or evaporation , water was added to 

the pen dai ly s o  that the s h eep ' s feet wer e  cons tan t ly 

expos ed to wet faeces ( F i g . 7 . 1 ) . 

Bacte r i a l  c u l ture 

U s i ng a s imi l ar technique to that descr ibed i n  Chapter 6 ,  

c u l tures o f  F .  n.e.CAophMum and C . pyoge.n.Ul were mixed to pr ovi d e  

approx imate ly 7 x 1 0 6 F .  n.e.CJ1 ophoJtLW1 and 3 x 1 0 6 C .  pyoge.n.Ul 

org a n i sms i n  0 . 2  ml o f  i n o c u l um .  Admi n i s tration was by 

subcu t aneous i n j e ction . 

Cor t i co s teroid treatment 

A s i ng l e  i n j e ction of 4 mg of betamethas one w a s  admin i s tered 

s ub c utaneou s ly i n  the neck region . 

Liqu id ni trogen treatme n t  

S h e e p  w e r e  anaes the tised w i th pentobarbitone s o d ium and l i qu i d  

n i tr o g e n  wa s appl ied t o  t h e  centre o f  t h e  i nterd i ta l  s pace 

o f  each foot , via a funne l ( F i g . 7 . 2 ) . The i n te r n a l  

d i ameter o f  the funne l  end , i n  conta c t  w i th t h e  s k i n  was 

Srnm . Liquid n i trog e n  was i n  c ontact with the i n terdig i t a l  

sk i n  ( before vapor i z at io n )  f or between 1 2 0  a n d  1 8 0  seconds . 

C a l c i um chloride tre a tme n ·t 

O n e  rnl . o f  1 0  percent c a l c ium ch lor i de was i n j ected sub­

cutaneou s ly i n  the centre of the interd i g i t a l  space . 
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F IGURE 7 . 1  

A s ec t i o n  o f  the pen whi ch was covered to a depth 
o f  3 cm . with a s l urry o f  wet faece s . 





1 38 .  

F I GURE 7 . 2  a ,  b a nd c 

The app l i c a t i o n  o f  l iquid n i trogen to the i nter ­
d i g i t a l  s pa c e  o f  s heep . 

a )  Th e l i qu i d  n i trogen i s  poured into the funne l 
w h i c h  i s  h e l d  f i rm l y  agains t the i nterdi g i t a l  
s k i n . Upon contact w i th the s k i n  the l iquid 
n i trogen vapor i z e s . 

b )  Immedi at e l y  a f ter the l iquid n i trogen has 
vapor i z ed the f unnel  was remove d  l e aving the 
interdi g i t a l  t i s s u e s  i n  a f r o z e n  s tate . 

c )  Te n m i nu t e s  a f ter the appl i c at io n  o f  l iquid 
n i trogen , the interd i g i ta l  area i s  
hyperaem i c , and o edematous . 
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METHODS 

The twe lve sheep were a rbi trar i ly a s s igned to one o f  four 

g r oups , A B C and D .  The sheep were maintai ned i n  the 

pr epared pen for 7 days be fore the spec i f i c  treatments were 

app l i ed and for a f�rther 2 1  days , a f ter whi c h  they were 

moved to dry sur roundings for 6 days . The tr i a l  was then 

c o nc luded . 

Th e four groups were tr e a ted according to the s chedu l e s  

shown i n  Tab le ( 7 . I ) . 

TABLE 7 . I  

THE SCHEDULES OF TREATMENTS USED TO AS SESS METHODS OF INTER­
D I GITAL T I SS UE DAMAGE 

' 

Sheep 
Treatment app l i ed 

Group 
No . Day l Day 2 Day 3 

l liquid n i trog e n  

A 
2 l iqu i d  n i trogen I betamethason e  

3 l iquid n i trog en ba.cter i a l  cu l t . 

4 l iquid n itrogen 
i 

be tamethasone ; bacter i a l  c u l t . 
I 

5 c a l c i um chloride 
I 6 c a l c ium chloride betamethasone 

B 
7 c a l c i um ch lor i de bacter i a l  c u l t . 

8 c a l c i um chlor i d e  betame thasone bacter i a l  c u l t . 

9 bacte r i a l  cu l t . 
c 

1 0  bacte r i a l  c u l t . 

l l  control -

no t r e a tment 
D 

1 2  c o n tr o l  -

no tr e a tment 
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A s s e s sment 

The sheep were exam ined d a i ly for s igns of l amene s s  
' 

swe l l ing , o r  damage to the i n t e rd i g i t a l  t i s su e s  a nd where 

appropr i ate , photograph s  and r ad i ograph s were taken in a 

s imi l a r  manner to that d e s cr ibed i n  Chapter 4 .  

At the c o n c l u s i o n  of the tr i a l  on d ay 2 7 , the s h e ep were 

s l augh t e r ed and the d i s ta l  i n terph a l angeal j o i n t s  opened 

wi th a s ca lpe l ,  to exami ne the extent of the t i s s ue 

damage . 

I n  i n s t ances where pus was p r e s e nt i n  the d i s t a l  inter­

phalang e a l  j oi nt , the puru l en t  ma terial was examined 

mi cr o s copica l ly f o l low i ng s taini ng by Gram • s method and 

cul tured both aerobica l ly and anaerob i c a l ly on f ive 

per c e n t  s heep b lood agar . 

RES ULTS 

Untrea ted c ontrol sheep 

The i nt e rdig i t a l  skin of a l l fe e t  of the two control sheep 

became mi ldly inf lamed , presumab l y  from the c o n s tant 

wetting , but t h i s  did no t r e s u l t  i n  lamene s s  and the 

i nterd 1 g i ta l  s ki n  r emained i ntac t .  

Liqu id nitrogen as a necro t i s i ng agent 

Observat io n s  The app l i ca t i o n  o f  l iquid n i trogen t o  the 

i n t e r d i g i t a l  s pace , d amage d  the i nterdi g i t a l  s k i n  

s u f f i ci e n t l y  to c ause l amen e s s  i n  a l l  feet the d a y  a f ter 

tre a tmen t .  Wi thin thr e e  days the interdig i t a l  skin appeared 

i n f l amed and necroti c ,  ( F i g . 7 . 3 and Fig . 7 . 5 ) , and by day 

eight the d i s c  of contact was beg inning to s lough from the 

i n te r d i g i t a l  s p ace ( Fi g .  7 . 4 ) . The s loughing o f  the 

dillnaged interdigital ar e a  was completed by day 1 4 , l eaving 

a d e ep u l c e r . I n  the 11  i n s tanc e s  i n  wh i c h  i n f e c tion 
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b e c ame e s tab l i s hed i n  the di s ta l  i nterpha lang e a l  j o i n t  

( Tabl e  7 . I I ) , t h e r e  was a s i nu s  t r a c t  d i s charging pu s i n t o  

th e damaged i n terdi g i t a l  a r e a  ( F i g . 7 . 5 ) , and swe l l i ng was 

pre sent above the c or one t on the abax i a l aspect o f  the 

d i gi t . The feet a f f ec ted in th i s  way were painful and the 

sheep wer e  r e c umbent for long p er i ods , e s pe c i a l l y  wher e  

mor e  than o ne foot was a f f ec ted . I n  thr ee i n s tance s ,  both 

dig its of  the o ne foot were swo l l e n . 

Rad i o logy 

Radio logy o f  the f e e t , reve a l ed the pre s ence of  i n f e c t i on 

i n  the di s ta l  i nterph a l ange a l  j o i n t  i n  1 1  of  the d i g i t r  o f  

t h e  four sheep i n  group A .  The r e  was s o ft t i s s u e  swe l l i ng 

about the d i g i t  and the di s ta l  i nt e rpha l ang e a l  j o i n t  spa c e  

w a s  widened ( F ig . 7 . 6 ) . The d i s ta l  end of the midd l e  

pha l anx w a s  e r oded , i ndi cating t h e  extent o f  the i n f e c t i o n . 

I n  some c a s e s  the d i s ta l  pha l a nx a nd the di s ta l  s es amo i d  

wer e d i s p l a c e d  abaxi a l ly , sugg e s t i ng that the a x i a l  

co l l atera l  l i g aments and the i nterdi g i tal l igamen t h a d  a l l  

r uptured ( F i g . 7 . 6 ) . New bon e w a s  appa rent ad j ac e n t  to 

th e per i o s t e um , part i cu l ar l y  that of  the midd l e  pha l anx . 

The s e  r ad iographic change s a r e  i d e nt i c a l  to tho s e  s een i n  

natural ly o ccurring c a s e s  o f  f o o t  ab s c e s s  ( C hapter 4 ) . 

Gro s s  Pa tho logy 

In tho s e  f e e t  i n  wh i c h  i n f e c t i o n  had not involved th e 

d i s ta l  i nterph a l angeal j o int , t h e  interdig i ta l  s k i n  wa s 

h e a l i ng and no s inus tracts w e r e  v i s ible . I n  contr a s t , 

in  the 1 1  di g it s  that deve loped a cond i tion o f  foot ab s ce s s , 

s i n u s  tr a c t s  di s charged pus into the damaged i n t erdi g i t a l  

spa c e  ( F i g . 7 . 5 ) . Ther e  was c o n t i nu i ty between t h e  i n ter­

digital l e s i o n , th e di s ta l  i nt e r phal angea l  j o i n t  and the 

swo l len a r e a  abov e the abax i a l  c orone t . The d i s ta l  i n te r ­

pha l a ngea l j o int was i n  var y i ng s tage s  of  d e s tru c ti o n . 

P u s  was pre s ent and the bone s f o rming the j o int , e sp e c i a l ly 

the d i s t a l  end o f  the midd l e  pha l anx , wer e  di s c o loured and 

necrot i c  ( F i g . 7 . 5 ) . In 9 of the 11 infected j oi nt s  the 
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TABLE 7 . I I 

THE D IGITS THAT DEVELOPED INFECTION I N  THE D I S TAL INTER­
PHALANGEAL JO INT FOLLOWING L IQU I D  N I TROGEN TREATMENT . 

I i Sheep D ig i t  
I n f e c t i on P r e s e n t  I n f ec ted d i g i t s /  

i n  the Jo int sheep digi ts 

I L e f t  I for e  l a t e r a l  -

I medial -
I 

i Right fore l ater a l  -: 
j med i a l  - 0 / 8  

1 
: L e f t  hind lateral -

medial -

I Right h ind l a ter a l  -
I 

med i a l  -

Le f t  fore lateral -

med i a l -

Right f or e  l ateral + 
medial -

4 / 8  2 
L e f t  hind lateral -

medial + 

Right h i nd l ater a l  + 
medi a l  + 

L e f t  f o r e  lateral -

media l + 

Right f o r e  l ater a l  -

3 medi a l  -
2 / 8  

Le f t  hind lateral -

medi a l  -

Right h i nd lateral -

med i a l  + 

Le f t  f o r e  l ater a l  + 
m ed i a l  + 

Right fore later a l  -

med i a l  + 
4 

Le f t  h i nd l atera l  
5/8  

+ 
med i a l  + 

Ri ght h i nd lateral -

med i a l  -

I 

' 
i 
: 

i I 
I 
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axi a l  c o l late r a l  l igament was necro t i c  and had ruptur e d , 

a l lowi ng the d i s ta l  i nterpha l ange a l  j o i n t  to become par t ly 

d i s l o c a ted . The ruptured rema ins o f  the l igament s ometimes 

extend ed into the i nterdig i ta l  spac e . 

Bac te r i o l ogy 

N i ne swabs o f  puru lent mater i a l  were taken from the i nfected , 

d i s t a l  i n terph a l angeal j o i n t s . D i re c t  m i crosco p i c  exami nation 

f o l l o w i ng s ta i ning by Gram ' s me thod revea led the pres ence of 

numerous gram-negative f i l ament s  and gram-po s i tive cocci and 

baci l l i . I n  conj unction w i th var i ou s  mixed organ i sms , 

C . pyoge.n.e.J.> was grown f r om a l l  n i n e  s amp l e s  and F .  n.e.C}[ ophOJtwn 
from s even o f  the nine . 

C a l c i um chloride as  a necr o t i s ing age n t  

Two s heep , numbers 5 and 6 that had been treated w i t h  c a l c i um 

c h l or ide subcutaneou s ly d i d  not become lame , nor d i d  they 

dev e l op changes i n  the appe arance o f  the i nterd i g i t a l  space , 

o t h e r  than those observed i n  the control sheep . 

The s heep number s 7 and 8 w h i c h  had been i n j e c ted subcutan­

eou s ly w i th c ul tures o f  F .  n.e.C}[ ophOJLum and C.  pyoge.ne.J.> organ i sms 

f o l l owing c a l c i um c h l o r i de treatment , deve loped a m i nor 

r e a c t i on a s s o c i a ted in s ome i n stances w i th l amene s s . Sheep 

9 and 1 0  g iv e n  the cultur e s  a l one were s imi lar ly a f fec ted . 

A l l  sheep s howed inter d i g i t a l  s k i n  changes s imi lar to the 

c o n t ro l s , presumably due to the underfoot cond i ti o n s , but 

wher e  the s heep was l ame the i nt e rdi g i t a l  t i s s ue s  were 

u l c e ra ted and pus was pres ent in the l e s ion . Thi s  oc curred 

i n  two o f  the feet o f  s he e p  numbe r s  8 and 9 and i n  one of  the 

f e e t  o f  sheep number 1 0 . 

The i n f e c t i o n  d i d  not i nvade i n t o  the d i s ta l  i nterphalange a l  

j oi nt and t h e  l e s ions h e a l ed w i th i n  three week s . 
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F I GU RE 7 . 3 

The i nterd i g i ta l  s p a c e  t h r e e  day s a f t e r  

l i qu i d  n i trogen had been app l i e d  to the 

i nt e rd i g i t a l  s k i n . 

The i n t e rd i g i t a l  skin was inf l amed a nd 

appeared d i s c o loured i n  the centre . 
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F I GURE 7 . 4  a and b 

The interdigi tal space o f  two s heep , e ight 

day s a f te r  l iquid n i trogen had been app l ied 

to the i nterdig i t a l  s k i n . 

a )  Puru l e nt/nec r o t i c  mate r i a l  had 

de tached f rom the i nterd i g i ta l  

space . 

b) U - u l c e r ated i nterdi g i t a l  area . 
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F IGURE 7 . 5  a ,  b and c 

The r i g h t  f or e  foot o f  s h e e p  number 2 ,  f o l lowing 

the app l i ca t i on o f  l iquid n i trogen to the i nter­

d i g i t a l  ski n . 

a )  D ay 3 

S - swo l l e n  interd i g i tal s pace 

b )  D ay 2 7  
T - opening i nto s i nu s  tract 

c )  D ay 2 7  ( d i re c t ly a f t e r  s laught e r )  

I n f e c t i o n  was pr e sent i n  the l a t e r a l  
j o i n t  b u t  not i n  the med i a l  one . 
The d i s t a l  end o f  the midd l e  phal a nx 
was d i s c o loured and appeared necrotic ( N )  
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F I GU RE 7 . 6  a ,  b and c 

Radiog r aphs o f  the f e e t  o f  sheep , 2 7  days a f te r  
l iq u i d  n i trogen h ad b e e n  appl i ed t o  the interdig ital 
s k i n .  

a )  Th e l e f t  fore foot o f  the s he ep n umbe r  3 

S - s o f t  ti s s ue s we l l ing 

E - e ro s i on o f  bone 

P - p r o l i f e r a t ion of bone 

W - widening of the j o int s pace 

b )  Th e l e f t  h i nd foot o f  sheep number 4 

S - s o f t  t i s s u e  s we l l ing 

E - e ro s i o n  o f  bone 

P - pro l i feration o f  bone 

A - abaxi al d i sp la c ement of  the d i s ta l  
phalanx a n d  s e s amoi d  

c )  T h e  l e f t  fore foot o f  the sheep numbe r  4 

S - s o f t  t i s s ue swe l l i ng 

E - ero s i o n  o f  bone 

P - pro l i feration of bone 

A - abax i a l  d i s p lacement of  t he d i s ta l  
phal anx and s e s amoid 
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The e f f e c t  o f  cor t i costeroids 

O f  the f our s he ep treated wi th l iquid ni trogen , 9 o f  the 1 1  

j oi nts that deve l oped arthr i t i s  occurred i n  the two sheep 

that had r e c e ived b e tame tha sone . 

D I SCUS S ION 

The mi ld i n f l amma t ion obs erved i n  the interd i g i t a l  s k i n  of 

the untrea ted control sheep was apparently s imi lar to tha t  

i nduced b y  Egerton e t  al .  ( 1 9 6 9 )  f o l lowing th e cons tant 

wetting o f  the s heep ' s  feet in a n  e nvi ronment h e av i ly 

contam i n a t e d  with F .  necAo ph.Mwn Und e r  such cond i t ions , the 

interd i g i  ta l s k i n  became macerated and F .  necAoph.Mum invaded 

the stratum corneum , r e s u l t ing in i n f l ammat i on and 

parakera to s i s . A l though the l e s ion produced was s imi lar to 

ovine i n t e r d i g i t a l  dermat i t i s  ( P ar sonson e t  a l . ,  1 9 6 7 ) the 

i n terdig i ta l  necros i s  and u l c e ra tion evident in s ome cas e s  

o f  natu r a l l y  o c curring ovi n e  i n terd i g i t a l  derma t i t i s  

( Chap t e r  5 )  did n o t  occur . Fur thermore it h a s  not been 

pos s i b l e  to reproduce foot abs c e s s  by manipu l a t i ng the 

unde rfoo t c ondi t ions alone . 

Kreberg ( 1 9 4 6 )  d e s cr ibed the c h ange s that occur when t i s sue s 

are s ub j e ct ed to sudden fre e z i ng and then a l l owed to thaw . 

Whi l e  fro z e n , the t i s s u e s  appeared wh ite and the b lood 

ve s s e l s  wer e cons tr i c ted . Upon thawing , the whitene s s  of 

the f r o z e n  skin was rep l aced by a r i ch red co lour . Within 

a few m i nute s , oedema wa s obs e rved . The prominent f e ature s 

o f  the t i s s ue s  a f ter thawing were hyper aemi a ,  oedema and 

necro s i s . 

The s e  s ame change s  wer e  obs erved i n  the interd i g i ta l  t i s sue s 

expos e d  to l i quid n i trogen . I t  appear s tha t  the i nterdi g i t a l  

ti s su e  d amage w a s  suf f i c ient t o  perm i t  bacter i a , i n c lud i ng 
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F .  n.e.CJr.ophoJr.um and C . pyoge.n.e.-6 , to i nv ade , mu ltiply and eventu a l ly 

reach the d i s t a l  i n terpha lang e a l  j oi n t  i n  l l  o f  a po s s ib l e  

3 2  d i g i ts . The foot c ond i tion produ c e d  was c l in i c a l ly and 

radiographical l y  s im i l ar to natu r a l l y  o c curr i ng c a s e s  o f  

foot abs ce s s  and i t  i s  s ugge s ted that thi s  sequence o f  s k i n  

damag e , bacte r i a l  i nvas ion and eventua l ar thr i t i s  s imul at e s 

wha t occurs in o utbreak s o f  ovi n e  i n t e rdigita l  derma t i t i s  and 

foo t abs c e s s  such a s  tha t  reported in Chapter 5 .  A l l other 

mean s  of ti s sue i n s u l t  t r i ed on the i n terdig i t a l  skin d i d  

n o t  r e s u l t  i n  i n fe c tion o f  the di s ta l  interpha l ange a l  j oi n t . 

The s ubcutaneou s i noculation o f  c u l tu r e s  o f  F .  n.e.CJr. ophoJr.u.m 

and C .  pyoge.ne..-6 did not reproduce foot abs c e s s  e i ther . Robe r t s  

a n d  Egerton ( 1 9 6 9 ) from t h e i r  s tu d i e s  on footrot obtai ned 

s im i l ar r e s u l t s  when B . n.odMU.-6 was inoculated l n  con j u n c t i on 

wi th F .  n.e.cA ophOJr.u.m and C .  pyoge.ne..-6 o r g a n i sms . 

C a l c ium chlor i d e  has been u sed a s  a c h em i c a l  necrot i s i ng agent 

to predi spo s e  s he e p  to tet anus i n f e c t i on ( Cooper , 1 9 6 6 ) , but 

in the way u s ed in thi s p i lo t  tr i a l  i t  was not succ e s s fu l  in 

�e rm i tting i n f e c ti on of the di s t a l  i n t erpha lang e a l  j o i n t . 

Cor t i c os tero i d s  h ave been u s ed to i n c r e a s e  the susceptib i l i ty 

o f  the host to F .  n.e.CJwphOJr.u.m i n f e c t i o n  ( Coyle-Denn i s  and 

Lauerman , 1 9 7 9 )  a nd be tamethasone was u s ed i n  thi s  tr i a l  f o r  

thi s  e f fect . I t  was not i ntended to examine the r o l e  o f  

cor ticosteroids i n  the pathogene s i s  o f  foot ab s ce s s . More 

j oi n t  i n f e c t ions occurred in the s heep that h ad r e ce ived 

b et ame thasone , but the numbers o f  sheep were i n s u f f i c i e n t  f or 

any conclu s io n s  to be re ached . Further exper imentation i s  

indicated however . 

CONCLUS IONS AND S UM1'1ARY 

1 .  D amag ing the interdi g i ta l  t i s sue s o f  sheep u s i ng l iquid 

n i troge n , a l l owed mixed org an i sm s  inc lud ing F .  n.e.CJr.ophOJr.wn 
and C . pyoge.n.e.-6 to invad e , mu l t i p l y  and eventua l ly i n f e c t  

t h e  di s ta l  i nterph a l ange al j oi n t . The f oot cond i t i on 

produced w a s  c l i n i c a l ly and radi ograph i c a l l y  s im i l a r  to 



n atur a l ly occurr i ng c a s e s  o f  foot ab s ce s s  and i t  i s  

s ugges ted that t h i s  s imu l a t e s  wha t  happen s  i n  some 

natu r a l  c a s e s . 
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2 .  Subcutaneou s , i nterd i g i ta l  i n j ection o f  1 ml  o f  1 0  percent 

c a l c ium chloride s o l u ti on did no t r e s u l t  i n  i n f e c tion 

of the di stal  inte rphalang e a l  j oi n t . 

3 .  I nj e c t i ng a mixed i nocul urn o f  F .  n.e..CAophMum and C .  pyoge..n.e.-o 

organi sms beneath the i nter d i g i t a l  s k i n  did not r e s u l t  

i n  i n f e c t ion o f  t h e  d i s ta l  i nterphalange a l  j o int . 

PART B :  THE EXPERIMENTAL REPRODUC T I ON OF FOOT ABSCE SS 
FOLLOWING LIQUID N I TROGEN APPLI CAT ION TO THE INTERD I G l TAL S K I N  

INTRODUC T I ON 

The previous pi lot t r i a l  i nd icated that l i q u i d  ni trogen was a 

promi s ing agent to r eproduce necros i s  o f  the interd i g i t a l  

t i s sue s , thus permi t t ing environment a l  bac t e r i a  t o  invade, 

mu l tiply and eventu a l l y  i n f e c t  the d i s ta l  i nterph a l ange a l  

j oi n t . Th es e encour ag i ng r e s u l t s  warranted further 

expe rimentat ion u s ing s im i l ar me thods , but gre ater number s of 

s h e ep . 

The time the l iquid n i trogen needed to b e  i n  contact w i th the 

i n terdig i ta l  s k i n  was not prec i s e l y  d e f ined , but b e tween 1 2 0  

and 1 8 0  s econds had proved s ucce s s f u l  in the p i lot tr i a l . 

I t  was d e c i ded tha t f o r  further exper imentation a cons tant 

t ime of 1 5 0  s econds would be u s ed . 

The anatom i c a l  s tudy ( Chapter 3 ) · demons trated the 

vu lnerab i l i ty of the d i s t a l  inte rpha l ange a l  j oint , par t i cu l ar l y  

o n  the axi a l  ( or interdi g i t a l )  aspect a t  the s i te s whe r e  the 
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j oi n t  c ap s u l e  protrude s above the coronary border a s  the 

dor s a l  and volar pouche s .  Necro s i s  o f  the inter d i g i t a l  

ti s sue s adj acent t o  the s e  s i t e s  might r e s u l t  i n  m o r e  j oint 

i n f e c t i o n s  than s imi lar damage to other areas of the 

interd i g i ta l  s pace . It was impo s s ib l e  to exp l o r e  a l l  the 

pot e n t i a l  s i t e s  within the interd i g i t a l  space and o n l y  

two were cho s en ( Fig . 7 . 7 ) . 

m - i n  the centre o f  the i nterd i g i ta l  are a  

s - o n  the s i d e  o f  the interdigital spa c e  

adj acent t o  t h e  coronary border at t h e  

j unction o f  t h e  a x i a l  g roove 

F rom the pr evious p i l o t  t r i a l  it a p p e a r e d  that i n j e c t i ng 

a c o r t i costeroid b e f or e  bac ter j_ a l  cu l tures wer e app l ied 

m i g h t  aid the developme n t  of j o int i n f e c t ion . 

C o n sequently i t  was de c ided to p e r s i s t  with the u s e  o f  

both art i f i c i al cultures and c Ltempt s  at immuno s uppres s i on 

i n  an endeavour to reproduce more c on s i s tent r e s u l t s . 
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F IGURE 7 . 7 

The s i t e  o f  appl i c a t ion o f  the liquid n i trogen . 

a )  I n  the c en tr e  o f  the interd i g i t a l  space . 

b )  O n  the s ide o f  the interdig i t a l  s pa c e  

ad j acent t o  t h e  axi a l  coronet a t  the 

j un c t ion of the axi a l  groove . 
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MATERIALS 

Sheep 

Twen ty , Romney and Romney cro s s  bred, s even month o ld sheep 

were individu a l ly identi f ied w i th ear tags and housed 

indoo r s . 

Und e r foot cond i t i o n s  

A n  underfoot s lurry o f  wet s h e e p  f a e ce s , s imi lar to that 

u sed i n  the previous p i lot tri a l , was e s tab l i s hed . Sheep 

were held i n  the pen for per i od s  as i ndicated i n  the text . 

Bacte r i a l  c u l ture s  

U s i n g  a s imi lar technique t o  tha t  d e s cr ibed in Chapter 6 ,  

cul tures o f  F .  ne.CA ophMum and C . pyoge.ne..o wer e  grown and 

mixed to provide approx imate ly 1 0 6 F .  ne.CA oph0!1.wn and 1 0
7 

C .  pyoge.ne..o organ i sms i n  0 .  2 m l  o f  inocu lum . Adm i n i s tration 

was by s ubcutaneou s i n j e c t i o n  o f  the i n terd i g i t a l  s k i n  a t  

t h e  s i t e  previous ly damaged with l i q u i d  nitroge n . 

C o r t i c o s teroid tre atme nt 

A s in g l e  i n j e c tion o f  4 mg o f  be tametha sone was admin i s tered 

s ub c utaneou s ly i n  the neck region . 

Liauid n i trogen treatment 

L i q uid n i tr og e n  was app l i e d  to the i nterdig i t a l  s k i n  in a 

s im i l ar manner to that d e s c r ibed i n  the pi l o t  t r i a l . The 

only d i f ferences were that the s i te of app l i cation wa s 

a l ternated b e tween the midd l e  and the s ide o f  the inter­

d i g i t a l  space accordi ng to the s chedule shown i n  Tab l e  ( 7 . I I I )  

a nd a cons tant time o f  1 5 0  s e conds was used . 
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TABLE 7 .  I I I  

THE S I TE OF APPLICATION OF L I QU I D  N ITROGEN 

S he ep numbers 
Foot 

l ,  3 ,  5 ,  7 ,  9 ,  l l ,  13 , 15  2 ,  4 ,  6 ,  8 ,  10 , 12 , 14 , 

Le f t  fore s M 

Right fore M s 
Ri ght hind s M 

Lef t  hind M s 

Key : s - s id e  of  the interd i g i t a l  s p a c e  

M - midd l e  of the i n terdigi tal space 

METHODS 

Proced ure 

The 2 0  sheep were i ntroduced to the under foot s lurry for 

s even day s  b e fore the spec i f i c  treatments shown in Tab l e  

( 7 . IV )  were appl ied . 

TABLE 7 . IV 

SCHEDULES OF TREATMENTS USED TO REPRODUCE FOOT ABS C E S S  

Tr e a tments app l i ed 

16 

N umber Liquid Be t am eth a sone 
B a c te r i a l  

Group o f  N i trogen 
Day 2 

Cu ltur e s  
sheep Day l Day 3 

A 8 + + + 

B 8 + - -

c 4 - - -
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F o l lowi ng th e app l i ca t ion o f  the liquid ni trogen and r e c overy 

f r om the anae s the t i c  the sheep were r e tu rned to the pen for 

1 0  days  and the n  they were moved to a dry s traw-covered pen 

for a f urther ll  days , a t  whi ch poi nt the t r i a l  was 

concluded . 

A s s e s sment 

A t  the con c lu s i on o f  t he trial the sheep wer R  d e s troyed and 

the i r  f e e t  pho tographed and r ad i ographed and the dig i ts 

o pened w i th a s ca lpe l to examine the ex tent o f  ti s sue 

damage . 

S tati s t i c s  

The d i s tr ibution and freque n c i e s  o f  ob s e rvati ons were 

s ub j ec ted to ana ly s i s  u s ing the c h i - squared t e s t . In 

ev�ry case Yates • corr e c t i on f actor was app l i ed and expected 

value s  we re a lway s g reater than f iv e . The probab i l i ty o f  

d i f f erences havi ng o ccurred b y  chance ( P )  , w e r e  r ead o f f  

tab l e s  for chi- squared u s i ng the approp r iate deg r e e s  o f  

f r e edom . 

RESULTS 

Obs ervations 

I n  virtua l ly a l l  r e spe c t s , the r e s u l t s  conf i rmed tho s e  of 

the p i lo t  expe r imen t . I n i t i a l ly che sheep that had been 

treated w i th l i quid n i trogen were l ame on a l l  four f e e t . 

The trea ted area appear ed necrot i c  and began to s lough out 

o f  the i n terd i g i ta l  space between 8 and 14  days ( F i g . 7 . 8 ; 

F ig . 7 . 9 ;  F i g . 7 . 1 0 ;  F i g . 7 . 1 1 ) . Within 1 0  days many o f  

th e s heep were showing s ig n s
' 

cons i s te n t  w i th in f e c t i on o f  
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the d i s ta l  i n terpha l an g e a l  j oi n t . The s e  s ig n s  i n c l uded 

swe l l i n g  above the corone t  on the abaxi a l  a s p e c t  and the 

form a t ion of  s i nus tracts  in the interd i g i t a l  s pace from 

whi ch pu s cou ld be expres s ed .  Becau s e  the 1 6  tre ated sheep , 

w i t h  the except ion o f  number 1 0 , were s h owing the s e  s ig n s  

i n  one or mor e  feet by d a y  1 0 , i t  was decided to move them 

to dry surroundings wher e  they could feed and l i e  down i n  

com f or t .  

The four untr eated contro l sheep wer e not lame . 

Rad i o l ogy 

Twen tyone day s a f ter the i ni t i a l  interd i g i t a l  damage , 

r ad i ograph i c  j oint c hang e s  con s i s tent w i th i n f e c tion o f  the 

di s t a l  in terpha lang e a l  j o i n t  were pre s ent i n  2 8  d i g i t s  o f  

the 1 6  treated s h eep ( Tab l e  7 . V ) . The s e  radi ographic 

chang e s  i nd i c ated that there was a vari ation in the time 

of  j oint i n f e c tion ( chapter 6 ) . I n  s ome i n s tances 

( F i g . 7 . 8 ) the radiographi c  changes were con f i ne d  to 

w i d e n i ng o f  the j oi n t  $pace and incr e a s ed den s ity of  the 

so f t  t i s sue about the j o i n t . From observations made 

fol l ow ing the inocu l a tion of  F .  n.e.CJwphOJl..um and C .  pyoge.n.e.-6 

into the d i s t a l  interpha l ange a l  j oint ( chapter 6 )  i t  i s  

evident that j oint i n f e c t i on i n  the s e  c a s e s  wa s a s s umed 

to be of about s even days dur a t i on whereas other d i g i t s  

s howed radiographic evidence o f  more long s t and i ng 

i n f e c t ion . The d i s ta l  end o f  the midd l e  pha l anx was 

eroded indi c ating the extent of  the i n f e c t ion and ther e  

wa s pro l i f er a ti on o f  bone ad j acent to the midd l e  phalanx 

( F i g . 7 . 9 ;  F i g . 7 . 1 0 ;  F i g . 7 . 1 1 ;  F i g . 7 . 1 2 ) . 

The s e  radiographic chang e s  ar e indi s t ingu i s ha b l e  f rom tho s e  

s e e n  i n  natura l l y  occur ing c a s e s  o f  foot abs c e s s  ( Chapter 4 ) . 
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TABLE 7 .  V 

REPRODUCTI ON OF FOOT ABSCESS FOLLOWING L I QU I D  NITROGEN 
DN�AGE TO THE INTERD I G I TAL T I S SUES 

Group Number Number o f  d i g i t s  wi th foot ab s c e s s/ I 
o f  sheep number o f  f e e t  

A 8 1 6 / 3 2  

B 8 1 2 / 3 2  

c 4 0 / 1 6  

Gros s Patho logy 

The pre s e n ce of i n f e c t ion in the j oi n t  wa s con f i rmed i n  2 8  

d igi ts of  the 1 6  sheep in groups A and B ( tab l e  7 . V ) . There 

was direc t c ontinu i ty b e tween t h e  s inu s tract s  open ing into 

the interd ig i tal space and the d i s t a l  i nterph a l ange a l  j o int . 

The am�un t  o f  damage to the j oi nt s tructures w a s  var i ab l e . 

I n  more r ec e n t  i n f e c ti ons ( F i g . 7 . 8  and Fig . 7 . 1 2 )  the j o int 

s ur face s we r e  eroded and di s c o lourGd but the axi a l  c o l lateral 

l igaments wer e intact . Whe r e  j oint i n f ection had b e e n  

pre s ent f o r  s ome t ime , t h e  j o i n t  e n d s  o f  the pha lang e s  were 

d i s co loured and necrotic , and the axi a l  col l a t e r a l  l ig aments 

had ruptu red ( F i g .  7 . 9 ;  F i g . 7 . 1 1 ) . The j oi n t  space wa s 

f i l led with partly l iqui f i ed , necrotic mater i a l  and 

gr anul a ti on t i s s u e  had deve loped w i th i n  and ad j acent to the 

j oint . 

I n  a further l l  f e e t , infe c t i on had tracked down to the s o f t  

ti s su e s  a d j acent t o  the d i s ta l  interpha langea l  j oi n t  b u t  had 

not pene trat ed the j oint . I t  i s  p o s s ible that g iven more 

t ime , s ome o f  thes e  digi ts may have deve loped j o i n t  

inf e c tions . 

Twenty j oi n t  i n f ec tions r e su l te d  when the centre o f  the inter­

d i g i t a l  space had been damaged c ompared with e i ght o c curri ng 

when the s id e  o f  the interdig i t a l  space was the s i te o f  



damag e . Thi s  d i f f erence was s tati s ti c a l ly s igni f i cant 

( P < O . O S ) . 
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I n  every ins tance that l i quid ni trogen was app l ied to the 

centre of the i nterdi gi ta l  space , the r i ght dig i t  o f  the 

foo t was the one a f f e c ted . 
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FIGURE 7 . 8  a ,  b and c 

The r i gh t  f o r e  f o o t  o f  sheep numbe r  7 ,  a f ter the 
a pp l ic a t i o n  o f  l iquid ni trogen to the inter j i g i t a l  
s k i n . 

a )  Day 9 

N - necrotic t i s s ue 

b )  Day 2 1  ( i�ned iate ly a f t e r  s l augh te r )  

E - ero s i on o f  bone 

G - g r anu l a t ion t i s sue 

c )  D ay 2 1  

S - s o f t  t i s s u e  swe l l i ng 

W - widening o f  the j o int space 

The r ad iograph i c  chang e s  indicate that the d i s ta l  
i n terph a lang e a l  j oi n t  had been inf ected for 
appro x imat e ly 9 days . 
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F I GU RE 7 . 9  a ,  b and c 

The r ight h i nd foot o f  sheep number 7 ,  a f ter the 
app l i c ation of l iquid ni trogen to the i nterd i g i t a l  
s k i n . 

a )  Day 9 

N - necr o t i c t i s sue 

b)  D ay 2 1  ( immed i at e l y  a f ter s laugh ter ) 

G - granu l a tion t i s sue 

T - s inus tr act 

L - ruptured axi a l  common co l l a te r a l  
l i g amen t  

c )  D a y  2 1  

S - s o f t  t i s s u e  swe l l ing 

E - eros i on o f  bone 

P - pro l i fe r a t i o n  of bone 
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F I GURE 7 . 1 0 a ,  b and c 

The r ig h t  h ind foot o f  sheep number 6 ,  a f te r  the 
appl i ca t i o n  o f  l i quid n i tr og e n  to the interdig i t a l  
s k i n . 

a )  Day 9 

N - n e c r o t i c  ti s s ue 

b )  D ay 2 1  ( immediately a f ter s l aughter ) 

G - g ranu lation t i s s ue 

T - s inu s tract 

c)  Day 2 1  

E - ero s io n  o f  bone 

P - pro l i f e r ation o f  bone 

A - abax i a l  d i splacement of the d i s ta l  
pha l anx and s e samoi d  

S - s o f t  t i s su e  swe l l i ng 





1 62 .  

F IGURE 7 . 1 1 a ,  b and c 

Th e l e f t  h i nd foot o f  s he ep number 1 6 , a f te r  the 
app l i c a t ion of l i qu id n i tr ogen to the i n t erd i g i t a l  
s k i n . 

a )  Day 9 

N - necro t i c  t i s s u e  

b )  Day 2 1  ( imme d i at e l y  a f te r  s l aughter ) 

N - necro t i c  bone 

G - granu l a t i on t i s s ue 

L - ruptured axi a l  c ommon c o l l a t e r a l  
l i g ament 

c )  Day 2 1  

E - eros io n  o f  bone 

P - pro l i f er a t i on of b one 

S - sof t t i s s u e  swe l li ng 

A - abaxi a l  d i sp lacement o f  the d i s ta l  
pha l anx and s e s amoi d  
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F IGURE 7 . 1 2 a  and b 

The l e f t  h i nd foot o f  s h e ep number 1 5  a f te r  the 
app l i c a t i o n  of l i qu i d  n i t r og e n  to the i nterd i g i t a l  
s k i n . 

a )  D ay 2 1  ( imme d i ate ly a f te r  s laughte r )  

G - granul a t i on t i s s u e  

L - axi a l  common c o l la teral l igament 
( t r a n s e c t e d )  

N - necro t i c  bone 

b )  Day 2 1  

S - s o f t  t i s s ue swe l l i ng 

P - pro l i f e r ation o f  bone 

The r a d i ograp h i c  change s  i nd i cate that the d i s t a l  
i n terphalang e a l  j o i nt h a d  bee n  i n f ected for 
appro x imately 9 days . 
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D I S C US S ION 

Reproduction o f  foo t abs ce s s  

Thi s  l at e r  exper iment con f i rmed the i ndications from the 

pi l o t  t r i a l  that foot abs ce s s  c an be read i ly reproduced by 

damagi n g  the i nterd i g i ta l area with l iquid n i troge n , thereby 

fac i l i ta t i ng the mu l ti p l i c at ion and subsequen t  i nv a s i on o f  

the d i s t a l  interpha lang e a l  j oi n t  b y  envi ronme n t a l  bacter i a , 

inc lud i n g  F .  n.e.CAophMum and C. pyoge.n.e.-o . The sugge s ted 

pathogene s i s  i s  that free z i ng the i nterdigita l t i s s u e s  to 

i ce , f o l l owed b y  thawing , r e s u l ted i n  a va s cu l ar def i c i en cy 

in the area leading to t i s s u e  necros i s  ( Kreyberg , 1 9 4 6 ) . 

Bacter i a  from the environmen t , i n c ludi ng F .  n.e.c/wpfw!wm and 

C. pyoge.n.e.-o i nvaded thi s  necrotic ti s sue and extended the 

area o f  t i s sue necros i s .  B ecause of the prox im i ty of the 

di s t a l  i n terpha l angeal j oi n t , i n f e c t i on reached the j oint 

and once e s t ab l i shed , a r e l a tively uni form s er i e s  o f  events 

ensued , s imi l a r  to that ob s e rved f o l l owing direct i n tra­

ar t i c u lar i nocul ation of F .  ne.CAophOJtwn and C. pyoge.ne.-o 

( chap te r  6 )  . 

I t  i s  s u gge sted that t i s su e  damage f o l lowing l i qu i d  ni trogen 

app l i c a t i on , s imu l ates ovi n e  i nterdi g i ta l  dermati t i s . 

A l though thi s might appear a r a ther extreme means o f  creat ing 

t i s s ue d amage , s evere i n terdig i ta l  necros i s  and ero s i on has 

been obs erved i n  natura l ly occuri ng c a s e s  o f  ovine i nter­

d i g i ta l dermati ti s  ( ch apter 5 ) . 

The r e pr oduct ion o f  f oot a b s ce s s  by l iquid n i t r ogen 

app l i cation to the i n te rd i g it a l  s pace provide s a more na tural  

means o f  reproduction than dire c t  j oi n t  i nocu l a t i o n  of  

bac te r i a . Furthermor e i t  may expl a i n  why damage to the 

i n terd i g i ta l  s pace f o l l owing the m i s u s e  of forma l i n  

( L i tt l e j ohn , 1 9 7 2 ; Hooper and Jones , 1 9 7 2 )  r e su l ted i n  the 

deve lopme n t  o f  foot abs ce s s . 
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The e f fe c t  o f  the und e r foot  cond i t ion s  

The rol e o f  unde r foo t cond i t ions i n  pred i spos ing sheep to  

foo t infe c t i ons is  we l l  recogn i sed  (Murnane , 1 9 3 3 ; 

Bever idge , 1 9 3 4 ) . Bever idge ( 1 9 4 1 )  showed tha t norma l 

heal thy skin was re l a t ively r e s i s tant to in fe c t ion . 

Exper imen t a l ly ,  interd i g i t a l  s k in damage su f f i c ient  to  

permi t F .  n.e.CAophMum to invade ,  has  b een prov ided by e i ther 
• I 

cont 1nuous expo sure o f  sheeps  fee t to wa ter for three  to 

four days (Ege r ton e. t  �£ . ,  1 9 6 9 ) , or by scari fying the 

interd i g i tal  skin ( Parsonson e. t  �£ . ,  1 9 6 7 ) . In the 

exper imen t repo r ted here , the c omb ined e f fec t  o f  crea t ing 

interd i g i ta l t i s sue damage wi th l i qu id  nitrogen anJ exrosure 

to  we t faec e s  under foo t ,  fac i l i ta ted  the deve lopmen t  o f  

foo t ab s c e s s . Al though the under foo t cond i t ions  were 

crea ted ar t i f i c ia l ly , they wer e  no t d i s s imilar  to  wha t  has 

been ob s e rved on farms dur ing periods  o f  h igh ra in fa l l  

( Chapter  5 )  . However exp o sure t o  the under fo� t cond i t ions 

alone d i d  no t r e su l t in foo t ab s c e s s ,  wh ich sugge s t s  tLa t  

in na tur a l l y  oc cur ing c a s e s  int erd i g i tal  t i s sue damage due 

to such th ings a s  sheep walking on s tone s , s tubb l e  or 

thi s t l e s , or fr i c t ion be tween the d i g i t s  may a l s o  p l ay an 

impor tant r o l e . 

The sheep were h e l d  in the unde r foo t cond i t ions for 1 0  days 

a f ter the ini t i a l  interd i gi ta l  dama ge ; a sho r t e r  period  

than the 2 1  days incorporated  in the p i lo t  t r i a l . I t  i s  

p o s s ib l e  tha t  had the sheep b e en r e t a ined in the p en for a 

l onger per iod , more d i g i t s  migh t  have deve loped foo t 

ab s c e s s ,  a s  the interd igi tal  area  o f  mo s t  o f  the sheep 

s t i l l  appeared s u s c ep t ib l e  t o  infec t ion . Howeve� a l l  the 

treated  sheep excep t numbe r  1 0  were s everely l ame by th i s  

t ime and on humane grounds , dry c 0nd i t ions were provided . 
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The e f f e c t  of  s i te o f  d amage 

D amage w i t h  l iqu id n i trogen app l i ed  to the s ide o f  the 

interdig i ta l  space adj acent to the axial groove in the hoof 

wa l l , r e s u l ted i n  f ewer c a s e s  o f  f oo t  absce s s  than when the 

c entre of the interdi g i ta l  space was damaged ( 2 0  versus 8 ) ; 

thi s d i f fe rence was s tati s t i ca l ly s igni f i cant ( P < 0 . 0 5 ) . 

Thi s  i s  contrary to what was expected , as the j oint capsul e  

i s  more s uper f ic i a l  c l o s e  t o  the s id e  o f  the interdigital  

space ( chapter 3 ) . However the s i te chosen o n  the s ide of  

the i nt e r d i g i t a l  s pace may not have been the optima l one . 

The d i s t a l  inte rpha l ang e a l  j o int i s  protected a t  thi s  point 

by two l i g a�ents : the i nterdi g i ta l  l ig ament and the axi a l  

common c o l l at e r a l  l i gament . Furthermore the horney wal l  

immedi at e l y  ad j acent to the s i te , b eing mor e  re s i s tant to 

cold tre atment , r e s ul te d  i n  l e s s  damaged t i s sue than i f  

the s it e  was sur rounded by va s cu lar s o f t  t i s sue . Had a 

s ite been cho s en that was d i r e c t ly overlying e i ther the 

dor s a l  o r  volar pouches o f  t h e  j oi n t  capsul e , i t  is pos s ib l e  

that mor e j oint inf e ctions wou l d  have occur e d . 

App l y i ng the l iquid nitrogen to the c entre of  the inter­

dig i t a l  s pace r e su l ted in 20  dig i t s  out of a po s s ib l e  6 4  

developing foot abs ce s s , but i n  every instance i t  was the 

r ight d i g i t  o f  the f oot that was a f f ec t ed . There s hould 

have b e e n  equal oppor tuni ty f or e i ther dig i t  to deve lop 

foo t  abs c e s s . H owever when the l i quid nitrogen was app l i e d  

to the i n terdig i t a l  a r e a  t h e  s he e p  w a s  ti l ted towards the 

ope r a tor , who was on the r ight s id e  of the sheep . Th i s  

r e s u l ted i n  the end o f  the funnel i nadvertantly f avouring 

the r ig h t  s id e  o f  the interd i g i t a l  space where more damage 

was c r e a ted . Thi s  emphas i s e s  the importance of the s i t e  o f  

tis sue d amage w i th i n  the interd i g i t a l  s pace i n  determining 

the subs e quent deve lopment of foot absc es s . 
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The e f f e c ts of cor ticos teroid and bac ter i a l  c u l tu r e s  

'!'h e  admi n i s tration o f  cort i co s teroids and bacte r i a l  c u l tures 

re s u lted i n  no obs ervab le d i f fe rences in the s ever i ty o r  

type o f  l e s i on produced . A l though more d i g i t s  did deve lop 

foot abs ce s s  ( 1 6 / 3 2 compared w i th 1 2 / 3 2 )  the d i f fe r e n c e  

i s  n o t  s ta t i sti ca l ly s igni f i can t . Th i s  i s  n o t  surpr i s i ng 

a s  i t  i s  l ik e ly that both F .  n.e.CA ophJtoum and C .  pyoge.n.e...o were 

present in t he s lurry anyway , a nd the attemp t s  at 

immuno s uppres s i on were no t parti cu l ar ly vigorous c ompared 

w i th tho s e  of Coy l e -Denn i s  and Lauerman ( 1 9 7 9 ) . 

CONCLU S I ONS AND SUMMARY 

l .  Dfu�ag i n g  the i nterdig i t a l  t i s su e s  of sheep by app l y ing 

l iquid n i trogen for 1 5 0  s e c ond s , combined w i t h  wet 

f aeces - contami n ated und e r f o o t  condition s , a l l owed 

mixed or gan i sm s  i nc luding F .  n.e.CAophoJtum and C .  pyoge.n.e...o 

to i n f e c t  the di s tal i n terphalangeal j oi n t . 

The f o o t  condi tion produced was c l in i c a l ly and radio­

graph i c a l ly s imi l ar to  natura l l y  occurr i ng c a s e s  o f  

foot a b s c es s . 

2 .  The i n te rd i g i t a l  t i s sue d amage f o l lowing l iquid ni trogen 

app l i c a t ion was s imi lar t o  that obs erved i n  s ome c a s e s  

o f  ovi ne interdi g i ta l  dermat i ti s . 

3 .  Rad i ography of the foot provided a u s e f u l  means o f  

determ i n ing i f , and when , the d i s ta l  interphal anag e a l  

j oi n t  had become infe c ted . 

4. The s i te o f  t i ss ue damage w i th i n  the interdi g i t a l  s pace 

was c o n s idered impor tant i n  determining if  i n f e c t i on was 

to rea ch the d i s t a l  i nterph a lang e a l  j oint . 
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C HAPTER 8 

S UMMARY AND CONCLU S I O N S  

From a radiograph i c  s tudy o f  na tura l l y  occurr 1ng c a s e s  o f  

foo t ab s c e s s , and from a s tudy o f  the ana tomy o f  the d i g i t s , 

i t  i s  conc luded tha t  foot ab s ce s s  o f  sheep may be  d e f ined a s  

a n  infe c t i on of  the d i s tal  interpha l angea l j o in t . Fur ther­

more i t  i s  sugges ted tha t  ' foot  ab s c e s s '  i s  a more appropriate  

term than ' infec t ive bulbar necro s i s ' ( Rober t s  e t  a l . ,  1 9 6 8 )  

becau s e  i t  c onveys an appre c i a t i on o f  the suppura t ive na ture 

o f  the l e s ion and i s  a l s o  d i s t inc t from the o ther impor tant 

ov ine cond i t ion , foot ro t .  Gregory ( 1 9 3 9 )  propo s ed the two 

terms ' d i g i t a l  suppura tion ' and ' foo t ab s c e s s '  for the s ame 

cond i t ion , but  i t  i s  the l a t ter  term tha t  has  been used  mo s t  

frequen t l y . 

A d i s �dvan tage o f  the term ' foo t ab s c e s s '  i s  the po s s ib l e  

confu s ion that cou l d  a r i s e  in d i f feren t i a t ing be tween toe 

ab s ce s s  ( suppurat ion of  the l ame l l ar region) and foo t 

ab s c e s s . However the s e  two cond i t ions can b e  read i ly 

d i s t ingu i shed c l inica l ly , and care fu l  use  o f  termino l o gy 

wi l l  over c ome th i s  d i s advan tage . 

Rober t s  e t  al . ( 1 9 6 8 )  advanced the v 1ew tha t  foo t  ab s c e s s  

was a true mixed infec t ion wi th F .  neCAophMum and C .  pyogene-6 . 

Thi s  was b a s ed on the frequen t i s o l a t ion o f  b o th organ i sms 

from foo t ab sc e s s e s , the known mu tua l ly bene f i c i a l  a c t ion 

b e tween the two organisms and the d i s tr ibu t ion o f  

morpho l o g ic a l l y  s imi l ar organi sms in s ta ined sec t ions o f  

l e s ions  o f  foo t ab s c e s s .  The s tudy repor ted here supp o r t s  

the ir v i ew i n  tha t  b o th F .  neCAophoJtum and C .  pyogene-6 \vere  

i s o l a ted frequen t l y  from cases  of  foo t abs c e s s  and  an  

ident i c a l  c ond i t i on cou l d  be  reproduced  by  the  inocu l a t ion o f  

thes e  two organ1 sms into the d i s ta l  interpha l angeal j o in t  o f  

sheep . I t  appeared tha t  r e l a t ively greater numbe r s  o f  s ingl e  

s p e c 1 e s  o f  e i ther organi sm \ver e  requ ired to reproduce foot  
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ab s c e s s  by  th is  means , than b y  u s 1ng a mixture o f  the two 

o r gan1 sms . Thu s there is c ons iderab l e  evidence tha t  

F . �CAophoft..um and C .  pyoge.ne..!.l are the cau s a t ive organi sms o f  

ovine foo t ab s c e s s ,  bu t the p o s s ib i l i ty o f  o ther oran i sms 

p l aying an e s s en t i a l  or suppor t ing r o l e  canno t be d i smi s s ed . 

I t  1 s  apparent from repl i e s  r e c e ived in the p o s tal  s urvey tha t 

1n New Z e a l and , foo t abs c e s s  occurs  s poradica l ly 1n mo s t  sheep 

flocks , and tha t the a t t ack ra t e  of foo t ab s c e s s  1s h i gher  

for  rams than for  ewe s . Th i s  l a t ter conc lus ion wa s a l s o  

supported  by  the c a s e  s tudy i n  wh ich 5 0  o f  the 5 3  sheep 

admi t ted  to  the Ve t er inary Ho s p i ta l  were rams . A p o s s ib l e  

explana t i on for th i s  d i f ferenc e in a t tack ra te  a t tr ibu ted  

to  s ex , was provided  from the  i nve s t i ga t i on of  an  outbreak 

o f  ovine in t erd igi tal  derma t i t i s  and foo t  ab s c e s s ( Chap ter  5 ) . 

The s exua l  b ehaviour o f  the rams in wh ich large numb e r s  

congrega t e d  in one place , comb ined wi th the e f fec t s  o f  

per iod s o f  h i gh ra infal l ,  r e su l ted  i n  areas o f  p a s ture b e i n g  

t r amp l ed to a mixture of  mud a n d  faec e s . I n  con tra s t ,  the 

ewe s  \ve r e  spread evenly over the who l e  paddo ck . I t  i s  

sugge s ted  that the behaviour p a t t ern and sexua l ac t iv i ty o f  

rams , comb ined wi th periods  o f  h i gh r a infal l ,  prov i d e s  a s e t  

o f  c ir cums t anc e s  i n  whi ch f o o t  damage and a gro s s ly 

contamina t e d  env i ronment may work toge ther to pred i s p o s e  

them t o  int erd igi tal  derma t i t i s  and thu s t o  foo t ab s c e s s .  

The sugge s t ion tha t  foo t ab s c e s s  ar 1 s e s  as a s eque l to ov1ne 

interd i g i tal  derma t i t i s  wa s f i r s t  propo s ed by Eger ton e.t at . ,  

( 1 9 6 6 ) . The ana tomical  s tudy ( Chap ter  3 )  has  demon s t ra ted 

the vu lnerab i l i ty of the d i s t a l  int e rpha langeal j o in t  to 

infec t i on or  trauma on the in t e r d i g i tal aspe c t  -.;;.;rhe r e  the 

j o int cap sule pro t rudes above the - c oronary border  o f  the 

hoo f  a s  the dor s a l  and vo l ar p ouche s . Fur th ermor e , inter­

d i gi tal  t i s sue damage produced  by the  app l i c a t ion of  l iquid 

ni trogen to the interdigi t a l  skin ( Chapter 7 ) , r e s u l ted  in 

infec t i on gaining en try t o  the d i s ta l  interph a l angea l j o int � 

reprodu c ing foo t ab s ce s s . Natur a l l y  occur ing ovine inter­

d i gi ta l  d e rma t i t i s  was ob s erved to vary in s eve r i ty from 
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ery thema and swe l l ing o f  the in terd i g i ta l  skin a s  d e s cribed  

by  Parson s on e t  a£ . ( 1 9 67 ) , to eros ion and suppura t ion o f  the 

in t erdig i t a l  t i s sue s . I t  wa s th i s  l a t ter , more s evere form 

o f  l e s i on , s omewhat  inadequa tely  d e s c r ibed by the t erm ' ov ine 

in t erd i g i t a l  derma t i t i s � wh i ch wa s obs erv�d to pre c ede  the 

oc curence  o f  foo t ab s c e s s .  Thus the re is cons iderab l e  

evidence tha t ovine in terd i g i t a l  derma t i t i s  frequen t ly precedes  

foo t  ab s c e s s .  

I f  ov1ne interd i gi tal  derma t i t i s  precedes  foo t  ab s c e s s , i t  i s  

logical  tha t trea tmen t shou l d  b e  ini t ia ted be fore the d i s tal  

interph a l angeal j o int become s in fec ted . In the outbreak of  

l amene s s  reported  in Chap ter  5 ,  the l ame sheep appeared to  

r e s pond we l l  to the  comb ined therapeu t i c  mea sures  of  dry 

surround ings , forma l in foo t-ba th ing and s e lec ted  an t ib i o t i c  

therapy . 

Onc e  infe c t i on b e c ome s e s tab l i shed in the d i s ta l  in ter­

phalan ge a l  j o int the above trea tmen t i s  no l onger e f fec t ive , 

and a r e l a t ive ly uni form and thus pred i c tab l e  s e r i e s  o f  

even t s  t akes  p l ace . Permanen t  j o int  damage and de formity i s  

inevi tab l e , bu t the e f fec t s  o f  th i s  can b e  minimi zed i f  the 

axial c o l l a teral  l igamen t s  rema in intac t .  The ana tomi c a l  

s tudy emphas ized the impor tan t  role  tha t  the s e  l igamen t s  

p l ay in ma intaining the a l i gnmen t  o f  the pha l ange s .  There­

fore , therapy of foo t ab s ce s s  shou l d  b e  dire c t e d  at ma intaining 

the intergr i ty of the l igamen t s . Th i s  can be  done by 

drainage o f  the ab s c e s s , b anda g ing to preven t s tre s s  on the 

l igamen t s , and countering the b a c terial  infe c t ion by 

chemo therapy . 

Al though the progno s i s  for comp l e te recove ry from foo t ab s c e s s  

i s  poor in mos t  c a s e s , the foo t hea l s  s u f f i c ien t l y  t o  a l low 

for adequa t e  locomo t ion ,  a f ter  a period  of  abou t two mon th s . 

Only in exc ept ional c ircums tan ce s shou l d  the a ffec ted  d ig i t  

b e  ampu t a t e d . 
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From the exp e r iment a l  reproduc t ion o f  foo t ab s c e s s  and the 

u s e  o f  rad i ography , i t  wa s po s s ib l e  to  e s tab l i sh a t ime / 

change re l a t ionsh ip by wh ich the dura t i on o f  j o in t  invo lvement 

c ou l d  be e s t ima ted . Infec t ion mu s t  be  pre sent in the j o int  

for  at  l ea s t  s even days b e fore radiograph i c  j o in t  change s 

are  ob s erve d . Thu s  i t  i s  pos s ib l e , u s ing a rad io graph i c  

t e chnique , t o  as s e s s i f  the infe c t ion has  reached the d i s ta l  

in t erpha l ange a l  j o in t , approxima t e l y  when the in f e c t ion 

r eached the j o int , and the l ikely degree of  permanent 

d amage and de formi ty . 

F inally , a s  i t  has now been shown tha t  foo t abs ce s s  can be  

r eproduced  and  s tud ied  rad iograph ical ly , the way appears  

open for more obj ec t ive therapeu t ic s tudies  of  the d i s e as e . 

The s e  cou l d  inc lude the tes t ing o f  foo t ab sce s s  vac c ine s , 

the u s e  o f  various forms o f  general  chemo therapy and l o c a l  

chemo therapy comb ined '"i th j o in t  pro te c t ion t e chnique s .  
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