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digestive system of the horse has remained neglected even 

with the renewed interest in large animal radiography. 

First reports of radiological examination of the 

trunk of large animals appeared in 1951. Al e xander l and 

20
Mu11er worked on the gastro-intestinal tract of ponies. 

Both employed contrast medium to study the topography of 

9the digestive system. Several years later, Drury, Dyce & Merlen

on radiology 'of the neck and limb joints of a 

12 
pony. Dyce has studied the gqstro-intestinal tract of 

a ' standing newborn foal. 

1 9 12 20Techniques employed by early workers " , 

were extensively used in the ,research and clinical work 

in the following years. It is i mportant to note 

that most of these reports13 ,l5,17,2l,22,30, 31 dealt 

with radiography of the bovine and not of the equine. 

Traumatic reticulitis, with intrathoracic complications 

and conditions of the abomasum were mainly studied. The 

few reports which were published about trunk radiography 

of the horse concerned the skeletal system7 ,19,25,26. 

No further reports appeared since the early work 
, '. 231,12,20 Only one report described radiology of 

6 8 28
the oosophagus of the horse. Textbooks " on 

veterinary radiology omit reference to the, 

digestive system. 
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The purpose of this thesis is to r:10ke a contrib­

ution to the radiolo gy of the equine digestive system. 

' . ith the availability of a modern powerful x-ray 

unit at t he De pa rtment of Surgery, University of P retGria 

Faculty of Veterinary Science, Onderstepoort, a research 

project was undertot<en to study the normal gastro-intestinal 

system of the horse, and to establish useful procedures 

and techni q ue s f or its radio log i c a l examination. 

Sin c e the horse is a large, powerful animal, guide­

lines for the technique and procedures were the following:­

(0)  The technique had to be as simple as possible. 

(b)  The animal had to stand up normally, thus elimin­

ating casting. 

(c)  There ha d to be the l east possible interference 

with the animal, to avoid the necessity of 

i mmobilization and/or anaesthesia. 

(d)  Use of the common preparations of radio 

materiel had to be made. 

A.l . Eq ui pment and Methods ln General 

The project was accomp lished by the use of a 

Triplex Optima tic 1023 (figures 1 and 2), made by 

Elerna Schoncmdor ,\3 of Stockholm, . "veden. The 1,1Qchine 
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has an ou t p u t 0 f 100 a t 6 .:.;0 r·':!\s 0 r 200 KV at 320 Ic'iAS 

or 280 [-(Vat 800 on 50 in ext ra sho rt expos ure s. 

F igu r e s 1 a nd 2: 

Th o x - r ay u n i t wh ich was u s ed in tho proj e c t. No te 
th e s u spen s i on of the tube from the ceiling and the 
st a tionary g r id. 
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All <:.,xPOSU'GS done through a grid. Uherever 

possible, use was ma de of the stationary grid fixed to the 

floor, otherwise a po,table grid was used. The exposur-e 

factor ,ange d acco,ding to the o,ea involved. Accounts 

a,e given in each section of the wo,k. 

All , ad iograms we,e made on eithe, F rran1a 

or Ilfo,d high s pe ed films 1 4 x 17 inches with a h igh 

s peed intensifying sc ,een. 

Defo,e an y study was to begin, the animal ,ece ive d 

by i.m. ,oute a dose of acetylpromazine. Forty-five 

minutes later the horse was b,ought in to the x-ray ,oom 

f o r radiograp hy. 

One do s e was often sufficient for 

the day. A s e cond tranquilli zat ion was sometimes 

necessary after three to 3t hou,s, es pecially when comp­

l e te ,elaxation was desired. 

A. 2 . Experime ntal Animals 

The experimental studies wore made on four horses. 

the beginnin g of the study, t he foll owing were the age 

a nd weisht of each horse. 
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Horse No. 6237 - femal e - 3 years old ­

of appt"oximately 500 kgs. (1100 Ibs.) 

Horso No. 6205 - female - 3+ years old ­

of 400 kgs. (880 Ibs.) 

Horse No. 6637 - female - 18 months old ­

of approximately 350 kgs. (7701bs.) 

Horse No. 6626 - male - 14 months old ­

of approximately 250 kgs. ( 5501bs.) 

Primary studies were done on the two younger horses. 

When the procedures were established, they were re pea ted 

on the heavier horses. Each procedure was repeated twic e 

on each animal. When results varied, the studies were 

repeat ed until conclusions could be arrived at. If the 

exposure date varied considerably between the light and 

heavy horses, the var iations are reported. 

A. -':' . General :;ema r:,s ---.-.-;---­

There wore several problems involved with the 

radiological examination of the horse: 
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A.3.( a) Dit-oc tion 

In orde,- to achieve (1 diagnostic quality radia­

g ra ph the must be of at least two p l anes at right 

In some DQrts of the gastro-intestinal system 

of the horse, howe ver, it was impossible to a chieve t his 

without complote a na e sthesia because of anatomical 

considerotions. 

A.3.(b) Scat tered radiation 

Though the x-ray unit with which the project had 

to be carried out was powerful enough to produc e t he nec ­

ess a ry kilovoltage for penetration of the tis sue ma ss of 

t he horse's trun k , this did not ensure diagnos ti c rodio­

graphs with clear de fi niti on. The highe r t he kilovol tage, 

tho l arger the amount of scattered radiat ion , which t ended 

t o dif fu se the rcdi ograph ic image. Minimum Kilovoltage 

ha d to be but had the disadvan tage of longer 

-, ( ):'-", • ..:;. c :::;"x :?,.? su r c time 

Th o time of e xposure had to be as short as po s ­

si b l e. In 'iJor!,inrJ VJi th CI non-anaesthetized animal , 

longer e xposures increased the ris:< of moverl18nt dUr-ing 

the wh ich in t urn pr-oduceci unsharp 1 inas in 

the rad i o o ro. ;)h. HO\le vc r , 1 ir,1i t ins the exposu ,-e time 
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was related to the amount of x-rays (MA) which could be 

produced by the unit. Because of the size of the sub­

ject, the thicl(ness of the tissue i nvo lved, limiting 

the exposure time to short exposures, could not always 

be aChieved. It is understood, therefore, that the 

technique recommended for each section of the gastro­

intestinal tract of thc horse was a compromise between 

the conditions relativG to the part radiographed. 
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THE OF THE DIGESTIy"E SYSTEM OF THE HORSE 

8 . 1. 

8.1(a) Anatomy: 

The oesophagus extends from the pharynx to 

the stomach. It beg ins in the median plane above 

the anterior border of the cricoid cartilage of the 

larynx. 

At the fourth vertebra i t passes 

to the left of the trachea and remains in that 

position up to the third thoracic vertebra. At 

the level of the th i rd tho racic , vertebra it passes 

dorsally to the trachea and conti nues to cross the 

aort i c arch. At the crossing of the aortic arch 

it is pushed to the right of the median plane. It 

continues toward s the oe sophageal hiatus , where 

it is inclined towards tho left, terminating at 

the carelia, imme d i ate ly caudal to t he d iaphragm. 

The carc:ia is formed by a very strong circular 

muscle known as the ca r diac sph i ncter. No other 

is present in its enti re course . 

O.l(b)  Histology: 

As in ail animals, there are four 

whfch make up the oei ophageal wall: An f ibrous 

sheath, the tunica adventitia; a muscular coat; a submucouse 

. and the mucou se membrane. 
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The Ilorse's oeso phagus is in it s 

histolo a ica1 s t ruc t ure. in all animals 

striated nluscles are f ou nd throughout the oeso Jh a gus , 

in the horse they exten d only up to the base of 

the heart, where it is replac e d by smooth muscles. 

Th e mucosal lining of th e oesophagus forms longi t u­

dinal folds at rest. 

B.l(c) P hysiology: 

The act of deglutition is a slow peristalsis, 

where the food bolus is c ar ried down the oesophagus 

at a rate of 30 to 40 cm per second. and 

liquids, however, travel down at a much faster 

rate, up to 150 cm per second. 

For the purpose of stUdy, the oesophagus 

was divided into three part s: 

The cervical part, which te r minates at the 

thoracic inlet; 

The thoracic part, which terminates at the 

diaphraGm; 

The abdominal part, which terminat s s at the 

c ardiac sphincter. 

C.l(d) Da ta : 

( See table 1) 

 
 
 



TABLE 1: OESOPHAGUS DATA  

Diagnostic radiograms 
Total 

Horse number Lateral projection 
dorso-ventral Total 

projection number
number of Under

of 
exposures diagnostic 

exposed 

Plain Contrast : PlaiIl Contrast radiograms 

6637 28 10 11 21 2 

, 

6626 19 5 9 14 1 

6295 18 4 9 13 2 

6237 7 1 4 5 

Total 72 20 33 53 5 

% 100 27 45 74 7 

Non diagnostic radiograms 

Excessive 
scattered

Over 
• Motion radiation

exposed 
& 

other faults 

3 1 1 

2 . 2 

1 2 

1 1 

7 5 2 

10 7 2 

-. 
Total 

number 
of 

non-diag. 
radiograms 

7 

5 

5 

2 

19 

26 

.­

I ..... ..... 
I 
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B.l.l. Cervical Oesophagus 

8 .1.1.(0) Techniques: 

Plain exposure did not reveal the oe s o­

phagus. The normal.· oe sophagus blended into the 

soft tissues of tho neck and thoracic cavity and 

therefore was imperceptible on a radiograph unless 

contrast media were used. 

In order to demonstrate the cervical 

oesophagus or any section of it, the following 

three techniques we r e usedl 

i) Stomach tube insertion. 

ii) Air insuffl a tion. 

iii) Oarium contrast medium -intake. 

(i) stomach tube inse rtion was made by the 

routine method. 

( ii ) Air insufflat i on into the oesophagus was 

athieved by b lowing hard in t o t he stomach 

tube wh i ch wa s inserted only i nto the 

cervical oesophagus. 

( iii) Barium s ul phate was the most use ful form 

of contras t in the studie s of th e 

oesophagus . The composition of the 

barium sulphate paste : Barium 
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powdc r 2S0-3Uu 9111; VJCi te r 75-100 If::. • 

tion of I UU-ISU gill of sugar e n­

eourc09s the horsa to li ck the pas te by 

himse lf. If, howa ve r , the horse r efused 

to lick I t he paste was i"Jut onto h i s tongue 

VJi th Cl teas)oon. \;111on usins th i s te c h­

uxrosures we re mode a fter the las t 

spoonful. 

LCi t G r Q 1 :) t- 0 j e e t ion toe h n i c; u ,': : 

Exposure da t a for l aryno eal-pharyngeal area: 

For 250 9 hor'so: For 500 horse: 

!ZV 65 70 

HAS 2S r"IAS -> 

FFD 1 2 0 ern FFD 120 em 

Exposure elata for oesophaQus: 

250 :,0 horse: For 500 k g horse: 

t<v 50 KV 50 

11. ; .\ 5 20 iVli-\S 25 

r="FD 1 20 em FFD I e; cm 

Open ing of oesophagus into the pharynx: 

I n order to demonstrate the proximal 

oeso pha geal opening, the pharyngeal­

lcryngea l area was exposed (figure 3). 
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Fi gu re 3: 

The pharyngeal-laryngeal area. Note the tube pO$Slnq 
throug h the pharyn x into the oesophagus, 
1:·00 kg ho rse . !<V ,'0 32 FFD J.20 

:'':;.1.1. (b) Findings: 

( Se e table 2 ) 

(i) Longitudinal folds of oesophageal mucosa 

were demonstrated (figures 4 and 5). 
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TABLE 2: OESOPHAGUS FINDINGS  

- -

Excessive barium NarrowingLongitudinal Physiological Normal course Abdominal
indentationHorse accumulationfolds of sphincter of cervical !section

and ... thorac ic over the aorticnumber at t horacicmucosa at anterior end demonstrated 
inlet archdemonstrated dem demonstr ated 

+ 6637 ++ + + 

++6626 ++ + + 

-6295 -++ + + 

+-6237 -+ + ) 

+ Definitely present 

no sign 

" absent 

not investigated 

I 
f-" 
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'6295 

Figure II : 

The pharyngeal l a ryngeal area. Note the longitudinal  
folds of the mucosa.  
SOU i,.S horse. 70 ''(4. 3 2 ;="FD 120.  

6637 ..... . 

fiQure 5:  
The cerviccl a t t he l e v a l of t h e f ourth cervica l  
v GI't c b ra. Not e th e longi t ud i ncl f o ld s o f t he muc osa .  
J5 - kf; ho rsa. I(V 50 Mp.5 2 5 FFD 120.  
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(ii)  phys iolog ical sphincter was seen 

at anter io r end of the oesophag us (figures 

6 and 7) , 

6637 

Fi g ure  6: 

Th a nterior pur t of t he c - rvicol oeso ph agus . Note the Qlr 

ca;) tu r o d i n the lumen of the o e so;Jhog u s a r o un d the tube • 
.;;50 kg ho r s e; . 70 MAS 32 FFD 120. 
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6637 , 

7: 

'ntc r i or 
el G iI:. i ng down 
t he in s c r te 
J50 Iq; horse. 

e nd 
o f 

t ub

of 
th(-: 

e. 

th e 
ext

70 

cervic a l 
reme e nd 

f 1.I.\S 3 2 

o f the 

FFD 

oeso,)haJ

120. 

No te 
Lls 

tho 
on 

(iii ) Tho no rmal c u r ve of the 00 S0 hagus was 

vJe ll clel.l0n s tra t ec; . 
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8.1.1.(c) Discussion: 

( i )  Longitudinal mucosal lin i n g : 

The demonstration of longitudinal mucosal 

folds  in the cervical is of considerable 

2clinical importance. Alexander has shown t ha t 

o050phagitis obliterates the linear mucosal pattern 

of the  normal oesophagus. Normally, the bar i um 

p resents a homogeneous smooth app s oronce, but when 

oesophagitis is p resent - a fine stipp ling ap pear s 

( i i)  Tec hni q ue of exposure: 

The only work that ma de any note of the 

oe so,')hagu s in the lir,li tee! number of studies pre­

vi ousl y mentioned, is t h e wo rk of Drury, Dyce and 

9i/ie r l e n  . 

In th e ir experimental wo rk they produced 

good radio g raphs of the u ppe r cervi c al region with 

a stomach tube with the following exposure data: 

I(V 70;  FFD 86 c m, 

The radiogr a phs produced in our project, 

with or i thout contrast media, we r e achieved with 

a small e r expo sure end with a large r FFD. 60; 

f il.\S 2 5; FF D 1 20 cm). This vt/as possible due to the 
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hig h screens us;:;;,,:. Smo11er eX;)05UreS CH'e 

very irn;)ot"tant factors in the radiography of anim­

als since it shortens the exposure time needed, 

thus assu r in g definition of images on the 

(iii) Advantac Bs of barium paste: 

Demonstration of the cervical oe so pha geal 

mucosa was su ccessfully achieved by the use o f thick 

i)w-ium pas tG . Carium paste had an advantage ove t­

bariurn !;lcal not only in the fact that it coul d 

willingly be eaten by the horse, by licking it 

directly from tho bowl (that is if s ugar is added 

and the horse is fasted). 

Its major advantage was in the f ac t tha t 

there waS no need to radio0 r aph the animal at the 

sarno timo of foedin0 or d r enching it with barium. 

from the cervical oeso phagus minutes after the 

moal - bar-ium paste stayed in tho mucosal 

folds fo r at least 10-15 minutes after it entered 

the oesophagu s, This was important when 

working with a n an aesthetised horse because pos i­

of the animol for rac!iO[Ta; ihy tone-Jed to 

some tinlG. 
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Th is advantag e resu l ted in a good set of 

rad iog raphs of the cervi c al oesophagus. 

On0 cou l d clearly fol low t he course of the 

o e sophao us as i t was d e fined well. One c oul d s e e 

that at the level of the fourth cervical ver tebra 

it passed to the l ef t of the trachea and a t th e 

leve l of the sixth cervical ver t e b ra it mo ved 

sli ghtly dorsally to enter the thoracic 

Th o re was no doubt that this technique enabl e d a 

proper e xamination of oeso p hageal lumen, ooso­

phao e a l muc osa and oesophageal course. 

(iv) Anterior oesop haoe al sphi n cter : 

An apparent physiological sphi ncter existed 

at the entrance into the oeso p hagu s from the oral 

cavi ty. Evidence of a sphinc ter is c learly see n 

i n f i gure s 6 and 7, wh e re a widoning of the 

o e so phagu s is s een a t the oeso p hagus end at the 

p o i nt o f th e ent r anc e of the stomach tube into it. 

Th e o f p ro duci ng this radiograph was by 

air i n sufflation i nto tho oesophagus th rough the 

tube. The rad iograph I' o vea l cd thotthe o e s o p hag us 

d i lcltec1 undG I- the :.) j'e ssu r e of the air, b u t i t nal-­

r owe d to a compl e t e closure o f its walls on the 

...L Ilo4-l.od\s4 
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tube at the tube 's on trance po int into the 06S0­

This fecture re pea ted itsalf in all radio-

Such a functional is not mentioned 

J.n  on physioloS"J:;.', but its anatomical basi s 

" 
1S fully described in works on anatomy, ::'J.sson 29 

describes it as follows: 

".\ t the 0 0 50 ;')h09(;01 oriGin two bundles an 

inch wido arise from the wide postorior part of 

tho pharyngoal raphe and from a tendon common to 

the crico-pharyngeaus and thyro-pharyn ge us. Th e se 

bundlos dec ussate at their origin, divers u and 

poss t o Gach side of the oesophagus, In the angle 

betweon them a layer of circular muscles 

is visible. " 

The a ct of declutition th o refore is app a r ­

ently not 0 of the bolus of moistened 

into the opa nin o of the oesophag us which according 

lOto Dukes is opened by the pulling forward of the 

hyoid bono and the IcwYi,)(. It is logical to 

assume that there is some mechanism by which re­

laxation of that anterior oesophageal sphincter 

is achieved. The nature 0'[ thi s tncchani Sin, whethe r 

neural or' humoral, r81'11Oins to be, studied, 

 
 
 



The Thor a cic Oesophagus 

For the p u r Jose of a radiolog i c al Gxamination, t h e 

thoracic OUSOi)hClgus was divicloel i nt o sections: 

1. The thoracic inlet area. 

2. Tho aortic arc h area. 

3. The oesophageal hiatus area. 

The justification for the division lies in the fact tha t 

three physiolo g ical poin t s of elelay correspond ing to the 

a bovementioned areas Gxist 1n the act of swallowing. 

I"] r ,1 (
CJ •• 2. oJ The thoracic inlet area: 

The external markings of exposure are: 

dorsally - a line crossing tho lower thi r d of the 

s pine of the sca pula: posteriorly - a l ine perpen­

d icu lar to tho point of the olecranon; ven trally ­

a lino crossing tho lateral head of the humerus 

(figure, C). Tho area s hould be about 15 cm long. 
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F i gure  8: 

Th e ex t ernal for exposur o f t he t ho r a cic i nlet 
area. Note t he l ine o ver the o f t he scapula( s) a n d 
t he po i nt over the l et a 01 head o f the hume r us. (H). 

( i ) Data : ( Late ral P ro j ection ) 

For a 250 ho rse : ;or a 500 horse : 

1 (,'0 

l irO 

F FD 1 10 em.  FFD 1 10 cm. 

(ii)  F i n d i ngs:; 'adi ogral )hic finc.iings at the 

thorac i c inl e t are a we r e : ( See table 2) 

On the ;)1 ' i n norrilal r ad i ogra ph t he fo1 10w­

in __ 'Jl/cre s een: 

 
 
 



1 ) Th e: ';=i rst, second "nd t h i rd rib. 

2) H1 0 ima Ge s of th e two n e c k s of the 

sC Ci ) u l o e a n e.: th e ar ticul a tinG fossae. 

3)  The n a ro ! s pac e betwe e n the first 

thoracic vertebra Gnd the heads of the 

hume r ii. 

4 )  No e v i d e n c e of t he oeso p hagus wo s s e a n. 

After the usc of Ci cont ras t meal, 

the following we re o b s e r v e d : 

i) Accumulation of barium at the lowest 

point the co u s e o f the thoracic 

inl e t. T:.is was cl (; Cl rly s eem in radio­

c ra p hs modG whil e th e hors8 wa s eatina 

the b arium p a ste (f i J ure 9 ), and in 

9: 

Th e t horac ic inlet are a . No t e the long itudinal folus of 
the muc osa , and the accumul ation of co n trast me dia a t the 
thoracic in l e t i ts o l"l'. 250 k g horse. 85 MAS 130 
FFD 100 . 
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wit h the ba rium (fi c ure 10). 

i- i 0L1 r c l Q : 

The tho r acic in l et a GO . Nota ab s en ce of contrast mEdia  
a t t hc l lpc;radc ci por tion of the ou so;')hagu s an d the accumu­ 
lation at t he tho r a c ic s e ction.  
350 ho !<v 90 1,·\5 l : CJ FTD I e; •  

ii) t n upward course of th e oe sophagus was 

cl e arly seen aft e r it pas s ed the actual 

tho r a cic inl e t (fi gure 11). 
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FiGure 11:  

The t h o racic Note accumulation of c ontrast  
media a t the thoracic inlet a nd t he 10nJit udin a l folds of 
the mucosa. 
350 k g ho I-50 . 80 I:: S 130 FFO lCO. 

,\ o rti c arch a reo : 

Th e cour s e o f the o e s op h a g u s in thi s are a 

has been d e scribed pre v iously. The study of this 

sec t ion e as i e r from tho t e chn i c al a s pec t sinc e 

s horter co u ld b e used . ::::x to r na l rna I-I< i ngs 

o f oxposure: an area o f 20 cm lona a nd 1 5 cm wide , 

ti, e cent r e o f which is t h o he l f WCiy !)o i n t be t we e n 

the tO i:> 0 f th e 'wi the r s " o f t h e ho rse ( 5 tll a nd 6th 
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: :V 80 

i ,\ S 1:::;0 

-· ,:-D 1 1 U C i .-, 

,:- i n c' i n 0 s : 

1:-0, :::leu ,- I hors o : , 

100 

i "l/; 1:::0 

1 10 c r.i 
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tion of the thoracic oesophagus at the  

aortic arch area were:  

1) The oesophagus blended completely with  

the surrounding tissues on a plain radio­ 

graph.  

2) Introduction of a stomach tube demon­ 

strated the thoracic oesophagus.  

3) Barium paste demonstrated the longit ­

-udinal mucosal folds of the oesophagus 

(figure 11). 

4) A oomplete filling effect of the oeso­

phagus in this area was achieved by a 

rapid drench of barium me o l through a 

large diameter s tomach tube. 

S) In two ,of t he horse s studied the re was 

a narrowing indentation in the thoracic 

oesophagus as it crossed the ao rt ic a r ch 

(figure 13) . 
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Figure 13 : 

The thora c ic oesophagus at the aortic arch area. Note 
the comp l e te f illing achieved by r a p id drench. Al s o note 
the nar rowing i ndentation at the c ro ssing of the aorta. 
350 kg ho rse . KV 90 MAS 130 FFD 100. 

iii ) Discussion: 

The tho r a cic oesophagus is an important 

se c tion of the oesoph agus as f a r as t he radiol­

ogi st and th e clinician are concerned. The 

patholog i cal cond itions seen in the oe s ophagus 

 
 
 



-31­

are listed ln the li terature as follows: 

1 ) Fore i g n bodies.  

2) Cordiospasm.  

3) Change ln position.  

l 1 ) ., Secondary stenosis.  

5) Trauma and necrosis of the oesophageal  

mucosa. 

6) Hypertonicity (oesophagismus). 

7) Hypotonia. 

S) l-'aresis. 

9) Diverticulum. 

10) Intra- or extra-oesophageal neoplasms. 

Analysis of this list reveals that the majority 

of these conditions o cc ur in the thoracic section 

of the oesophagus. Forei gn bodies lodge mostly 

Gither at the t h orac ic inlet or at the aortic 

arch level. Divert icula , though occ ur ring in 

tho ce rvica l por tion as well, t e n d to appear at 

t he thoroci c inlet. In fact - excep t trauma and 

necrosis of the oesophageal mucoso, which occur 

more at the cervical portion of the oesophagus 

due to its proximity to the portal of entry of 

the ae tio log ical agent - most other oesophageal 

c ondi ti ons tend to appear in the thoracic portion 
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of the oesophagus. Needless to say, therefore, 

that radiological examination of the t h o racic 

oesophagus is of primary importance. The most 

striking feature of the contrast media radio­

graphs is the accumulation of barium in a dilated 

portion of the oesophagus at the lowest point 

along its course i. e . at t he centre of the 

thoracic inlet (figures 9 and 10 ) . The reason f o r 

thes e dil a tions is quite obvious when the upward 

turn of the oesophagus behind that point is 

noticed (figure 11). This part of t h e oe sopha g u s 

appears considerably narrower in the radiographs 

a nd the oesophagus only widens up again when 

its contour flattens after crossing the aortic 

arch (figure 13). 

Another interesting finding was the indentation 

of the thoracic oeso p ha g us as it crossed the aortic 

arch. This indentation was not seen at all in 

the empty or half-filled oesophagus. However', when 

the oesophagus was completely filled and exposure 

made at that moment, this indentation was clearly 

seen (figure 13). 
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One could the natu re of th is i ndenta tion 

and suggest that it may be a peri stal ti c wave. 

However, experience with r adi ologic al examination 

29of t h e alime ntary tract o f small animals has shown

that peristaltic waves o f deglu ti tion in the oe s o­

phagus, which starts at the pha r yn x. are abo li s h e d 

when a stomach tube is usod. The same was obser­

ved in the of t he horse. Radiogra ph s 

showed that the filling effect was by gravitation 

and no t by peristaltis. All barium meal examina­

tions were made using a stomach tube. 

It is therefore like ly that this indentation is 

the result of a pre ssure on the walls of the fu l l 

oesoph agus as i t crosses t he ao rt ic arch between 

t h e aorta and a zyg uos vein. 

10 . 1 . .It was repor ted that 1n the study of deg ut1t10n 

of a stand ing d 0 0 . one observed three physiologic a l 

points of de lay of barium: 

1. Thoracic entrance. 

2. Bifurca t ion of the trachea. 

3. Oe s ophageal hiatus at dia p h ragm. 

In the ho r se t here is a delay of passage of barium 

in the thoracic inlet and a o rtic arch crossing. No 

delay was observed at the oe sophageal hiatus. 
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These findings sU iJport the clinical e xe rience 

that most foreign ob j ect s lodge either at the 

thoracic inlet or at the aortic arch l e vel. 

8.1. 3 . The Abdom i nal Oesopha gus 

This section of the oesopha g us is a very short one 

- only two or three em. l on g. It is completely covered by 

the liver. 

(i) Technique: 

It was very hard to demonstrate this sec­

tion of the oesophagus. Barium studies either 

by paste or meal di d not reveal it. It was 

possible, howe ver , to demonstrate th e patt e rn of 

this section of the oesopha g u s by one techniqu e 

only: filling up of a st oma ch tube with barium, 

b l ocking the ends, and inserting it into tho 

stomach (figure 15). 

 
 
 



Fi g u r e 15: 

The abdomin a l oeso phagus, Note the stomach tube passing 
t h r ough the dia phragm into the stomach. 
400 kg horse. KV 130 tvi/'>.S 160 FFD 120. 

(ii) Exposure data: 

Same as for a lat e ral e xposure of the 

stoma ch. 

( ... )
\111 Disc ussion: 

The r e a s o n for the diffi cu l t y i n d e mo n ­

s t r ating this section was the sharp de s c e n t of 

the org an into the stomach, and t he s pe ed by 

which the cont e n t s of the oesophagus pas s ed down 

on to the cardia. On e had also to take i nto 

account the very dens e i mage of th e l iver which 

tende d to d iffuse the image of th e bar i um-fill e d 

oesopho9 Us. 
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I, "J ," L. ,
lJ.L.-. J"COLIC1Cn 

[;.2(C:;) /\nCltomy: 

The storilccn of the is a sharply curved 

sec, VJ ilich lies post e riol- to the and live r. It 

has a c u rvature which faces the 18ft side and a 

. \Sloe. Th (:; stomach 

J.. ,-
.;:) relative ly 580.11 a nd it is situated in the dorsal part 

of the abdominal cavity. 

When the stomach is in situ the oeso p hageal 

orifi ce , the cordia, lies in close proximity to the exit 

frmn the stm.1Cich, the pylorus - both situated o t the losser­

cLlrVClture. Tho !)ylon!s is J.ovJa ,- than the c arcl i a. 

,\bout 5-6 Cl'il fro .-" the pylorus th 8 r e is a constriction 

which off the pylOt-ic antrUf.l the rest of tho 

d gh t Sa c of the (fi c; ui'e l L;, ). 
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An e:oa ttoil- SI e c i r.le n of tho hor s e 's stoll1o ch 'fil le ci with 
Not c t he c onst r iction b e t ween the s ecu s ceacu s 

Ci nc.: t h ' ;1jl o \- ic I-avi on. 
5 i 2 5 FFD ISO 

TI1 0 :)0 si ti on o f t h e Ii 10 rus i t s c 1 f 5 r;)a by a di s t i n et 

co nst ri cti o n. Int o r ncl ly it pro sent s a rinG o f cir-

The stomach i s he l d in I)o si tion mainl y 

b ./ tho sun'ound i n s vi sc e i-a a nd by f i v e D \) r i toncal folds. 

 
 
 



DIAGRAM T: 

FRONTAL SECTION OF STOMACH AND FmST PART 
-38­

OF DUODENUM OF · HORSE 

SlI eCU$ CI16c,u.s 
Nl&/ff',y) 

1:JIV#RTICGlJ.;uM 

l) UD 1)[;1('1 • 

. (JAle q J.Hlll:> 

• 

SIS5 ON -t  

 

 
 
 



-39­

It receives blood from all tho branchas 

of the coeliac artery. It is drained by the gastric 

veins. It has a rich lymph drainage into the cisterna 

/\11 its nervous supply is QL!.tonornic. 

B.2(b) HistoloGY: 

The wall of the stomach is composed of the 

classical four layers: serosa, muscularis, sub­

mucOSa and mucosa. In the empty organ the mucosa forms 

numerous high, mostly longitudinal, folds. The mucous 

membrana has a multitude of glands which open into the 

gastric pits - thrcG parts having different glands are 

distinguished in tho stomach: the cardia, the fundus and 

tho pylorus region. The cardia area is also called tho 

oesophageal region. 

In tile the oesophageal region is 

making u;:, one thi rd to two f i "fths of tile mucous 

surface. It is nonglandular and is covered with stroti­

"fiad squamous epithelium continuous with that of the 

oesophagus. The cardiac gland zone is posterior the 09S0­

:)haC]ocll part and is narrow. The fundic gland zone 

is very large. Tho pyloric gland zone extends into the 

:Jylof'us. 
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B.2(c) Physioloay: 

Tha organ has two maJor functions in 

dioestion: It 1S a reserVOIr for swallowed food and it 

cl so digests food. The fact that the ho may swallo\v, 

duritiS) a nl001, h;Jico or thl'OG tiri\6S the arl10unt of food 

remaining in its stomach at the end of the meal was 

lO
sucgested as a proof that the role of the stomach in 

di c estion is rather a small ono - since food passes very 

rap idly out of the stomach. 

In the stomach the food is thorou£hly 

moistened, softened Gnd partially dissol v ed b y gastric 

juice, and ground by the contraction of the muscular 

VJcll. 

As tho food enters the stomach through 

the cardia it is exposed to the mixing action 

of the orgon, which is possible by the presence of the 

oxternal musculo,' coat. (.\t th0 SOlTI0 timG tho food is 

subjocted to larg o amounts of gastric juice which are 

baing secreted by the gastric glands. The secretion of 

juice is a continuous process In the horse. It 

was found that the horse secrets 10 - 30 litres of gastric 

, ., le
juice GCll..cy 
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Emptying iiTI;.iodiato ly after tho meal 

14 has begun. Ellcnberger reports that th o stomach of the 

horse is really never empty. It always contains some 

"C:',I'''!-;'-'..... cl_ (o,\.I s food from con-r revious moals. ;}.s 

tractions of the stomach be g in - food is be in o forced out 

to the intestines throuGh the pylorus. 

n r, ( .)u. c; data: 

(Sec table 3). 

3.2.1. Techniquos: 

c.; _1 (Right side).w.",___:-> ? U . projection: 

(i) Area of exposure: an area of 10 cm 

wide and 15 cm long, tho centre of which is the half 

way point between th o lowest poi n t on the bock line 

cnc: the ImJ.)st on cbc;orninol mid-l ine 

(fi s; ure 16). 

 
 
 



TABLE 3: STOMACH DATA  

Diagnostic radiograms Non diagnostic radiograms 
Total D orso-ventral Total Excessive Total 

Horse number Lateral projection projection n umber Under Over scattered number 
number of 

- Motion I 

of exposed exposed radiation of 
exposures dia gnost ic & non-diag. 

P la in Contrast Pla in Contr ast r adiograms other faults r a.diograms 

6637 27 1 5 1 13 20 3 1 1 2 7 

6626 33 2 10 2 16 30 1 2 I 3 

6295 21 1 1 1 14 17 2 1 1 4 

6237 6 2 3 5 1 1 I 

Total 87 4 18 4 46 72 6 3 3 3 15 

% 100 5 21 5 52 83 7 3 3 3 17 

I  

t!3 
I  
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Figure 16: 

External markings for a lateral exposure of the stomach. 
Note the oblique line ma r king the diaphragm. 

( .. ) Exposure elata: 

For 250 kg horse: For 500 kg horse: 

KV 115 KV 160 

tviAS 130 M.I\S 2CJO 

FFD 110 cm. FFD 110 cm. 

(iii) Air insufflation technique: 

Air wa s inflated into the stomach through 

a stomach tu be . 
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(iv) Contrast medium technique: 

Barium meal was introduced into the 

stomach through a stomach tube. The volume was 

1000 11'11 of barium sulfate solution containing 100 

percent w/v for a 1 year old horse, and 2000 ml 

of the Same solution for a 3 year old horse. 

B.2.l(b)Dorso-ventral exposure: 

(i) Area of exposure: An area of 10-15 cm 

long on the dorsal midline of the horse. Starting 

five cm behind the withers of the horse (5th and 

6th thoracic spines). The area must be five cm 

wide on each side of the midline. 

(ii) Cassette positioning: In order to 

achieve a dorso-ventral (dv) exposure, it was 

necessary to have the cassette under the horse'S 

abdOMen. This was achieved by using a four wheel 

trolley. The cassette was placed on the upper 

shelf of the trolley, the height of which was ad­

justed by adding several flat books or empty 

cassettes under the cassette used for the exposure. 

The cassette barely touched the abdomen. A 
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Dortoble grid (size 15/10, 75 lines per inch, 

ratio 6,5) WQS used above the cassette. By using 

the g rid, the amount of scattered waS 

cut 17). 

Figure 17: 

Positionin9 of animal and cassette for a dorso ventral 
of the stomach. r\lot e i)osi tion of the tube (5 cm 

behind "withers " of the horse). 
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(iii)  Exposure data: 

For 2 50 kg horse: For 500 kg horse: 

170 KV 1 70 

11'1 S 16U-170 ,'LAS 200 

f--FD 110 FFD 110 cm. 

8 .2.2. Fi ndi ngs: 

(Se6 table L) ). 

' i ) of thes t omach var ied c onsi de r ably 

with the a mount of its content. 

f • • ) 
\ 1 1  Expansion of t he stomach oc cu r red towards 

the cranial pa r t o f t he abdomen , i.e. t owa r ds the 

diap r a£m (figu re 18) . 

37. 

Figure  13: 

Latera l exposure of the ante r i or aspect of a fu ll stomach.  
Note progre ss ing proximi ty t o the di a ph r agm.  
3 50 kO ho rsc . KV 1 30 20 0 FFD 100.  

 
 
 



TABLE 4: STOMACH FINDINGS  

Horse 
nmnber 

6637 

6626 

Variations in 
shape & size of 
stomach in same 

horse 

+ -

+ 

Expansion 
occurs 

cranially 

+ 

+ 

Position of pylcrrus 

Left of Right of 
midline m idline 

+ 

+ 

Food leaves 
stomach 

during meal 

+ 

+ 

time 
of stomach 

studied 
(No. of experiments) 

4 

5 

6295 + + + 2 

6237 + 

- - ­ - ­ - - -- ­ -
, 

- -

+ 

- - - - --

+ 1 

J.. 
..;J 
I 

 
 
 



- 48­

( ... \ 
lll) '.ihe n the stoma ch con tract e d af ter a comp­

l a t e evacua t ion it retreated towards the caudal 

a spect, thus move d away from the 

(fi gu re 19). 

F igure 19: 

La t e r a l expo s ure of half full stoma ch. Note the fluid 
l eve l of t he ba r ium mea l. 
2 50 kg ho rS6 • 110 IVir S 17 0 FFD 100 

(iv) Stomach position was not cons t a nt, e van 

in the same an imal. It va r ied considera b l y from 

time to time. 
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(v) Size and shape of the stomach we re very 

and determinod by changed peristalsis. 

One hour af ter the meal it looked tubular like a 

s e ction of a t y re (figure 20). 

20: 

Dorso-v e ntral exposure of stomach ona and a half hours 
af t er barium mdo l dre nch . No te t he tubul ar of the 
orgon. 

5 170 jVi,l.S 17 0 FFD 10 • 

(v i) The positi o n of t he py l o ru s was not 

f ixe d. In s ome c ases it wa s to the r i gh t of the 

midli ne, in others - o n the mi dl ine it s e l f, under 
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the tho rac ic vertebrae . In most cases, howeve r, 

it VJQS to the l e f t of the mi ' line (figures 21, 

22 Gnd 23). 

6637..... . 

i::- i gure 2 1:  

Do r s o -ve nt ra l e xpo su re of a fu ll stomac h. Note that the  
pos i ti on o f t he antrum is to t he ri g h t of t he 
mi d li ne ( v e rteb r al column ). 
3 50 kg horse. KV 17U j·iAS 200 FF D 100 . 
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f--igure 22: 

Dorso-ve n t r al e x posure of a full stomach. Not e that t he  
position of the pyloric an trum is to the l e ft of the mid­ 
line (ve t e bral column).  
2 50 ho rse. 170 fvL..\ S 170 FFD 100.  

&8 37.. 

F igu r e 2 3 : 

Dorso-ventral e xposure o f the full stomach. f\ ote the  
lesser curva t ure of t h e s t oma c h. Note that the en ti re  
py loric r eg ion is o f t he midline.  
3 50 kg horse. KV 170 MAS 200 FFD 100.  
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(v ii) Latera l pro jec tion of the stomach 

af ter air insuf flat i o n provided information about 

t he prox imi ty o f t he stomach to the diaphragm. It 

a lso s howed a f luid l eve l (figure s 19 and 24 ). 

Fi gu r e 24 : 

La t eral expo sure of an e mpty stomac h a ft er a 1r insufflation.  
No t e s tomach t ube l oops i nside t he stoma c h .  
400 1<9 horse . 1 30 fl.1AS 1 60 FFD 120.  

(v iii) It wa s no t po ss i bl e to demonstr a t e the 

s tomach wh en the horse wa s no t f as t ed . 
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(i x) Food started to l eav e t he stoma ch 

i mme diately the meal , and wa s s een in the 

py loric ant rum as early a s 10 minutes after the 

bcginnin£ of the me a l (fi gure 25). 

Fi gure 25 : 

Dor sa-ventral exposu re of t hs pyl o rus 10 minutes af ter 
bar i ul ,-1 meal drench . Not e t he pyl o rus d i r ect ly on the 
mi dl i ne. 2 50 I<g horse. KV 170 170 FFD 100. 

(x ) Gastric time va ried considerably 

wit h the t y pe of foo d con sumed . (See t ab l e 5). 

( Figure s 26 , 27 , 28 and 

 
 
 



TABLE 5: FOOD REMAINING IN STOMACH  

Meal 
before 
study 

Contrast 
Media 30m 60m 90m 120m 150m 180m 210m 240m 290m 300m 360m 390m 420m 450m 

Horse 
studied 

lNomber 
of 

studies 

I 

I Barium 6637 2 

None sulphate + + + + + 't - - - - - - - - 6626 3 

900 ml. - 6295 
6237 

1 
1 

- -

2 Ibs. 
Barium 6626 2 

of sulphate + + + + + + + + t + - - - -
feed 

900 ml. - 6295 1 

Hay ad. 
libtum 

Barium 

sulphate 

900 m}. 

+ + + + + + + + + + + 
-

- - -
6637 1 

Green 
Lucerne 

Barium 
sulphate 
smeared + 
soaked on 
Lucerne 

+ + + + + + + + 

- - ­

+ + + + + + 
-

6637 1 

I 

Note: The -: Sign is for the stage when last traces of contrast media are seen at the pylorus only. I 
c;.TI 
t+:>o 
I 

 
 
 



Fi g ure 26: 

Do rso-ven t ral e xposure of t he pyloric antrum 120 mi nutes 
a fter t h e dre nc h of barium meal . Note con tras t med ia 
stomach. 250 kg horse. KV 170 170 FFD 100. 

27:  
Do rso-ven tral expo su ra of the py l o ric an t rum 2 10 minutes  
g ft er t h e drench . Note the s Ga ll a mo unt of c ontrast . ed i a  
l ef t. con t r a s t media s e e n in d uodena l l oops .  
250 1<,_ ho ,- s a . KV 1 70 170 FFD 100 .  
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Fi g ure 28: 

Dorso-ventral exposure of t he pylo ric an t rum 100 minu t e s 
after 2 k0 of concen trate s mi xed with bar i um wa s c onsumed. 
Note large amounts of contras t p r esent ye t in stomach . 
250 1< 9 ho rse . VV 170 170 FF D 100 . 

Fi gure 29: 

Dorso-ventral exposure 
of pyloric a n trum o f 
t he horse 2 10 minutes 
after t he me a l. Note 
the muc os 1 fold s of 
t he con t racted stomac h. 
Most ba rium is in the 
d uodenum . 
350 kg hor se . KV 170 
Mi'\S 200 FFD 100 
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• 

8 . 2.3. Discussion: 

(i) Technique : 

to techniques of study of the 

stomach of the horse were made in the literature 

1,9,12 However, of those who published any 

data only on a relatively grown 

1 12horse. Other references' concern suckling or 

neonatal foals. In his studies Druryet made 

r'adiographic studios on a 200 kg pony . Hi s 

exposure data were KV 85, MAS 240, FFD 80. 

When these data are evaluated against 

radiographs he produced, it appeared that he had 

to componsate for a low I<ilovo). t output of his 

unit by increasing time of expos ure. The studies 

had to be carried out on an anaesthetised animal, 

in a recumbent position, with artificial suspen­

sion of respiration. 

I t is a great advantage if one could hav.e 

a more powerful unit which could produce higher 

kilovolts and cut short the time of exposure. 

Tho best is to enable -the examiner to take 

short exposures on a standing animal, as has been 

done in this work. 
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It was established in a g reeme nt with 

previous findinQs that the.dorso-ventral exposu re 

is the only way to study the stomach and its 

parts. This view was e xpressed in previous pub­

1 " t" 1,9,12 12 .1ca 10ns • Dyce states : "In the lateral 

projection it is rarely possib l e to determine much 

of the conformation of the pars pylorica •• • ••• " 

"The form of the stomach is d emonstrated be s t in 

the dorsal view". 

In order to the rea s on for the 

difficulty to demonstrate dif f erent port s o f th e 

stomach in lateral an examination o f 

isolated stomachs of a d ul t wa s undertake n 

at on early phase o f this rese arch project. Fou r 

isolated fresh stoma chs o f on aba t toir 

have been and fi l led up with barium solution, 

after pyloric a nd cardiac opening s have bee n 

(figure 14). When the stomach was filled, 

one could easily s e e that the card i a and pylo ruS 

lie on almost the s ame pl a ne a s t he saccu s caecu s, 

thus overlapping p rojection o f the 

organ. 
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The lateral projection, however , has its 

value; it is a better way to demonstrate the 

cranial bordor of the stomach and its relationship 

with the The lateral projection was 

the methcd by which,the expansion 

o f the stomach was determined. It was established 

that the stomach moves cranially towards the 

diaphragm when i t is filled UP. and away from it ­

caudally as it empties •. This observation is not 

in accordance with who states that: " In 

the adult horse the long axis is generally in­

clined cranio-ventrally • ••• as it contracts, the 

s tomach withdraws from the abdominal parts." The 

relationship of the stomach with the diaphragm 

is a matter which warrants further e xamination. 

(i{) Position of the stomach: 

The exact p lace of the stomach in the 

abdominal topography is a controversial subject. 

Even in anatomy text books the re are disag ree­

ments. 5 isson29 says that the stomach is situ­

ated mainly to the left of the mi d line. E11en­

berger-Bourn14 says that at the plane of the 
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scapular the stomach extends considerably 

to the right of the midl i ne (Diagram II). 

12Reports in the l i terature vary. Dyce 

says that its skeletal relations va ry with the 

volume and the phase of respirat i on, and that the 

Qreater part of the organ is found to the left of 

the midline, and on occasion only th e 

section extends into tho ri ght half of the 

abdomen. corrrnonly, according to Dyce , "only 

the narrow pyloric limb passes below the ve rtebrae 

arid "for some considerabl e way to the r ight. " 

lAlexander and Benzie f6und t he s t omach to 

be on the left of t he median Drury et a 19 

reports the pyloric antrum and s inus to oVerlie 

the vertebral column . 

The studi e s in this project have shoWn 

that the re is no consta nt pl ace f or the stomach 

Qr the pylorus in the topography of the a bdomen 

of the horse . It is true tha t the bu lk o f the 

stomach is always to the left of the mi dline, 

but the prepyloric area and the pylorus antrum are 

often foupd either on t he midline or completely 

to . the right of i t. 
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POSITION OF STOMACH 

AT SCAPULAR NECK 

LEVEL 
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9ht Dorsal 
Colon 

--­....--0#---1 Le ft Ve:ntYQ I 
Coron 
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(iii)  Gastric emptying time: 

Some  information about the subject has been 

lreported before , but dealt with the rate of 

passage of milf:-barium mixture through the gastro­

intestinal tract of a suckling foal, as compared 

to passage of barium solution in a four months 

old weaned fool. 

It is interesting to note that the time 

which was reported for a complete emptying time of 

barium meal of the stomach of a weaned four months 

old foal was the same as was found for an adult 

horse In this work. (T here were differences in 

other parts of the troct between a suckling and 

weaned foal). 

This study revealed that the apparent 

emptying time of the stomach is shortest with a 

barium meal, longer with hay and longest with 

g reen fodder. Food does not leave the stomach 

un til it is compl e tely saturated by gastric juices. 

This process is shortest with concentrated feed, 

l o nger with hay which is partly broken by the 

process of the curing and bailing, and longest with 

g reen fodder cut just before being offered to the 

horse. 

 
 
 



The s t udy has conf i rmed prev ious reports 

10, 1 4 that t he stomac h of t he h o rse does not hold 

all t he con tent s of an en tire The f act that 

food was seen at t he pyloric an trum and duodenum 

as ear ly as 10 minutes after the meal , i nd icated 

that there wa s some di ges ted food from a preVlOUS 

meal in t he s t omac h, in sp ite of 24 hour s fast. 

10Du ke s re ports findings of earl y workers tha t t he 

s t omach of t h e horse does not empty itself be tween 

meals, nor does it empty itsel f co . pl etely even 

a fter a 24 hour s fast. It is probably this 

d i oe s t ed foo d from previous meals whic h leave s the 

stomach fi r st as soon as stomach movement s beg in. 
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8. 3 . Smal l I n t e sti n e s 

J.3.l.  Du o d e n um 

8.3.1( 0 ) Anat omy: 

Tho c; u o de nufil i s t h e f i pc rt 0 -f the 

small intestine, and 1S the only fixed pa r t. It 

is a bout 90 -120 em long a n d is divided into t h r ee 

parts. The first part beg ins be hind the pylo r u s, 

Gnd is dir e cte d caudally fer a short distance. It 

then turns d orsally and conti n ue s c ran i a lly f or 

10-15 cm to turn again ca udally by a ventral 

convexity. This pe rt is in contact wi th the middle 

and ri Qh t lobes of the liver, and to t he right of 

the rnidl i n a . In this section , a bout 12-15 cm from 

tho pylorus, t h e pancreatic duct end the bile 

duct into the duoden um. The secolld part 

passes ventral to the right lobe o f th e li vor 

a nd reache S t he ri ght kidne y and the base of t h e 

caecum. The third part passes from the right side 

of the body to tho l e ft behind the root of the 

The s aC CU l a tion of t h e duode num has a 

diarrle ter of a bout 7-10 Ciil. Unly the first a r t 

of it is well f i xed. Th e s e cond and thi r d parts 

oro l o o sely attached . 
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B.3 .1(b) Histology: 

The wal l of t he duode num consist s of t he 

f ou r l ayer cOCitS : serosa, mu scu la ri s, s u b-muc osa 

and muc o sa. The muscu lar l aye r consi sts o f exter­

nal long i tud inal and internal c ircu l a r l ayer s, the 

l a t t er bei ng thi c ker. Thc l aye r c o n t a i n s 

a lveo lar glands . TI ei r duct · er f o r a tes t h e muc osa 

a nd u p i nto the i ntestina l l umen. 

8.3 .1 (c) Physiology: 

The materia l l e av in g the s tomach - t he chyme 

undergo e s in t he duode num : It 

is expo s ed to t he enzyma tic acti on of 

juice whi c h di gests th e fats i n t he c hyme , a nd act 

o n c arbohyd rates . It i s bei n G to t he 

acti on of the d uodenal g land sec r et i ons, which 

al-e believed to contain oLly l ase. Fats and hi ghe r 

f a tt y acids ar e di g e sted mostly in the du o denum by 

tho action of t he bilo, which ac t ivates t he pa n­

creat i c enzymes . The s e ac tions are beina 

accomp lished whi l e t he peri stal t ic movements push 

the duodenal contents fo rward. Not much is known 

on the na ture and o f these mo vemen ts in the 

hor s e . 
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a.J.l(d) Experime n ta l data: 

( See t ab le 6 ). 

8. 3. 1 .1(0 ) Tech n ique s: 

Two technique s were used: I) dorso ventral 

proj ection, and II) la t eral proj ection. 

I ) Do r so-ven tral p r oject i on: 

i ) Are a o f exposure: For the duodeno­

pylo r i c junction an area of 1 5 em long and 10 em 

wi e, i mmedia t ely to tl, G ri ght of t he dor s al mi d­

line, 10 caudal to the wither s o f the horse . 

Thi s area co rrespond s t o the area o f expos ure o f 

t he stomach, for being en t irely to the right 

of the rnici l i nG . 

For t he first pa rt of duode num an a ea of 

15 cm long 10 cm wi de , immod iately c audal to 

t he a re a prev i ousl y de s cr i bed, and f ivG cm away 

f r om t he mi d l i ne to the righ t . 

ii)  Ex , osure d ata : 

For 2 5 0 !< r.- ho : For 500 k0 horse : 

KV 1"10 KV 170 

fv:: S 160- 170 l'iAS 200 

FFD 110 cm. FFD 1 10 cm. 

 
 
 



TABLE 6: SMALL INTESTINES DAT_A  

Total 
Horse number 
number of 

6637 18 

6626 31 

6295 

6237 8 

Total 57 

% 100 

-- ­

Diagnostic radiograms Non-diagnostic radiograms 

Lateral Dorso ventral 
Total Excessive 

number of Under Over _scattered
projection projection Motion

diagnostic exposed exposed radiation & 
Plain Contrast Plain Contrast radiograms other faults 

2 1 2 8 13 2 3 

2 6 2 15 25 3 3 

1 1 2 2 6 1 1 

5 7 6 25 44 6 7 · 

.­

9 13 11 43 76 11 13 

Total 
number 
of non 

diagnostic 
radiograms 

5 

6 

2 

13 

24 

Horse injured 

imself and was 

ot available 
or research. 

I 
0:. 

I 
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II) Lateral projection: 

i ) Area of 5ame.as for la teral 

pro jection of the stoma ch. 

ii) datos Some as f or lateral 

projection of tho stomach, 

Contrast media: 1 kg of w/v barium sulphate 

meal, introduced into the stomach by a stomach 

tube . 

B.3 .1.l(b) Findings: 

(See table 7). 

i) Con t r a s t medi um was es sential . It wa s 

to cl e arly tho fi rst part of 

the duodenum (figu r e 30 ). 

Fi g ure 30 : 

Do rso-vent ral 
expo sure of the 
s i 0n1oid section 
of the d uodenum 
imme diately after 
barium drench. 
2 5 0 [<g horse .KV 
170, r·vi/\::; 170, 
FFD 100. 

 
 
 



TABLE 7: SMALL INTESTINES FINDINGS  

I 

ContrastHorse 
medium 

number 
essential 

Sigmoid ·. sectionPyloro-du crlenal Coils of ileo-jejunum 
junction of duodenum 

demonstra t ed demonstrated demonstrated 

Identification of parts 
.beyoncf s igmoid section 

of the duodenum 

. + 6637 + + --

+.+ +6626 + -

6295 

+6237 + + + -
'-­

I 
0) 

CQ  
I  

 
 
 



- 70 ­

Howaver, within 15 minutes ofter d r e nc h ing, the 

i mage of t he duodonum was oblite rated by ba rium 

i n other segments of t he small intestines 

( figure 31). 

Figure 3 1 : 

Dorso- v e n t r al expos,ureof t he sigmoid sectio n of the 
d uod e num 30 minutes o f ter t he drench. Note obliteration 
of t he c o ntour of the section o 
250 kg horse. KV 170 MAS 170 FFD 100 . 

i i) It wos po s sibJl e to <:lemons t rate the pyloro­

duodenal Th is a lso ,was cl e ar on ly 

withi n the first ten mi n u tes a f t e r d r e nc h ing the 

wi t h th& contras t medi um (figure 30) . 
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iii) It was poss ibl e t o demo n s t rat e s ec tion s o r. 

t he f i rs t par t of the duodenum beh i nd t he sigmo i d 

sect ion ( fig u r J 2) . 

Dors o- ve n t ra l ex osure of the duodenum posterior to the 
si gmo id section . 
350 l<g horse . KV 170 MAS 200 FFD 100 
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i v) The pOI-ts of the duodenum beyond the middl e 

l obe of the li ver va ry in their abdominal po s i tion. 

The s e pa rts were s e e n di r octly be l ow the mi d line 

a nd to the right o f it (figure 32). 

v) It was not poss i bl o to demo nstrate cl e ar ly any 

part of the duodenum by latera l projection. 

vi) The p lace of the sigmoid s ec t ion of t he 

duod enum was not constan t. I t varied f rom 

under the vertebral col umn t o the righ t of it. 

3. 3.1 ,l( c ) Discussion: 

i) Tec hn i que s: It was no t poss ible to 

demons tra te the duod e num by l a te ra l p roj e ction . 

Th is i s boc ause the pOI-t o f the duodenum 

l i e s in t he same hor izontal p lane as the stomach . 

The s tomac h s i lhouette comp l e tely t he 

duode n um when a lateral project i on was made. On l y 

dorso-ventral projec ti on e l imi nated this problem. 

12 The s ame fin di ng s are r epo rted by Dyc e , though 

he only occ asionally iden tified t he duodenum. 

It was f ounc t hat the quantity of 

stomac h content evacua tecJ in t o the duoc en um d id 

no t very with the t o tal c o n t ent of the stomac h, 
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t hus 0 C';uanti t y of 2 or 3 '<iIos of bari um intro­

by stomac h t ubG , wa s drainod into t he 

duodenum by pe r i stalti c waves simi lar in size to 

those of a (,ua n ti t y of on ly one kilo of barium 

mool in the stomach . It i s therefore su f fic ien t 

t o i ntrod uce one kil o o f bar i um s ul hate me a l for 

tho purpose o f study o f the f irst par t of the 

duodenum. 

ii ) Po sit i on of t he duodenum: The re sults 

of thi s stud y are not in acc ordance wi th f indings 

' . d f3 . Ira po r t ee prevlously. Aloxande r an I 

r e por t ed that t he posit ion of the duodenum was 

constan t. They, howe ve r, d id no t i denti f y any 

par t of the duodenum o t her than its beginning. 

In our s t udy it wa s possi b l e to demon strate s e c­

t ions of t he duode num c e udal to t he sigmoid se c ­

tion. Those sections varied in t he i r posi ti on. 

. 14 29 a fac t WhlCh c o rre sponds to the ana tomy t e xt s ' . 

These secti o n s , howe ve r, c ou l d o n ly b e 

clearly i denti f ied within the f i rs t t h irty 

mi nu t e s af te r dre n c h i ng of t he hors e. Afte r 

t hat - the c o n t our l ine s we r e obli t erated by 

bar i um f illed c oil s of the i ntest­
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DOi-So-vc n tl-al 
eX;:)OSLI re of th 
cluocienur" 1:0 
minutes af t er 
tho drench . 
Not a complete 
distortion of 
the contour of 
the duode num by 
supe r ir(I{Jos i ng 
duodenal coi l s . 
250 ho rsc. 
KV 170 170 
FFD 100. 

(="i!.,;uro 34: 

Dorso-ven tral 
exposL!r-: of tho 
first sect i on of 
the duoden um l OC 
minutes f t er­
tho drench. No t e 
loss 0"" any
arch i 
2 5u ho rso . 

170 r,i/\S 170 
F-D 100. 
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i i i ) ' JG i a ht o f s ubject : In o f a l l 

e f f o r t s, i t wa s no t possibl e to produ c e good 

of t ho duodenum on a ho r s e weighino 

.t:OO-5UO kilos, This is ""here t he limi t at i on of 

t he machi ne wa s no tice d mo s t. 

ve n tral o f the duoden um invo lved 

of the t hi ef,est P<.l t of the abdomen ­

thic i<er tha n the of the s t omach or t he pel v i s. 

In this Pa\- t, i nc reased :,i lovol ts and mi l li 

aLI;")o r s VJere neec;cd , YJhich t ee.: in longer 

exposure timo and inc reased amount o f scattered 

radi at i on. Motion an d scatte r ed r a dia tion 

i ntorfe r ed s -r i ously with the production o f go od 

radi oJra.)hs. 

It seems a s if large r an d heav i er horses 

may have to be anae s theti z e d f o r r a d io l ogic a l 

examinat i on of t ho duodenum . 

8.::::.2. I f2o-jejunum 

8.3.2( 0). Ana t omy : 

The mc s enter i c part of the smal l intes t ­

ine i s conve ntiona l l y s ubd iv ided into je j unum 

an d ileum, thouGh no cleor dema rkat i on be t ween 
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the two exist. This part of the digestive system 

varies so much in position, that no description 

of its abdominal relationship is possible. It 

lios in numerous coils allover the abdomen, but 

chiefly in its left dorsQ! part; The diameter of 

tho coils is 6-7t cm. They are suspended from 

the dorsal abdominal wall by the great mesentery. 

C . 3 .2(b). Hi stology: 

The histologica l structure is 

to that of the duod enum, with the addition of two 

more st r ucturps that a ppe a r throughout its length: 

The intestinal glands and Payer's patches. The 

intostinal olands a re simple tubular glands which 

oj:)en into the IUlilen of the intestines. Payer' s 

patches are aooregated nodul e s of lymphoid tissue 

which are situated chief l y on the mucosa oppo s ite 

the mesenteric at t achment. These are l a r ge 

structures that may reach the size of 17 cm X 

38 cm in a young horse . 

B.3.2(c). Physiology: 

Several phas es of the digestive process 

place in the j e juno-ileol section. These 

include othors , the digestion of fats. by 
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bi lo , chenoo of pH of the chyme from a cid to 

li ke substances, hydrol ys is of bisacharides into 

Ol uc os8 i'lloleculcs and of ava i l ablo 

teins. 

Te chniquos: 

Two were used: r) lateral 

projection, and II) dorso-ventral projection. 

I) Latel-al proj ection: 

Area of exposure: Antario-laterol abdom- n 

on the riOht side. (Coils of small intestines 

chcm08 t he ir positionv-.o.th peristCilsis). 

Exposure data: 

For 250 kg ho rsc : For 500 kg horse: 

V,V 110 1JO 

160 -170 j\ 'I/\,5 170 

FFD 110 em. FFD 110 cm. 

T .• ) Do r so - ventral projecti on : 

Arec of exposure: Any area on th e left 

side of t ho l owest point on the dorsal iiliclline of 
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Exposure data: 

For 250 kg horse : For 500 kg horse : 

KV 

MAS 

FFD 

160 

160 MAS 

110 cm. FFD 

170 

200 

110 cm. 

Contras t medium: Same composit i on and 

amount as f or the duodenum. 

B.3.2.1(b) Findings: 

(See table 7) 

i) It wa s possib l e to demonstra te coi ls of 

small intestine s , but onl y af t er mak i ng s everal 

scanning radiog raphs of the lateral a bdomen 

( fi gure s 35 and 36) . 

Fi g u re 35: 

Oorso-ventral 
exposure of small 
i ntestines. 
350 kg horse. 
KV 170 tv'IAS 200 
FFO 100. 
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140 MIN 8826 

Fi g u r e 36 : 

Dorsa-ventral ex)osure of s mal l i ntestine s. 
250 kg ho rse . 1 7 0 MAS 170 FFD ICC . 

ii) It was not po s s ible to differentiate 

the section s of the i leo-jejunum part o f the 

small i n testi nes . 
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ii i) It was no t poss ible to i nt e r p ret 

full y t he radiogram s whic h were made. 

iv) It was po ss ib l e to produce defini te 

ima g e s of small intestinal coils by the dorso­

ventral p ro j ection. Lateral pro j ec tion p r od uced 

definit e contour s of intestinal coils too. 

v) Sho rtl y after d r e nching, peris t al si s 

of bari um could be s een on lateral project i on 

(fi g ure 37). 

Figure 37 : 

Lateral exposu re o f sma l l i ntestines. Note sections of 
in t es t ines separated by pe ristallic waves . 
250 kg horse. !(V 110 170 FFD 100 . 
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B.3.2.l( c) Discus s i on: 

The small intestines are a n important part 

of the cl i nical examina t ion of diges tive distur­

bances in t he horse. There are n umerous condit ion s 

which ori gi nate in fa ult y functi on of this sect ion 

o f the gastro-intestinal trac t . The condition 

which commonly calls for e xamination of the 

small intestine is colic. Co l ic may originate in 

the smal l inte s t ines due to hyper-per i stal sis , 

gas occummul a ti o n, i ntus susceptio n a n d parasitic 

infe s tati o n. To t he c lin ician a r ad iological 

examination o f the smal l intesti ne s may prove of 

great va l ue. 

It is interest i ng t o note that the few 

previous re co r ds o f r adi o log i cal examina ti on of t he 

gastro-intestinal trac t of t he foa l present e d 

fairly good rad i ographs of t he mesente ri c parts 

. . 1 ,1 2 12. o f t h e small lntest l nes . However, Dyce 1n 

his disc u ssion c ommehts t ha t the s al ien t di s ti nc­

tion of the g astro-inte sti na l t ract of the neo­

natal f oal ap peared to be i t s rela tive ly narrow 

caliber. The di f ference i n ca l iber of the 
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intestinal coils between the new born foal and a 

Grown horse may we ll explain the difficulty in 

producing small intestine radiographs. The 

major factor which interferes with the identi­

fication of sections of the mesenteric parts of 

the small intestines 1S their constant motion with 

peristalsis and re p eated chang e of disposition. 

Another important obstacle in producin g 

diagnostic radiogra phs of mesenteric small int e s­

ti nes is their being superimposed on a relatively 

full stomach and on other intestinal coils full 

of barium. By the time the stomach empties enough 

barium is present in the large intestines to super­

impose on the compl e x to obliterate 

its contour. 

It seems, therefore, rea son able t o a s sume 

that by still radiography it will not be po ssible 

to id e ntify sections of the mesen t eri c part s of the 

small intestines. 

 
 
 



B. 4 . LARGE INTES TI NES 

8.4 .1. Caecum 

B.4.1 ( a ) An a tomy: 

The caecum of t h e h o r se occ u pies a large 

part of the right half of the abdomen, and i s in 

exten sive c ontact with the b ody wall. I t c on­

sists of a base, 0 bo dy and an The ba s e is 

si tuated at the ri g ht su b lurnbar r ogion. It is 

curved - the greate r curvature is dorsal, the lesser 

cu r va t u re ventral. The body e x t ends downwards and 

forwa r d s f rom t he base, and rests on the ventral 

wal l of the abdomen. The apex lies on the ab­

domi nal f l oo r , slight l y to the right of the median 

p lane ( Di ag ram III) . 

Tho c aecum ha s fo ur longitudinal bonds, 

s itua te d on the do rsal, ventral, right and left 

s urface s. The caecum is 3 - 3.7 long and 

i t s a verage di ame ter is 25 em. 

Th e iloo-caecal orifice 1S situated i n the 

lesser curvature of the ba s e, about 5 - 7 cm to 

the r i g h t of the median plane. The e n d of the 

ileum is partially t e lescoped into the caec um , so 
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DIAGRAM III:  

ABDOMINAL VISCERA OF HORSE  

VENTRAL VIEW  
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that tho orifice is surrounded by a fol d o f mucose 

membrane which encloses a t hick circular muscle _ 

the sphincter ilei. 

The caece-celic orifice is situated about 

5 cm laterally to t he ileo-caecal oririce, se par­

ated from it by a l arge fold of mucosa, whi ch 

projects into the interior of the caecum . 

B.4.I(b) Hi s tology: 

The wall of the caecum of the 

tour layers - serosa , mu s cularis, sub-mucosa and 

mwc osa . The submuco s e l ayer i s very rich with  

blood vessels and nerves.  

B.4.1(c) Physiology :  

The caecum of the ho rse, as in other s imple stomach 

herbivorous animal s , funct ions ma in l y as a rese r ­

voir in cellu l ose and othe r f oodstuf fs unde r-

DO bacteriQl fermenta tion. 

The materi a l passes i nto the caecum from 

the ileum. Lt is being mixed there due to t he 
• 

motility of the or.gan . The re are three basi c 

types (Off caecal motility: 

iJ Large which travel Qll along 

'the cae'c'l:Jm from tile bose to the ape x or vise ve r sa. 
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i i) Smaller con trac ti ons o f local n a t u r e , 

wh i ch are p r obab ly saCCU l at i on motility. 

iii) Change s in tonus of different p rts of 

c ae cum at di ffere nt t i me s. 

' . h 10 .$ t t'S t uc l es a ve shown that ,ood en ers ne 

caecum th rough the ileo-caecal orifics, travels 

down the caec um towards its apex, and then t r a vels 

b a c k towards the caeco-colic or ifice, to l e ave 

the o r gan on i ts way to the colon. 

Food enters the caecum about It hours 

af te r th e meal , and tak e s at l e ast si x ho urs t o 

pass through end leave the cae c um. 

O. "1. I ( d) data: (See tab le A) 

8. 4 .1.1. Tec hniques: 

P r e paration of the animal for study of the 

caecum:  

i) Th e horse re ceive d only b ran diet for  

three days.  

ii) On the fourth day the horse was drenched  

with one kilo of mine ral oil (paraffin oil) by  

stomach tube.  

i i i ) The horse was t he n fast ed for twenty­

-fo ur ho ur s.  

 
 
 



TABLE 8: LARGE INTESTINES DATA  

I Total 
Horse number 
number of 

exposures 

I 

6637 28 

I 

6626 21 

6295 25 

I 

6237 18 

Total 92 
, 

% 100 

Diagnostic radiograms Non diagnostic radiograms 
-

Dorso -ventral Total Excessive 
Lateral projection " 

projection riumber Under Over scattered 

of expGsed exposed Motton radiation 
I diagnostic & 

Plain Contrast Plain I Contrast radiograms other faults 

I I 

1 19 20 4 1 I 3 

I I 

1 16 17 I 3 1 

I 

21 21 4 I 

-, 
I 

I' 

8 8 5 2 1 2 

" 
2 64 66 I 16 3 1 6 

I 

2 69 71 18 3 I 1(+) 7(-) 

Total 
number 

of 

non-diag. 
radiograms 

8 

4 

4 

10 

26 

29 

I 
00 
..;J 
I 

 
 
 



iv) Three kilos bari um s uspens ion weight per 

vol ume (w/v)  gi ven by stomac h tube 

pr ior to the be g inning of radio graphy. 

Thre e techniques have been emp lo yed: 

I) Late ral proj e ction in standing po sition, 

II ) Dorso ven tral pro j ec tion in standing 

posit i on , and III) La tera l p roject i on In an 

anaes thetized casted horse. 

I) Late ra l projection in standing position: 

Are a of exposure: 

i) Ca s e of  t he c aecum: The s ub -

lumbar r eoi on on the l eft " ISloe. 

Bounda r ie s:  dorsal ly il iac cre st 

ven trally ischii 

c auda lly  rnidsi1a-r-l: of 

the "i'emur 

cranially  the r'ib II 

ii) Body of  the c a ecum: The area 

immediately ven tra l to the p reviously 

discussod area. 

i ii ) Apex of  the caecum: An area the 

centre of whic h is ten em caudal to the 

xiphoid ca rtilage . 
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Exposure d Gt o : 

\( V 130  

i'iI'.S 160  

FFD 110 ern.  

II ) Dorsa-ventral proj e ction: 

It was Founcj that was n o way t o 

pl ac e the cossette in orde r that th e sublumbar 

re g i on wo ul d be demonst r a ted. 

It was, howe ver , p oss i b le to pl a ce th e 

c asset t e for an exposu re of t h e apex of 

the caecum. Th is was do ne with the assistance of 

a t ro lley, in the same way as was d o n e in the 

s tomach s tudies. 

Are a of expo s ure : An a re a of 15 e m along 

t h e dor s al mi dl ine, immediately posteri or to the 

wit h ers of the h o r se. 

:'::xposure dota: 

160 

r AS 1

i- FD 110 em. 

I I I) Late ra l projec t ion 1n an anaesthetized 
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i) An ae s thetic p r o cedure : 

The h o rse \/O S premed i c a ted IN i th 20 1\19 

a c e t yl promaz i n a Boots Pure 

DruG Co . S . A. pty . Ltd .) g i ve n in trave nously, 

p i or to th e i nduction of anaesthes i a b y the 

Pento thal inj e c tion Ab bot 

Laborator i es S. A.) in t ra ve n o usly, f ol l owed by 

t wo pe r cent f luo than o in ha lati on . Ue f o r e 

exposure s "."ere ti1ode, pu lmonary hyperven t i l a tion 

was donE . Ces s a t i on o f for abo u t ten 

second s f ol l owed. eX! osure s we r e made at that 

tt i me ( f i cures 30 an 39 ). 

F i g u re 38: Pre pa rati on of t h e ho r se for radiography of 
t h e caec um. Note an a e sthe t ic ma c hin e and venti lat ion b eg . 
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J9 : 

Positi oni n o o f t he tuba fo r r ad i o g r aphy of the cae c um . 

ii) of expo s ure : 

i n t echn i q ue No.1 . 

i ii) E x _ 0 Ui'O date;: 

l::0.S G of c ae c um : 1 40 

r1,6, 20 

S .U s e c . 

FFD GU crt-,. 

 
 
 



Body of caecum: !-<v 150 

{',i i>. 25 

TltviE 8.0 sec. 

FFD 100 cm. 

/\pex o'f caecum:  i<V 130 

50 

THiJE S.O sec. 

FFD 100 em. 

8.L1·.1.2. Findings: (See table 9). 

i) It was not possible to produce diagnostic 

in technique s No.1 and No.2. 

ii) It was possible to produce diagnostic radio­

graphs only if exposures we re made of an anaes­

thetized horse (technique No.3). 

iii) Usin[ technique No.3 with long slow 

the base and the apex of the caecum 

were demonstrated well (figures 40 and 41). 

 
 
 



TABLE 9: LARGE INTESTINES FINDINGS  

Parts of Pelvic T ime after ·drenching
Horse 

flexure Time for a complete
number 

caecum of appearance of 
demonstrated demonstrated contrast mooia in filling of pelvic flexur e 

No. of the peJ.vie flexure 
experi­

5 
1/2 h.m ents 4 h. 5 h. 6 h. 1 h. 11;4 h. 11/2 h. 1 3/ 4 h. 

I 

+ + 

6637 + + 2 

+ + 

+ + 

6626 + + 2 
+ 

6295 + 1 + + 
I 

+ + 

6237 + 2 
+ I + 

I II 

P osition of Demon-
pelvic flexure stration 

of small 
inside outside 

colon 
pelvic pelvic I ··and 

2 h. inlet inlet 
rectum 

+ 1 + 

+ I + 

+ 

I 

+ + + 

+ 1 + 

! 

I 

I 

I  

c,., 
I  
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Fi gure 40: 

La t era l exposure of the base of t he ca e cum.  
'::5C kg hOi-sea !(V 150 [vIA 25 TV-II: 8 .0 s e c. FF D 100 .  

r::-i au e 41: 
L t aral e x po sure of the ape x of the caec um. 
350 h Oi-se a ll() 50 TIt-;iE 5. 0 sec. FFD 100. 

 
 
 



iv) It was not possible to cl ea rly demonstrate 

the body of the caecum in any tochnique . 

v) amount of throe kilos of contrast 

medium was found to be insufficient to achievo a 

filling effect of the caecum. 

vi) In the of the of t he c ae cum, 

t he longitucinal b ands of t he colon wo r e cl ear ly 

s een (fi o ure 42 ), 

F i gure 

Late ra l exposure o f tho of the c ae cum. Note the 
longitud inal ban d s on the ad jacent c o lon. 
350 kg hor3e. 110 ["';;':\ 50 TH'it: 5.0 sec. f-TD l Ou . 
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vii) Accumulation of most of the barium in the 

caecum takes place about 4-5 hours after the 

barium drench. 

viii) In the studies of the caecum it was seen 

that the barium does not cling to the mucosa. 

8.4.1.3 , Discussion: 

i) Projection: 

reasons existed for the fact that 

it was not possible to produce diagnostic radio­

by using techniques No.1 and No.2. 

a) Small intastinal coils normally fill up 

most of the upper left abdomen. At the 

time tho contrast reached the 

caecum these coils were still full of 

barium. The silhouette of these small 

intestinal coils was superimposed over the 

caecum, and Interfered wi th production of 

radioDra phs of the caecum. 

b) In normal dioostive processes, the 

contents of the caecum keep moving out of 

the at the same time as more con­

tents come in. By the time .a conside rable 
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amount of contrast medium was present in 

the caecum, a lot 0 fit \105 also present 

in the ventral colon; thus was super­

imposed over tho caecum in a lateral 

projection (diagram III). 

c) Dorsa-vent r al projection was technically 

i mpossibl e. The a bdomen o f the horse is 

oval, and thero was no way by which a 

cassette could be prossed to the body wall 

rirht at t he l e vel the caecal body. 

It was only possible at tho apex where the 

x-ray beam had to penetrate through 

sections of the colon full o f contrast 

medium. No di a gnostic radiograph was 

therefope possible e ven of the apex in 

a dorso-ventral proj ection. 

i i)  Anaesthesia: 

The advantage of general anaesthesia was 

in two focts: 

a) It caused a relaxation of the a bdominal 

wall. This enabled closer proximity of 

the caecal apex to the cassette unde rnea th. 

 
 
 



b) It enabled interruption of re spiration. 

When respirat ion was suppressed a low MA 

wi t h long exposure was used. This tech­

nique proved to bring about details in the 

radiog raphs wh ich we re not brought out in 

a hi gh MA exposu r e . These fa c ts were recog­

nized by et a1 9. Al though he was us ing 

a pony in hi s inves tigat i on he re sorted t o 
. 9

suppression of Drury et al also 

ment ioned tha t the right vent ra l co l on is 

. supe r-imposed ove r the body of the caecum. 

12 . f  IdOyea , wor I<1ng on a our-days 0 pony , 

rad i og rciphed the caecum in standing posit ion . 

He re ported that it was di ff i cult t o obtain 

sati sfactory radiographs of the caecum, 

s ince "as q rule the caecal . image appeared 

t o be continuous with those of neigh­

bouri ng parts of the bo .."el 12". 

i ii)  Vo lume of contrast medi um : 

The caecum of the ho rse is an enormous 

organ, wi th 9 capacity in a n adult hor-se 

e xc eeding 25 litres. A quant ity of 2-3 

litres of cont r as t medium given a s a drench 
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to tha horse only accentuated somewhat 

the contours of the caecum. If one has 

to i nc rease the volume of contrast medium 

to a c hieve a completa fillinG of the 

caecum, a startino of at l e ast 

10 litres must be used. 

iv)  Filling time of the caecum: 

There 1S only on G reference in the liter­

aturo to the time of the filling of the 

lAlexander and Benzie found 

that in the weaned foal the caecum contains 

the contrast medium from three to six 

hours after the mool. At that time, t h e 

and left ventral colons ware also 

filled. The findings in this study cor­

respond well with those reported b y 

- , In' 1Alexanaer ana uenZ1e . 

v)  Mucosa contour: 

It is assumed that the fact that the barium 

did not adhere to the mucosa was a result 

of the min 0 ral oil drench g iven to tho 

horse 2 4 hours p rior to tho examination. 
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vi)  Clinical application: 

The fact that it was not possible to p r od­

uce ciiogn ostic radiog r ams of the caecum 

by using techniques No.1 and No.2 is a 

considerable si 0 nificance to radj.olog ists. 

These studies h a ve shown that the caecum 

is the only s e ction of the gastro 

intestinal tract tha t r C<j ui res casting of 

the horse. The studies have also 

that casting of the horse is not suffici en t 

- but d seneral anaesthosid accompanied by 

ca ssation of is important 1· <­
- I 

rad iographs of any are to be 

obtc inea. 

Tak ing into account thre e days 0¥ prelim­

inary diet followed by mineral oil drench 

to the stucii e s, one is inclined to 

conclude that radiolocical examination of 

the caecum of the horse will not b e come 

c conrnon procedure in th e n o ar futur0. 
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8 . 4. 2. Col on 

0.4 .2 (0) Anatomy: 

The colon begins at the caeca-colic orl­

fice and t ermina te s at the rectum. It i s di vi ded into the 

great and the small colon. The great colon is 3 - 3.7 

metres long, and its a ve r age di ameter is 25 cm. In situ 

it is folded in a way that it consists of four parts, which 

are designated by their position: The right ventral, the 

left ventral, the le ft dorsa l a nd the right dorsal colon. 

These are the sternal flexure, between right ventral and 

left ventral colon, the pelvic f lexu r e be t ween the le ft 

ventral and left dorsal colon, and the diaphragmatic 

flexure between the left dorsal and right dorsal co l o n 

(diagram IV). 

The diameter of the col on var i es g reatly. 

At its ori gin it is about 5 - 7.5 cm, for most of the 

ventra l parts it is 25 cm, At the pelvic fl e xure and 

herea f ter it decreases to 8-9 cm and increases greatly 

beh i nd t he diaphragmatic fle xure to about 50 cm. 

The small colon begins at the termination 

of the great c olon, ventral to the left kidney, and term­

inates in the r ec tum at the pelvic inlet. Its length is 

about 3.5 metres and its diameter 7.5 - 10 cm. 
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DIAGRAM IV:  

DIAGRAM OF CAECUM AND LARGE COLON OF HORSE  
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G. 4 .2(b) Histology: 

The colon is built of the normal four coats: 

serosa, muscularis, submucosa and mucosa. At the pelvic 

fle xure t he muscular coat is a transition between the 

el as t i c fibers of the ventral colon to the muscular fibers 

of the dorsal colon. The submucosa mucosa do not pre­

sent special features except for the fact that the mucosa 

is t h icker than i n the small intestines. Mucosal glands 

are numerous, and their secretion is mainly mucous. 

Blood supply and innervation: 

The arteries come from the anterior and 

posterior mesenteric a n d internal pudic arteries . The 

vei ns go to the portal ve in. The ne rves are derived from 

the mesen te ri c and pelvic plexus of the sympa t het i c . 

8.4 .2 ( c) Ph y siology: 

The colon has an important role 1n dige s­

tion: It is t he compartment in which (together with the 

cae cum) maceration, fermentation and solution of fibrous 

portion s of the food take place. It is also a place where 

some s y nthesi s of nu tritional elements occurs. It is in 

the colon whe re f l uid reabso r p tion takes place. Bacterial 

action i n the co lon effects mainly carbohydrates, but 

protei ns are digested to some extent, too. 
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The colon shows at least three kinds of 

motor activity : peristalsis, reverse peristalsis and 

sacculation. The peristaltic movements travel at a slow 

rate compared to the similar movements in the small 

intestines. Antiperistalsis occurs at the proximal part 

of the colon, around the caeco-colic orifice. 

Pre-study consideration: 

Due to the enormous diameter of the colon, 

its radiological examination becomes impractical. The 

part wh ic h is mu c h na rrower in diameter is the pelvic 

flexure of the co l on, and proved to be the only part of 

the colon amenabl e to radiographic investi g ation . 

B.4.2.1. The [-'clvic Fl exure : 

The pelvic flexure has few sacculations. 

Its diameter i s markedly smaller than that of the l e ft 

ventral colon, and 1S only 7 - 8 cm. 

It 1S not attached transversally, and is 

variable i n position, but is usually directed against the 

posterior part of the right flank. 

It has one band along its lesser curvature n 

8. 4 .2.1(0) Technique: 

i )  P rojection: 

Lateral projection only (right side). 
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ii)  Area of ex po s u r e : Th e pelvic inl e t 

area. 

Ex osure a r ea bou n da ri e s ­

Do r sally 5 cm ven tra l to the 

iliac crest. 

Ve n tral l y l i ne c rossing mid­

sha f t of t he femur. 

Crania lly A li ne c ros s i n g t he 

iliac cre s t. 

Caudally A li ne c r ossi ng th e 

tube r ischi i. 

(Fivu a s 43 and 44) . 

r e 43 :  

Ex ternal markings fo r expo sure of the pelv ic fl e xure.  
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Figure 44:  

External markings for exposure of t he pelvic flexure .  

iii) Expo s ure data :  

KV 130  

HAS 130-160  

F 0 110 cm  
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Findings : 

i ) was possible to d emonstrate clearly 

t he pelvi c f l exure of t he colon ( f igu.re 45). 

F i gure 45 : 

Lateral exposure of the pelvic of the colon, seven 
hou r s after barium drench. Note contrast media filling the 
en t ire flexure. 
250 I<g ho rse. KV 140 M.. 16 0 FFD 100. 

i i) A volume of 2000 ml 0 ; of barium sulphate 

w/v contrast medium was sufficient to produce good 

quplity radiographs. 

iii) Contr9st medium started to appear in 

the pelvic flexure about five hours after drenching 

the animal. 
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iv ) The r e ap pea r e d to be a physio l ogi ca l 

obstac le i n this s e ction of the bowel. The con­

tents o f t he co lon moved up the fle xure ve r y 

slowly. One and a ha l f to t wo hours had passed 

s tudies from the time of a p pearance 

of the c on t rast medi um in t he lowe r en d of the 

f le xure until the filling of the flexure. 

v) A considerab l e amount of ga s pre c eeded 

the content s of t he c o lon, as i t moved u p th e flex -

u re 46 , (7 , 48 a nd 45). 

;:- i u l-e 46 : 
La t era l oxposure 01 tho pel v ic flexure of tho co l on , f ive 
hou r s a ft er the dre nch. Note the parti al f i lling . 
250 horse. h V 140 MAS 160 FFD 100 . 
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F igure 47: 

Lateral ex po su re o f the pelvi c fl exure of the c olon fi ve  
hour s a nd for t y-f i ve mi nu t e s a f ter barium drenc h. No te  
t he port i a l filling.  
250 kg ha l-50. 1.£10 r-1AS 160 FFD l e O.  
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Fi i '... ure 40 : 

La t eral exposure o f the pelvi c flexure six and a half  
hours after the barium drench . Note the rising level of  
the fl exure fi l ling .  
250 1"0 horse . I 'V 140 1'v1,1.5 160 r-FD 100.  

vi) Variation s were s een in the 

of the flexu r e in d i ferent horses. 

6 .4. 2.1 ( c) Discuss i on :  

i ) Technique :  

a) Latera l p rojectio n has proven very 

satisfa ctory. No dorso-ventral pro j ec t ion was 

pos s ible due t o a natomica l reasons : it was not 

lossible to fix a cassette directly under t he a b ­

domen at t he p rope r po int. 
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b) The volume of contrast medium sufficient 

to diagnostic radi l orC0hs was remarkably 
\ I 

small compared to the QlliOU t needed to 

the caecum. This could be explaine d by the fact 

that the smaller lumen of he colon at the flexure 

brings about concentration of its 

i i ) 0 f passage: 

No account of the J act that the filling of 

this section is very slow c o uld be found in th e 

literature. This slow ra te of filling of the 

fl exu re hours) was f o und c on tinually 

(table 

There could be seve 01 explanations of this 

ptlenomenon: 

c) this section of f he colon is directed 

dorsally. Mo vi ng bowel con f ents in an upward 

direction may require presswre build-up from 

below. 

b) Barium suspensio is C heavy suspen­

sion . MicroPo0 ue(R) (Damanay [ Co. Ltd., 

England) t ho cO",,'Brcial pre + ration which was 

used in the studies, is c w/w suspehsion •. Two 
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of that suspension contains two kilos of 

bariul:l sulphate sa l t. The slow rate of filling 

of the pelvic flexure may be a specific pheno­

menon characteristic only of colon contents 

which contain barium. 

Against this explanation one could bring 

the fact that the same rvi icropaque suspension 

was a l so used in the study of the stomach and 

duodenum, and no slowing down of the filling 

of the sigmoid section of the ducdenum was 

noticed. The sigmoid section of the cuodc num 

has on upward direction in its proximal part. 

Besides, t he pe ristaltic f orce of the boweJ is muc h too 

powe rful t o be ser iously affected by the ba ri um. 

The writer is of the opinion that there 

is adafinite physiological obstac l e in the 

pelvic flexure. This obstacle ­

the upward direction of the colon, and the 

narrowing of tha lumen . This obstacle may 

well explain tho high frequency of the impac­

tion colics which originate at this site. 

i ii) Position of the pelvic f l exure: 

Variations in position of the pelvic 

flexure are explained29 by the fact tha t there 
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are differences in the length of the ventral 

colon. In subjects ln which this part of the 

colon is relatively long, the pelvit flexure 

usually bend s to the right a cross the pelvic 

inlet. In other cases where the ventral colon 

is relatively short, the fle xure lies 

inside the pelvic cavity. 
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8.4. 3 . 

0 .4.3(a) Anatofny : 

Tho roctLlm is the terminal part of the 

digestive tract. I t extends from the pelvic inlet to the 

anus. I ts length is about cm. It s di rection may ba 

obli que or straight. Its first part is made of coils, as 

thoso of thE s mall colon. Its caudal part forms a flask 

shaped dilat ion terme d tha recti. 

The rectum usually lios in the modian 

related ventrally to the bladdor, laterally to 

tho sma!.l colon to the left, and the pelvic flexure to the· 

right. 

HistoloCY:  

/\s the colon.  

6.4.3(C) Physiology:  

Physiologically it isa continua tion of 

the colon. Its significance is in the fact that i t se rve s 

as the temporary storage of the fa ecal balls. 

0 . 4 .3.1. Te chnique: 

i) Preparation: The f aeces we re removad 

manuQlly. One ml Neosti gmine ( NeostigmYl(R)Milborrow 

Co. Pty. Ltd.) was givon one hour prior 

to the Qxamination. 

 
 
 



-115­

ii) Proj e ction : La teral pl'ojection only 

( either side) . 

ii i) of 

Dorsa lly he tuber coxi i l e va l. 

Ventral l y S cm bel ow tuber ischii 

l o vel. 

o rl e nc!i c Ul e \' 1 ine 

from t h e p te l l a of t h o 

corro s po nd inS l og . 

CGudCJ lly the t ail. 
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iv) EX'posure data : 

KV 130-140 

130-160 

FFD 110 cm. 

v) Contrast medIum: 

Enema of bari um suspension. Mixture 

made of one kilo barium sul pha te powder in 2000 ml of 

warm water. The enema introduced to the rectum via a 

stomach tube. 

8.4.3.2. Findings: 

i) The rectal ampula was demonstrated 

well (figure 50). 

Figure 50: Lateral expo s ure of the rectal ampula, after 
barium enemo. 250 kg ho r s e . KV 130 tvlAS 130 FFD 100. 
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ii) Vo l ume of 2000 ml of enema proved 

better than larger vo lumes. La r g e r volumes ;nitiated 

de f e cation ref l exe s and c aused expu l sion of most of t he 

c o nt r ast med i urn. 

iii ) contrast e nema pene tra ted to 

aeveral dist a l co i l s of the small colon ( fi g ure 5 1 ). 

Figu r e 51: 

Latera l e x posure of posterior part of the small colon  
on e hou r af ter barium enema.  
350 kg. ho r se . i-'V 140 140 FFD 100.  

iv) One a nd a half hours was the 

time an enema was retained by a ho rse. 

v) Small colon coils were found to be 

f u ll of c ont rast med i a It hours after the barium enema 

wQS g ive n (f i g u r e 52 ). 

 
 
 



-118­

Fi gu re 52: 

Latera l exposu re of poster i or segment s o f the small 
colon one and a hal f hour s afte r warm barium enema. 
Note fec a l b a l ls in the c olon segmen ts . 
350 kg horse. KV 140 1 40 

8. 4. J . 3. Discussio n : 

The re ctum o f the horse is very acc e ss ibl e 

for manual r ectal e xamina ti on. Co n sequent ly rec t al rad io­

fjraphy is not a necessit y for clinical wo rk i n eCluine 

medi cine . In the human, e n e ma i s an acc e pte d techniq u e 

to demons t ra t e the rectum and t he colon. The t echnic,ue 

in human rad io logy is effective because one cou ld 

c ommunicat e with t h e pati e nt and p re ven t de fe cat ion due 

to p ressu r e e xer t ed on t he rectum and th e colon by the 
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