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ABSTRACT 

Three studies were undertaken to investigate 

dystocia in Romney stud ewes. 

In the initial study an analysis was made of 

4,400 individual performance records collected over a period of nine 

years from a Romney stud flock. On the basis of the recorda, 

dystocia in the flock was attributed to a physical disproportion 

between the lamb and the maternal pelvis, and its incidence was shown 
to be highly correlated with the mean birth weight of single lambs 

(r=0.84). Dystocia appeared to be unrelated to the effects of parity, 

weight at mating, or litter size of ewes. A high repeatability 

of the condition was demonstrated. Differences between sires with 

respect to dystocia in their progeny at birth were demonstrated in some 

years and were shown to be related to lamb weight, such that those sire 

groups with higher average lamb weight experienced the greatest 

incidence of dystocia. The decline in the incidence of dystocia, 

apparent from the records, was attributed to a reduction in mean birth 

weight of lambs and a possible increase in pelvic dimensions of the 

ewes, brought about by selective breeding. 

Secondly., a tocometric study of 1 8  Romney ewes was 

made using intra-amniotic open ended catheters and intra-abdominal 

balloons implanted at laparotomy. Dystocia occurred in 12 ewes and, 

with the exception of one ewe that developed uterine inertia, was 

associated with abnormalities in presentation, position or posture 

( maldisposition) of the lamb at birth. By comparison, the presentation, 

position and po.sture ( disposition) of th,e lambs born to the eutocous 

ewes was nomal. A significant difference in birth weight of lambs 

was demonstrated between ewes that gave birth to lambs in normal 

disposition as opposed to those that gave birth to maldisposed lambs, 

and between ewes that experienced eutocia and dystocia. Uterine 

activity during late pregnancy, characterised by alternate periods of 

activity and quiescence, was not related to the disposition of the lamb 
'\ .  

at birth. · During first stage labour uterine activity was higher in 

those ewes that experienced dystocia. However, this was considered to 

be a reflection of the higher lamb birth weight in this group as birth 

weight was correlated with uterine activity during the final three hours 

of first stage labour. Low abdominal bearing down effort was thought 



to contribute to the lack of progress during parturition in three ewes 

l'li tl os teri orly presented foett�ses. Except for one case of uterine 

inertia, low uterine pressures or abdominal bearing down effort was 

not implicated as a primary cause of dystocia in these ewes. 

In the final study a method of radiographic 

pelvimetry was developed which was used to study the relationship 

between pelvic size and lamb size at birth in ewes with histories of 

eutocia and dys tooia. In addition, three diff'erent age groups of ewes 

were radiographed to provide inf'orma tion on changes in pelvic dimensions 

w'i th age. Large dif'ferences in respect to the relationship between 

estimated area of the pelvic inlet and the size of the lamb were 

demonstrated between e\'Tes with histories of eutocia and dystocia. The 

relatively large pelvic area of the eutocous ewes was considerea to be 

largely responsible for differences in the recorded incidence of 

dystocia between the groups. Estimates of correlations between internal 

and external pelvic measurements taken from the radiographs were thought 

to be too low to be of' practical use in selection for larger internal 

pelvic area. FUrthermore the relationship between internal and external 

pelvic measurements was found to alter with a in some cases, indicating 

that the effect of age on these relationships would have to be examined 

further if selection by means of external pelvic measurements were to be 

attempted. 

As a result of these investigations, the hypothesis 

was advanced that dystocia in Romney stud ewes is commonly caused either 

by the relatively small size of the pelvic inlet of the ewe, or the 

relatively large size of the lamb, or both. There were indications 

from the first and third studies that the flock incidence of dystocia 

can be reduced by genetic selection. 
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,!.: IN'.nRODUCTION 

Parturition in domestic animals, whether for 

anthropomorphic or economic reasons, has attracted more attention 

from livestoCk breeders than almost any other physiological event. 

Yet, despite the zealous care and supervision of parturient animals, 

difficulties at parturition are still relatively frequent and 

particularly so in animals reared under intensive conditions. 

In New Zealand dystocia has been shown to be 

of primary importance as a cause of peri-natal lamb mortality in 

both stud and grade flocks and represents a source of considerable 

economic loss to the sheep industry every year. On the basis of 

McF.arlane's estimate of lamb losses from dystocia (McF.arlane, 1955) 

an a.IUD.lal loss of in excess of 1 ,000,000 Romney lambs alone, can be 

expected from this cause. To this loss must be added the loss of 

a proportion of ewes and the high cost of labour for shepherding. 

With the exception of recent pelvimetric studies 

few attempts have been made to elucidate the causal relationships 

involved in dystocia in sheep. As a result, past attempts to 

reduce the problem have been largely of an empirical nature. 

This study was undertaken in the hope that it 

might contribute to a better understanding of the condition and by 

so doing assist in formulating a rational means of reducing its 

incidence in the national flock. 

The following approach was taken: 

( 1 ) A definition of the problem 

A number of extensive lamb mortality surveys 

have shown the extent of lamb losses from dystocia in the national 

flock, however, no reliable information on dystocia under New 

Zealand conditions has been published. A study was therefore 

undertaken of a Romney stud flock in an attempt to define the 

problem of dystocia in the Romney stud ewe. The choice of a 

stud flock was primarily determined by the availability of accurate 

and comprehensive individual performance records and while it is 
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recognised that this flock may not be representative of commercial 

flocks, or indeed other stud flocks, the paucity of reliable flock 

information relating to dystocia from other sources necessitated 

this approach. The partioular stud selected was ideally suited to 

such a study because. through a personal interest in dystocia, the 

breeder had tor some years collected information relating to the 

problem that was not normally recorded. The records were so 

extensive that it was not only possible to define the problem of 

dystocia in the floCk but also to attempt to identify some of the 

factors res .onsible for the decline in the incidence of dystocia 

observed over recent years, 

(2) An investigation of the basic causes of dystocia
1 

In terms of mechanical forces, the passage of 

the lamb during parturition could be expected to be influenced, 

firstly, by the expulsive forces of the uterine and abdominal 

muscles and, secondly, by the physical resistance of the genital 

tract of the ewe. Dystocia, then, may either be a manifestation 

of inadequate expulsive forces, high physical resistance to the 

passage of the lamb, or both. On this basis two studies were 

undertaken: 

(a ) In the first a comparison was undertaken 

of uterine pressures during parturition in ewes experiencing 

eutocia and dystocia. Uterine activity during the final two 

weeks of gestation was also recorded in an attempt to determine 

whether uterine activity before birth influenced foetal disposition
1 

at parturition. 

(b ) The second study was of the nature of a 

comparison which was designed to determine whether differences in 

the relationship of lamb size to pelvic size existed between ewes 

with histories of eutocia and dystocia. 

In section (b) the ewes with the histories of 

dystocia ware all stud ewes, while in sect:l.on (a ) some of the ewes 

that experienced dystocia were commercial grade ewes. Because 

there was no apparent di:f'f'erence in dystocia between these two 
groups of ewes they were considered together. 

1 
This term is defined in Appendix I 



ll,: LITERATURE REVIEW ­

DYSTOCIA IN SHEEP AND CATTLE 

Introduction 

Few cri tioal studies have been reported on the 

functional basis of dystocia in the ewe. Tbus a review of 

dystocia in cattle; a species anatomically and physiologically 

related to the sheep, and in which understanding of birth 

difficulties is more advanced, is also included in this section of 

the thesis. Because of the considerable difference in under-

standing of dystocia between the two species the reviews are 

considered separately. 

Dystocia in Sheep 

II.2,1. Imp�rtsnoe and incidence 

On the basis of necropsy findings up to 6� of 
perinatal lamb deaths have been attributed to dystocia (Table II 

( i)). These estimates however, take no account of mortality 

resulting from the indirect effects of <tYatocia, for example, 

lambs that die from starvation as a result of impaired maternal 

behaviour which often follows a prolonged birth (Wallace, 1949; 

Alexander, 1960; Alexander and Peterson, 1961 ; Bray and Wodzicka-

Toma.szewska, 1973) • Consequently the losses could be expected 

to be greater than these necropsy studies indicate. Nevertheless 

it is unlikely that dystocia is primarily responsible for all 

parturient lamb deaths, since a significant proportion of lambs 

dying du,-ing birth have been shown to exhibit pre-parturient 

lesions, suggesting that dystocia may be secondary to pre- parturient 

disease in a proportion of' oasee (MoFarlane, 1961 ) • 

In comparing the levels of' dystocia reported by 

various authors in a number of breeds and from a number of 

countries, consideration must be given to the differing inter-
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pretations of what constitutes dystocia and to the lack of stand�rd­

ization of criteria on which these studies are based. 

TABL E  II (i ) : LAMB M O RT ALIT Y AT T RIBUT ED T O  DYS� O CIA 
(BAS ED ON N� R OPSY FINDINGS) 

Source 

Moule (1954) 

McF.arlane (1955) 

Breed 

Merino 
N .Z. Romney 

Rartley and Boyes 
(1955) N,.z. Romney 

Safford and Hoversland Rambouillet l 
(1960) Targhee 

Columbia 

Rartley and Boyes N. Z· . Romney 
(1964) 

lfughes et al. ( 1 964) Merino 
J.lerino x 

Smith (1964) 

Dermis ( 1 965) 
T rail and Sacker 
(1966) 

B .  L eicester 
Merino 

Mixed 
East African -
black headed 

Hight and Jury (1969) N .z . Romney 
N.z. Romney x 
B .  Leicester 

Dennis and Nairn ( 1 970)Merino 
Dermis (1 970) 

Fogarty ( 1 971 ) 
Gunnarsson et al . 
( 1972) 

* 
N R - not recorded 

Southdown 
Dorset Horn 
Mixed Swedish 
breeds 

Total 
dead lambs 

453 

2,212 

288 

1 ,051 

880 

N R* 

NR* 
�1 

4, 417 

208 

l 814 

791 
N R* 
N R* 
247 

1 
Assessment of cause of death not recorded 

Parturient 
deaths (%) 

29.9 

5.o0 

26.3 

11.0 

16.0 - 26.0 

12.0 

20.4 

0 

32.0 

1 .8 

64.0 

80.0 1 

2.4 

The report of Grommers (1967) for instance revealed that 7'7% of lambs 
delivered on three Dutch sheep farms were assisted at birth; tram 
the reasons given for assistance however, it was estimated that a 

large propo rtion of these lambs would probably have been delivered 

spontaneously without human intervention. T he incidence of 
dystocia reported in a number of studies is shown in Table II (ii). 
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TABLE II (ii): THE INCIDENCE OF DYSTOCIA IN SHEEP 

Source Breed Incidence (%) Total ewes 

Quinlivan et al. N.z. Romney 28 .6 1 1 1  
( 1 966 a) 
Gunn (1968) Cheviot 4.2 � 1 5,584 Scottish Blackfaoe 2.5 
Naaktgeboren and 
S tegeman ( 1 968) Texel 31 .0 96 
Aamdal and Lyngset Dala 24 . 3  1 ,  237 
( 1 970) Rygja 26.5 543 

Sjeviot 1 8 .2 67 1 
Spael 2 .6 998 
Steigar 7 .9 709 

Buohi (1970) Swiss White Alpine 1 4.8 NR* 

Fogarty ( 1 971 ) Dorset Horn 32 .0 NR* 

Naak�eboren et al. Heath 8.0 97 
( 1 97 1  Texel 70 .0 1 03 

* N R - not recorded 

Breed differences with respect to dystocia 

have been demonstrated by Hughes et aJ.. (1964), <Junn (1968), 

Aamdal and Lyngset ( 1970) and Naaktgeboren et al. ( 1 971 ) - see 
Tables II (i) &: (ii). , A genetic predisposition to dys tooia has 

also been described in an experimental flock of Merino ewes selected 
for skin fold development (Dun and Hamilton, 1965). Although the 

mean body weight of the ewes with a high level of skin fold develop­
ment was 5% lower than that of the ewes selected against this 
condition, the birth weights of their lambs were significantly 
higher, with the result that a high proportion experienced 
difficulties when giving birth. 

II.2 2. Immediate causes of dystocia 

II .2.2. 1 � Foeto-pelvio disproportion 

The most common form of dystocia encountered 

by MoHugh and Edwards ( 1 958) and Dun and Ha:mil ton ( 1 965) was that 
associated with a physical disproportion between the correctly 
disposed lamb and the pelvis of the ewe, The latter reported 
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that labour was arrested by impaction of the foetal shoulders in 

the pelvic inlet. 

II.2 . 2.2. 1 
Foetal maldisposition 

The association between dystooia and foetal 

maldisposi tion has been reported by a :munber of authors (Alexander 

and Peterson, 1961; Grommers, 1967; Gunn, 1968 ; Naaktgeboren and 

Stegeman, 1968; Aamdal and Lyngset, 1 970J Naaktgeboren et al- , 
1 971 ) • According to Qu.inli van et a1, ( 1966 a) , Grommers ( 1 967), 

Gunn (1968) and Naaktgeboren and Stegeman ( 1968) 13%, 62%, 67% and 

65% respectively of lambs assisted at birth were maldisposed, while 

Aamdal and Lyngset ( 1970) reported that approximately 90}& ot 

assisted births were associated with maldisposition of the lamb in 

the five breeds included in their survey Whether these marked 

differences in the relative importance of maldisposition of the 

lamb to dystocia are ascribable to differences in breed or manage­

ment of the ewes is not clear. 

Maldisposition of the lamb has been reported 

to be relatively common in sheep, the incidence varying from 8% to 

43% of all lambs born (Table II (iii ) ) . This can be compared 

with the incidence of 4.2% and 4.'ft6 recorded in cattle by Dreyer 

(1965) and Grommers (1966) respectively and cited by Grommers (1967). 

The types of disposition described in three different breeds (Table 

II (iv ) )  indicate that irregularities of posture account for the 

majority of maldispositions. The forms most commonly associated 

w-1 th dystocia appear to be flerlon of one or both shoulders (46% -

71%), posterior presentations (16%- 17%), and flerlon of the neck 

(6% - 22%) (Grommers, 1967; Gunn, 1968; Aamdal and Lyngset, 

1970). 

1 This term is defined in Appendix I 



TABLE II (iii): 

Source 

Wallace (1949) 

Alexander and 
Peterson ( 1961 ) 

Grommers (1967) 

Naaktgeboren and 
Stegeme.n (1968) 

Nae.ktJebol'en et al• 
( 1971 

. 

7 

THE INCIDENCE OF 
LAMBS AT BIRTH 

Breed Country 

Romney New Zealand 

Merino .Australia 

Texel Holland 

Texel Holland 

Texel Holland 
Heath Holland 

MALDISPOSED 

IN SHEEP 

Incidence Total 
(%) lambs born 

30 283 

16 50 

29 434 

26 42 

43 195 
8 '!7 

Grommers ( 1967) maintained tha. t there uas a 

positive relationship between the relative or absolute size of the 

lamb and the ocanrrence of mald.isposi tion. A similar conclusion 

was reached by Naaktgeboren et al• (1971) who attributed the higher 

incidence of maldisposed lambs found in purebred Texel ewes compared 

with that recorded by previous authors in grade flocks (Grommers, 

1967; Naaktgeboren end Stegeman, 1968) to selective breeding fo-:r 

large "square built" J.e.mbs, l'li th no adaptive increase in the size of 

the pelvis of the ewes. Naaktgeboren et al. (1971) also showed 

that the incidence of maldispos ed lambs was similar in twin and 
single births indicating that litter size per se ha no appreciable 

effect. 

II,2.2.3. Non-dilatation of the cervix uteri 

A form of dystocia colloquially known as 

'ring ti'omb' and characterised by failure of the cervix to dilate, 

has been reported in the ewe (Edwards, 1952; MoKinnon and Bayliss. 

1952; Edwards and Jones, 1957; Gibson, 1957; Malone, 1957; 

Walsby, 1957; Ellis, 1958; Straiton, 1960; Hindson and Turner, 

1962). The incidence of the condition has not been reported, 

although 1 t is believed to vary both bev..reen season and looali ty 

with lowland sheep being more often affected than hill country sheep. 

Ewes carryi.ng twin lambs appear to be mora commonly affected than 
those carrying singles (Hindson and Turner; 1962). 
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TABLE II (iv): TYPE:3 OF Rl:FJ.rAL DISPOSITION SEEN IN SHEEP 

WITH THEIR FREQUElm!E:3 OF OCCURRENCE 

(From Wallaoe, 1 949 and Naaktgeboren et al.,1 971 ) 

Breed of eve 
Foetal disposition Texel Heath 

I ANTERIOR PRESENTATION 

(i) Lumbo-sacral position 

Extended posture 1 1 1  

Shoulder flexion 
(unilateral) 26 

Shoulder flexion 
(bilateral) 9 

Elbow fle:rlon (unilateral) 7 
Elbow flexion (bilateral) 7 
Carpal flexion 1 

Neok flexion 9 

Vertex presented 4 

Neok and ahov.lder flexion 1 

Head beside forelegs 1 

Head between forelegs 2 

Carpal and tarsal flexion 1 

Tarsal flexion 3 

FetloCk flexion 1 

(ii) Ventro-aacral position 

Extended posture 2 

Shoulder flexion 
(unilateral) 1 

Neck flexion 

(iii) Lateral position 

Extended posture 

II POSTERIOR PRESENTATION 

(i) I.wnbo-saoral position 

Extended posture 4 

Tarsal tlexion (unilateral) 1 

III TRANSVERSE PRESENTATION 

Back presented 

Total lambs b om 

2 

196 

89 

1 

1 

1 

3 

1 

1 

97 

Romney 

1 91 

49 

1 8  

� Others l 17 

I 
l 
I l 
) 

275 
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A condition simulating ' ring  womb' has been 

produced in ewes injected with 20 mg of diethyl stilboestrol during 

pregnancy. Intra-uterine pressure tracings from these ewes coo.ld 

not be distinguished from those of ewes that did not develop the 

oondi tion (Hindson et al., 1967; Hindson and Tumer, 1969), and it 

was tentatively concluded that 'ring womb' is primarily a functional 

disorder of the cervix possibly resulting from an endocrine dis-

turbance. In support of this view it has been observed that ' ring 

womb • may be produced in ewes to which suboptimal levels of a 

corticosteroid (Dexamethasone) have been administered tor the 

advancement of parturition (G. C. Liggins - personal communication). 

Plasma progesterone levels, which normally decline to a low level 

prior to labour in the sheep (Liggins et al., 1 �2), are said to be 

maintained at pre-treatment levels in these ewes. 

!!,2,2.4. Vulval stenosis and uterine inertia 

Bennetts (1944) and Bennetts et al. (1946) 

reported on a hitherto undesoribed form of dystocia in sheep. 

Dystocia appeared as one manifestation of a serious breeding problem 

which was first recognised in Western Australia in 1941. The 

other two important features of the disease uere infertill ty of the 

ewes, !l..nd prolapse of the uterus, often some time after la.inbing. 
The problem was con:fined to pastures of the Dwalga.nup strain of 

early subterranean clover (Trifolium oubterraneap.L.var,Dwalganup). 

The dystocia was considered to be of maternal origin resulting from 
primary uterine inertia and was characterised by lack of evidence 

ot external signs of parturition end the death of the full term 
foetus. Quite commonly the incidence of the condition was high, 

accounting for the death of 3o%- 4o% of lambs carried to full term 
and the death of 15% ... 20'� of all ewes mated. The incidence in 

the more susceptible groups, notably ewes first mated at 2!- years 

was often considerably higher; for example, a mortality of 4o% -

5o% of ewes was cited.. l-Ierino and Corriedale ewes ware more 

susceptible to dystocia than crossbreds formed by crossing the 

Romney Iw!arsh, Border Leicester and English Leicester breeds with the 

Merino. Pelvic measurements of awes experiencing trouble were 

reported to be within the normal range. Th� disease was thought 
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to have an endocrine basis and was tentatively attributed to 

oestrogenic compounds or precursors in the clover. Underwood et al. 

(1 953, 1959) were later able to reproduce the clinical disease by 

administering diethyl s tilboestrol to ewes. A high level of 

inferti lity was induced by all treatments, and in the few ewes that 

did conceive, dystocia was common. 
More recently, Maxwell ( 1 970) has described four 

outbreaks of maternal dystocia occurring in one season in Merino ewes 

grazing subterranean clover in Western Australia (Table II (v)). 
Initially the ewes appeared to be in normal second s tage labour but 

on c loser examination the lamb , in anterior presentation , was found 

to be lying immediately behind the vulva which was contracted as in 

the non-parturient state. Parturition was accomplished only by a 

great deal of traction and, in some oases , an episiotomy was found to 

be necessary. Mean birth weight of lambs dying during dystocia was 
+ ,.6 _ 0 .47 kg, w1 thin the normal range for this breed. 

TABLE II ( v) : 

Flock 

1 
2 
3 
4 

INCIDENCE OF DYSTOCIA IN FOUR FLOOKS 

(MAXWELL, 1970) 

Ewes lambing % w1 th dystocia 

99 
1 09 
89 
67 

30.3 
1 1 .9 
16.8 
1 6.4 

The apparent difference between these clinical 

observations and those of Bennetts et al. ( 1 946) probably stems from 

the time relative to parturition at which they were made. I t  was 

suggested by Maxwel l ( 1 970) that the uterine inertia described by 

Bennetts et al. ( 1 946) was probably secondary to the obstruction 

caused by the undilated vulva since the frequent occurrence of a 

contracted vulva had been described by these authors. 

With the introduction of modern hormone assay 

techniques efforts were directed to eluoidating the patho-physiology 

of this disease. Thus in 1971 Obst et al. examined the plasma 

progesterone levels of ewes grazing Yarloo p clover (�rifOlium 
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subterranean. L,var,Yarloop) and rye grass. While the pattern of 

change duri.Dg pregnancy was similar in the two groups, the mean 

values determined from day 90 of gestation in ewes grazing Yarloop 

clover were significantly lower than for those grazing on grass, 

Some of those ewes grazing Yarloop clover experienced dystocia whereas 

all births in the rye grass grrup were normal. Lamb Wt;tights in the 

two groups uere comparable. The authors suggested that the low 

level of progesterone was not itself instrumental in producing the 

effects. Rather it reflected a more general metabolic and 

endocrine disturbance which was the cause of the dystocia. The 

transitory rise in free plasma oestrogens normally seen 1 6  - 24 hours 

before birth in the ewe (Liggins et al., 1 972), was apparently 

neither inhibited nor enhanced in ewes grazing Yarloop clover (Obst 

and Seamark , 1972 a) although in a subsequent study Obst and 

Seamg.rk ( 1972 b ) 1rere able to show ·that oestrogen levels in maternal 

plasma tended to be higher in ewes grazing Yarloop clover than those 

seen in ewes grazing rye grass, with significant differences 

existing between days 1 19- 120 and days 140- 145 of gestation. 

Moreover, plasma corticoid !evels of these ewes were significantly 

higher between 1 20 - 140 days of gestation and a significant positive 

relationship lfas demonstrated to exist eight hours before birth 

between plasma corticoid concentrations and the duration of' labour. 

Today the incidence of the more spectacular 

signs of this syndrome, dystocia and uterine prolapse, has declined, 

either as a result of control measures adopted by the farmer or 

through a change in pasture composition from clover to grass dominance. 

II.2.3. The influence of the lamb on dystocia 

Dystocia and lamb mortality resulting from 

dystocia have been widely reported to increase with birth weight of 

the lamb (Alexander et al, , 1955; McHugh and Edvards, 1958; 
Alexander and Peterson, 1 96 1  ; Gunn and Robinson, 1963; Hartley and 

Kater, 1 964 ; Hughes et al., 1 964; Purser and Young, 1 964; Smith, 

1 964; Dennis, 1 965, 1970; Gunn, 1 968; Right and Jury, 1 969; 
Fogarty, 1 971; Naaktgeboren et al., 1971). The higher birth weight 

of single and ram lambs (Dun and Hamilton, 1 965; Fogarty, 1971) 
probably explains the reported higher incidence of dystocia in these 

categories (Gunn and Robinson, 1 963; Purser and Young, 1964; Dun 
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and Hamilton,  1 965 ; Gunn, 1 968 ;  Hight and Jury, 1 969 ; Dennis , 1970; 

Fogarty, 1 971 ) • In horned breeds delivery of male lambs has been 

found to be further prolonged by the presence of well developed horn 

buds at birth (Fogarty, 1 971 ; Naaktgeboren et al. , 1 971 ) .  

I_I . 2 .  4. The influence of the ewe on dystocia 

The incidence of dystocia has been reported by 

some authors to b e  higher in primiparous than in multiparous ewes. 

Purser and Young ( 1 964) found that 3 .2% and 1 . 6% of lambs from 

Scottish Blackface maiden and older ewes respectively died as a result 

of dystocia. The corresponding figures for Welsh Mountain ewes were 

1 • 4% a..YJ.d 1 • 2%. These results are unf'ortuna tely based on the 

subj ective assessment of cause of death since no necropsies were 

performed and, for this reason, shou ld be interpreted with some 

reservations . In a study conduc ted by McDonaJ.d ( 1 966) 26% of peri-

natal deaths in maiden three year old ewes was attributed to dystocia. 

The proportion of deaths from dystocia in the 4,  6 and 7 year old ewes 

was 3 .7%. 7 . cffo and 4.3%. Also Fogarty ( 1971) stated that in autumn 

3o% of maiden ewes were assisted at birth compared with 2o% of o der 

ewes . In spring the proportions assisted were 48% <ind 35% 
respectively. He consideTe•i that the higher rate of twinning, as 

well as the culling of some ewes because of lambing troub le , contrib­

uted to the lower level of dystocia observed in the o lder ewes . 

Clearly more information from more represeutaUve flocks than those 

described by McDonald ( 1966) and Fogarty ( 1 971 ) needs to be collected 

before an accurate assessment of the effect of age and parity of the 

ewe on dystocia can be made. 

Recent stu.dies by Qainlivan ( 1 971 ) , Uaaktgeboren 

et al. ( 1 971 ) and Fogarty and Thompson (1 974) have implicated the 

size of the maternal pelvis in dys·tocia in sheep. These authors 

have demonstrated differences in the area of the pelvic inlet between 

groups of ewes classified on the basis of their past lambing 

performance . A detailed discussion of the relationship of pelviC 

dimensions with dystocia is presented la·ter (see V. 2 .3 .7. ) . 

Inasmuch as lamb weight is influenced by 

nutrition of the ewe (Thomson and Fraser, 1 939;  Underwood and Shi er, 

1 942 ; Underwood et al. , 1 943 ; Wallace, 1 948 ;  Barnicoat et al. , 
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1 949 ; Thomson and Thomson, 1 948 ,  1 953 ; Coop, 1 950; Palsson and 

Verges , 1 952 ; Russel et al. , 1 967 ) , and lamb si ze is associated with 

dystocia (see II .2 .3 . ) nutrition is likely to influence the incidence 

of this conditi on . I t  is therefore surprising that no reliable 

evidence linking nu tri tion and dystocia has been published. 

Dystocia in Cattle 

II .3. 1 . Importance and incidence 

As in sheep , dystocia in cattle has been 

established as an impor tan t  cause of perinatal calf mortality 

(Woodward and Clark, 1 959; Poli ti ek ,  1 965; Lindhe(, 1 966 ; 

.Anderson and Bellows , 1 967; Heiman , 1 968 ; Laster and Gregory, 1 973 J 
Young and Blai r ,  1 974) .  In addition , undesirable effects on 

subsequent reproductive performanc e ,  including a longer interval 

between calving and conception, a lower conception rate , lower 

weaning weights and leas calves weaned at the following calving, 

have been reported (Van Dieten, 1 963 ci ted by Poli tiek , 1 965 ; 

Brinks et al. , 1 973 ; Laster et al. , 1 973 ) . 

Losses of 1 . 1 % and o.9% of calves born in 

mixed and dairy herds in Britain were attributed to dystocia by 

Wi there ( 1 953 ) and Wright ( 1 958 ) ,  while Young ( 1 968 a ) and Rice and 

Wiltbank ( 1 972 ) recorded losses of 1 4.6% and 1 o%  of calves from 

beef heifers in their respective studies. I t  is primarily in the 

field of beef prodUc tion that in recent years vigorous efforts have 

been directed toward reducing this important source of economic loss . 

The -incidence of calvi ng difficulties reported 

from a number o f  studies is shown in Table II (vi ) . Breed 

differences with respect to dys tocia have been reported by some 

authors . For instanc , it has been shown that Friesian cattle 

experience more diffi�ulties at calving than Ayrshire cattle 

(Wright , 1 958 ;  Anon. , . 1 960; Monteiro , 1 969) ,  while the report of 

B oudon ( 1 961 ) cit ed by Anon. ( 1 963) indicates that the incidence of 

dystocia in the French Charolais i s  higher than that observed in most 

B ritish breeds , the difference being particularly pronounced in 
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primiparas. The accentuation in primiparas of between breed 

differences in dystocia has also been noted by Lind.he (1 966). In 

general , the larger breeds of cattle experience more calving 

difficulties than do the smaller breeds (Monteiro , 1 969;  Mason , 

1 971 ) • A similar trend has been noted in sheep (Aamdal and 

Lyngset , 1970). 

TABLE II (vi) : THE INCIDENCE OF DYSTOCIA IN CATTLE 

Srurce Breed 

Withers ( 1 953) Mixed dairy 
and beef 

Wright ( 1958) Friesian 

Anon. ( 1 960) 

Boudon ( 1961 ) 
cited by Anon. 
( 1963) 

Friesian 

Ayrshire 

Ayrshire 

Friesian 

Ayrshire 

Charolais -
heifers 

Charolais -
cows 

Young ( 1 968 a ) Mixed beef 
breeds ­
heifers 

�lixed beef 
breeds -
heifers 

Mon teiro ( 1969) Friesian 

Ayrshire 

Incidence 
Country (%) 

Britain 2.1 

Britain 8 

Britain 

Britain 

Britain 

Britain 

Britain 

France 

France 

s .s 

12 . 1  

Aus traiia 1 5  

Australia 13.5 

Britain 

Britain 

40 
8.5 

Jersey Britain 0 

Rice and Angus heifers United States 
Wiltbank (1972) 35.6 

* N R  

Hereford 
heifers 

United Sta tea 
8' 

not recorded 

Total No . 
Partur:Ltions 

9 ,123 

436 

1 1 9 

788 

754 

N R * 

N R * 

N R * 

N R * 

777 

41 9 

70 
82 

42 

93 

90 

Within recent years crossbreeding has been intro­

duced in a munber of countries in an attempt to increase the beef 

production of the existing beef and dairy breeds. A pop.llar br:eed 
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in this respect has been the Charolais . This breed was probably 

first used to cross with Jersey cattle in Denmark (Hansen, 1 966) where 

it was instrumental in improving the beef production of calves from 

dairy herds. Subsequently it was mated with a munber of indigenous 

British and Fllropean breeds, which, almost without exception, 

experienced increased calving difficulties as a consequence (Anon. , 

1960 ; Anon.,  1963 ; Reyneke and Penzhom, 1964 ; Anon. ,  1966 ; Hansen, 

1966 ;  Lindhe, 1966 ; Sagebiel et al. ,  1969 ; taster and Gregory, 1973 ; 

taster gt al. , 1 973) . Almost all the increased dystocia was assoc-

iated with male Charolais cross calves which, because of their large 

size, experienced difficulty passing through the matemal pelvis 

(Anon. ,  1963) . A report by Creek and Nestel ( 1962) however, which 

described the use of Charolais sires in grade herds in Jamaica, 

indicated that dystocia was not a problem under their conditions. 

They recorded five dystoeias from 467 oalvings over a period ot four 

years, only one of' which was caused by foeto-pelvic disproportion. 

More recently other breeds, for example, the 

Simmental, Limousin and South Devon, have been investigated for use 

in crossbreeding programmes. Reports to date indicate that these 

breeds are also likely to increase calving difficulties when they 

are bred to existing beef breeds (Anon. , 1 970; taster et al. ,  1 973 ) .  

It appears that crossbreeding per se does not reduce 

the incidence of dystocia in cattle (taster and Gregory, 1 973 :  
taster et al. ,  1 973 ) ,  although crossbred oal ves experiencing dys tooia 

may have a higher survival rate than purebred calves (taster and 

Gregory, 1 973) .  A summary of the results of some large cross­

breeding experiments appears in Table II ( vii) . 
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TABLE II ( vii) : CRO SSBREEDING AND DYSTO CIA IN CATTLE 

Source 
Anon . ( 1 96' ) 
(Britain ) 

A;lon. ( 1 9)65 ) 
{Britain 

Hansen ( 1 966 ) 
(Denmark ) 
L indh$' ( 1 966 ) 
(Sweden ) 

Klosterman et al. 
( 1 968 ) 
(United States ) 

Bellows et al. ( 1 971 a ) 
(United States ) 

Sire 

Charolais 
Cha.rolais 
Friesian 
Ayrshire 
Charolais 

Hereford 

Purebred 
matings 
Charolais 

Swedish Red 
and White 
Swedish 
Friesian 
Red Danish 
Milk breed. 
Angus 

Hereford 

Charolais 

Hereford 
Charolais 
Hereford 
Charolais 
Hereford 
Angus 

Laster and Gregory Brown Swiss 
( 1 97'3 ) Red Poll 
(United States ) Hereford 

Angus 
.Angus 
Hereford 
Jersey 
Jersey 
South Devon 
South Devon 
L imouein 
Limousin 
Simmental 
Simmental 
Charolais 
Charolais 
Charolais 

Charolais 

Dam 

Friesian 
.Ayrshire 
Friesian 
Ayrshire 

British dairy 
breeds 
British dAiry 
breeds 
British dairy 
breeds 
Jersey 

Swedish Red 
and White 
Swedish Red 
and White 
Swedish Red 
and White 
Swedish Red 
and White 
Swedish Red 
and White 
Swedish Red 
and White 

Hereford 
Charolais 
Charolais 
Hereford 
Angus 
Hereford 

Brown Swiss 
Red Poll 
Hereford 
Angus 
Hereford 
Angus 
Hereford 
Angus 
Hereford 
Angus 
Hereford 
Angus 
Hereford 
Angus 
Hereford 
Angus 
Charolais x 
Hereford 
Charolais x 
Angus 

D�tocia Total No. of 
(%) pa�turi tions 

1 5.4  1 62 
18.8 ' 1 70 
5 . 1  1 38  
3 .5  I 257 

' 
9·. 5  ' \  

1 2.2 

1 2 .8 

1 7. 3  

1 1 .2 
1 4.0 

5 .4  
33 .3  

50. 5  
44. 2  

1 2.9  
1 6.2  
30. 1 
1 7.0 
22.6 
23.4  
1 0. 9  
6 . 6  

28.6  
32 . 5 
24. 4 
1 8 . 2  
26 . 6 
1 6 .4 
39.4 
28 . 5  

41 . 4  

45 . 6  

1 , 462 

929 

1 , 474 
376 

21 8 

267 

1 31 

21 8 

257 

1 64 

98 
1 07  

55 
54 

1 03 
95 

298 
387 
357 
324 
381 
464 
1 29 
1 81 
1 1 9  
1 20 
355 
347 
41 1 
503 
1 98  
221 

1 33 

1 36 
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II.3.2, Immediate causes of dystocia 

II,3,2 . 1 , Foeto-pelvic disproportion 

Foeto-pelvic disproportion was reported to be 

responsible for 55% and 46% of dystocia encountered in mixed age 

cattle by Wright ( 1 958 ) and Sloes and Johnston ( 1 967 ) respectively. 

while in studies involving primiparous dams inoidencea of 42% - 90% 
have been recorded (Anon. , 1 960; Williama , 1 968;  Rice and Wiltbank, 

1 972 ) ,  Some authors (Williams , 1 968;  Rice and Wiltbank, 1 972 ) 
state that the condition is most often observed in primiparous dams 

but provide no supporting evidence .  However, Mort en and Cox ( 1 968 )  
undertook a statistical analysis of 50 cases of foeto-pelvic dispro­

portion and demonstrated a significantly high incidence in primiparous 

dams and in births involving male calves , thus supporting this view. r 

Breed differences with respect to foeto-pelvic 

disproportion have also been reported. A study of dystocia in 

Friesian and Ayrshire heifers follatdng purebred matings , showed that 

a significantly high proportion of dystocia in the Friesian heifers 

was attributed to foeto-pelvic disproportion (.Anon. , 1 960 ) ,  When 

the results of mixed breed matings were analysed• no differences in 

this respect could be demonstrated between the two breeds of heifers. 

Boudon ( 1 961 ) cited by Anon. ( 1 963 ) reported that a high proportion 

(75%) of difficulties encountered in Charolais cattle was attribut­

able to this cause. · 

Foeto-pelvic disproportion has been reported to 

lead to the arrest of labour through impaction of the humero-radial 

joints in the pelvic inlet ,  friction between the foetal head and the 

first sacral vertebra or the inability of the foetal iliac bones to 

pass through the pelvic inlet (Williama , 1 968;  Young, 1 968 b ) . 

II .3.2,2 ,  Maldispoaition of the foetus 

Accord� to Tutt ( 1 944) ,  Wright ( 1 958) ,  Anon. 

( 1 960) , Donald ( 1 963 ) and S loes and Jobnston ( 1 967 ) ,  78%, 27%, 24%, 
61 % and 26% respectively of calves which were assisted at birth 

exhibited some form of maldisposition. Deviations of presentation 

and posture have been shown by Tutt ( 1 944) and Marten and Cox ( 1 968) 

to account for the majority of mal di  positions associated with 
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dystocia in the bovine species . 

In anterior presentation lateral deviation of 

the head and flerlon of the shoulder , elbow and carpus are the most 

frequent forms of malposture observed (Tutt , 1 944; Morten and Cox, 
1 968) with there being apparently no difference in their incidence 

between single and twin births (Morten and Cox, 1 968 ) .  
Although the majority of calves assis ted at 

birth is presented anteriorly, on the basis of Williams '  ( 1 931 ) 

estimate that only 5% of calves born in cattle are posteriorly 

presented, the reported incidence of posterior presentati ons amongst 

assisted births of from 32% to 5o% (Wright , 1 958 ; Donald, 1 963 ; 

Sloes and Johnston, 1 967 ; Young, 1 968 b) , i s  disproportionately high 

and indicates that a high proportion of pos teriorly presented calves 

experience difficulties at birth. Deviations of posture in 

posterior presentation commonly involve tlerlon of the hook or hip 

joints a� in contrast to those in anterior presentation, are 

reported to occur signifi cantly more frequently in twin than in 

single bi rths (Tutt, 1 944;  Morten and Cox ,  1 968) . 

The cause of foetal maldisposition is not clear. 

Dufty ( 1 972 ) has reported an instance of oo.rpal flerlon which was 
produced by marked to and fro movouent along the birth canal during 
a series of abdominal contractions , while pos terior presentations 
have been associated with excessively fat heifers (Wiltbank et al . , 

1 965 ) and in one report with a particular sire (Woodward and Clark , 

1 959) . Size of oalf appears to play little part in the deter-

mination of this type of presentation , since poateriorly presented 
calves have been shown not to differ significantly in weight from 

those born unassisted within the same s ex and age of dam classes 
(taster and Gregory, 1 973 ) or from calves assisted in anterior 

presentation (Morten and Cox ,  1 968 ) .  These latter authors did 

show , however, that a high proportion of posterior presentations 

occurred in twin births , suggesting that lack of uterine space may 

play a part 1n brlnging about this malpresentation, possibly by 

preventing the calf' from turning in utero• 
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FUnctional stenosis of the posterior vagina 

and vulva 

A form of dystocia described in beef cattle 

which is characterised by functional stenosis of the posterior 

vagina and vulva was reported by Rice and Wil tbank ( 1 972 ) and Dufty 

( 1 972 ) .  In their respective studies this condition accounted for 

55% and 27% of all difficulties encountered at birth. The cattle 

appeared to have little difficulty forcing the calf through the 

pelvic inlet early in labour, but further progress was prevented by 

the presence of a distinct unyielding band corresponding wi th the 

constrictor ve«tibuli muscle (Sisson, 1 953) at the junction of the 

posterior vagina and vulva. On the basis of the differences in 

the incidence of the condition observed between supervised and 

unsupervised heifers during the investigation , Dufty ( 1 972 ) proposed 

that excessive interference b oth prior to and during labour was 

responsible for the problem and suggested that the constriction was 

possibly mediated by excessive sympathetic s timulation. 

II .3.2 .4. Incomplete cervical dilatation , and uterine 

inertia 

Both of these conditions have been reported to 

occur in cattle (Arthur, 1 964; Marten and Cox, 1 968 ;  Roberts , 

1 971 ) but there is no critical information on either in the 

literature. 

The influence of the dam 

II .3.3. 1 .  The effect of age and part ty of the dcun 

The incidence of d¥5tocia in heifers has been 

convincingl\r shown to exceed tba t in mul tipa.rous animals (Table II 
(viii ) ) . 
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Sou1"Qe 

Withers ( 1 953 ) 

20 

THE INFLUENCE OF PARITY OF THE D.AJ.1 

ON THE INCIDENCE OF DYSTOCIA 

Dystocia �) Total No. of 
Primiparae Multipan.e parturi tions 

3 .8  2 . 1  9 , 1 23 
Boudon ( 1 961 ) cited by 

Anon . ( 1 963) 36 . 7  1 2 . 1  N R  * 

Donald ( 1 963 ) 4.0 1 .8 2 , 002 

Heiman ( 1 968) 9 . 1  1 , 6 61 , 596 

Monteiro ( 1 969) 1 9. 9  4. 1  458 

Brinks 2t �· (1 973 )  29. 7  5 . 1  2 , 534 

* N R  not recorded 

This difference was considered to be primarily an effect of parity 

ratheJ! than age by Van Dieten ( 1 963 ) cited by Poll tiek ( 1 965� 
Politiek ( 1 965 )  and Young (1 968 a ) ,  although there is not complete 

agreement on this point in the literature. Young ( 1 968 a) , for 

example,  failed to demonstrate any difference in dystocia between 
two groups of heifers first calving at two and three years of age ,  
whereas Lindhe ( 1 966 )  maintained that peri-natal mortality, which 
was closely linked with dystocia , was higher in calves born to 

heifers calving at less than two years than in those calving between 

two and four years. The occurrence of dys tooia has been sho-r.'ll to 
decline progressively with increasing parity (Anderson and Bellows, 
1 967 ; Brinks et al . ,  1 973 ; Laster et al. , 1 973 )  through to about 
1 0  years of age, when the prob lem again becomes more frequent 

(Brinks et al. , 1 CJ73 ) .  

II .3.3 •. 2 . The influence of the genotype of the dam on 

dystocia 

The influence of the dam on dystocia has been . 
demonstrated by a number of authors in crossbreeding experiments , 

although the results are by no means consistent. For example, 

Here�ord cows experienced significantly more difficulties than Angus 

cows in the studies of taster and Gregory ( 1 973) and taster et al. 
( 19� ) ,  whiie Angus cows experienced significantly more difficulties 
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than Hereford, and Hereford and Charolais cows respectively in the 

studies of Bellows et al . (1969 ) and Sagebiel et al . ( 1 969 ) .  

Apart from the genetic differences associated 

with different breeds , genetic differences between paternal half 

sib groups of dams have been shown to exert a significant influence 

on dystocia and peri-natal mortality (Van Dieten, 1963 ci ted by 

Politiek, 1965; Dreyer, 1 965 cited by Lindhe, 1 966 : Smidt and 

C loppenburg, 1 967 ; Brinks et al. , 1973) .  Paternal half sibs 

from sire lines which produced over 13% of dystocia in their 

progeey were themselves shown to experience a high proportion (over 

12%) of dystocia by Brinks et al. (1973 ) .  

Levels of inbreeding of the calf the dam 

have also been shown to affect the occurrence of dystocia (Brinks 

et al. , 1973) .  At low l evels of inbreeding the incidence of 

dystocia was below the herd mean, but at higher levels of 

inbreeding (above 30%) increased diffieul ties were encountered. 

Estimates of the heritability of dystocia 

considered as a trait of the dam have been calculated by Brinks 

et al. (1973) and Smidt and Cloppenburg (1967 ) .  They reported 

heritabilities of 0.13 and 0.04 in cows and 0 and 0.04 in heifers 

in their respective studies.  Bri nka et al. ( 1973 ) interpreted 

their findings a.s evidence that genotype of the dam is somewhat 

more important in determining dystocia in older age groups of dams 

than among two year old heifers . When dystocia was considered 

as a trait of the calf, the heritability in cows was calculated to 

be 0.07 and in heifers 0.13 . suggesting that genotype of the calf 

is more important in contributing to dystocia in heifers than in 

older dams (Brinks et al. , 1 973 ) .  This explanation would seem 

to be borne out by the fi�ng that between sire differences in 

dystocia are greater when sires are mated with heifers than they 

are when the same sires are mated with cows (see 11 .3 .4 . ) .  It 

is clear from these estimates however , that additive genetic effects 

are of minor importance in determining calving difficulty. 
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The influence of pelvic size on dystocia 

The importance of pelvic size to normal 

parturi tion was demonstrated by Wil tbank and Le Fever ( 1 961 ) by 

attempting to predict dys�ocia from pelvic measurements in a group 

of three year old heifers . Seventy per cent of those with pelvic 
. 2 ' 

areas below 230" -em experienced difficulties compared with 1 2% in 
2 

those with pelvic areas above 230 cm • Since this report several 

authors have noted a significant negative relationship b etween 

dys tocia and the area of the pelvic inlet (Young, 1 968 b ,  1 970;  

Bellows et al � , 1 971 a ;  Rice and Wiltbank, 1 972 ;  Laster , 1 974) . 
Rice and Wiltbank ( 1 972 ) and Laster ( 1 974 ) showed that pelvic area 

was the principal maternal determinant of dystocia , a finding 

confirmed by Bellows et al, ( 1 971 a) in Hereford cattle but not in 

Angus cattle . Although pel vie area exerted a significant influence 

on dys tocia in Angus cattle in this study, pre-oalving b ody weight 

was found to be more important, possib ly as a result of sub-optimal 

body weights for calving in this group as opposed to the Herefords . 

The use of pelvic measurements to predict dystocia at breeding time 

in heifers destined to calve at two years however, appears to be 

limited by the low variability in pel vio dimensions at this age and 

the overriding influence of calf birth weight on dystocia (Rioe and 

Wil tbank, 1 972) .  
Level of nutrition during the final third of 

pregnancy has been shown to affect pelvic growth such that the 

reduced. pelvic growth which occurs in animals on a low plane of 

nutri tion results in a similar incidence of dystocia to that 

observed in animals on a high plane of nutrition, despite signifi-

cantly reduced calf birth weights (Young, 1970). A similar finding 

has been reported by Bellows et al. ( 1 971 a) in relation to the 

effec t  of nutrition during the first half of gestation on dystocia. 

They were able to show that weight gains in beet heifers during the 

firs t  half of pregnancy were significantly related to pre-calving 

pelvic area, and that although pre-calving pelvic area was 

posi tively correlated with calf birth weight, it was negatively 

correlated with dystocia as a result of the predominant influence 

of nutrition on the size of the pelvic inlet. 
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II.3,3,4, The influ ence of nu tri tion on dystocia 

Studies on the effects of different levels of 

nu tri ti on during pregnancy have revealed no marked effect on the 

incidence of dysto cia (Young, 1 970; Scarth and Dorton , 1 972 ; Tudor, 

1 972 ; Wiltbank and Price, 1 973 ; Laeter, 1 974 ) ,  Although it has 

been possible, using different nutriti onal levels , to influence calf 

birth wei ght by the order of 2 - 3 kg, skeletal size of the calf is 

apparently no t affected , the changes in birth weight being referable 

to changes in soft ti ssue (Laster, 1 974 ) .  Presumab ly these changes 

are of less importance to dystocia than geneti c or envi ronmental 

factors that affec t skeletal size of the cal f  at birth. An 
increase in calving di fficulties has been described however in 
heifers fed high levels of nutrition from weaning to first calving 

(Wiltbank et al, , 1 965 ) ,  These animals were excessively fat and, 

although calf birth weight was the same as that recorded in the 

moderately nourished group ,  dystocia occurred more frequentlY, 

The reason for the increased difficulties appeared to be a high 

incidence of posterior presentations and restriction of the size of 

the pelvi c canal by excess fat ,  

!!.3.3.5. Dystocia referable to pathology of the pelvis 

and reprod.ucti ve tract 

Dystocia frequently occurs in association t-r.i. th 
a numb.:.::.• of well recognised conditions of the female reproductive 

tract. Congenital defects resulting in dystocia include hymeneal 

constriction (Tutt , 1 944 ; Spriggs , 1 945 ) and partial duplication 

ot the anterior vagina (Spri ggs ,  1 946 ) whi le acquired conditions , 

often traumatic in origin , include uterine torsion , rupture of the 

pre-pubic tendon , rupture of the uterus and pelvic fracture (Arthur, 

1 964; Roberts, 1 971 ) ,  As a group these pathological conditions 

tend to be sporadic in nature and in the total context of the 

problem are of relatively minor significance , 



24 

II .3.4. The influence of the sire 

Considerable variation has been reported to 

exist between sires and sire lines with respect to the incidence of 

dystocia (Van Dieten , 1 963 cited by Lindhe, 1 966 ; Anon. ,  1 965 ; 
Poli tiek, 1 965 ; Heiman, 1 968 ;  Brinks et al. ,  1 973 ; Wiltbank and 

Price , 1 973 )  and peri-natal mortality (Van Dieten, 1 963 cited by 

Lindhe, 1 966; Politiek,  1 965 ; Heiman, 1 968 )  in their progeny. 

An example of these differences recorded in heifers by Heiman ( 1 968 ) , 
is shown in Table II (ix) . 

TABLE II (ix) : INFLUENCE OF THE SIRE ON THE INCIDENCE 

OF DYSTOCIA AND PERI-NATAL MORTALITY 

% Dead at 
Sire No. Heifers % Dystocia birth 

A 2 , 1 44 4. 9 7 . 0  

B 1 05  6 . 6  8 . 6  
c 1 ,875 9 .2  1 2 . 9  

D 1 92  1 1 . 4 1 5 . 1  

E 1 00  1 1 . 0 1 6 . 0 

Defining the manner in which the sire exercises 

this influence has proved difficml t .  For example , Van Die ten 

( 1 963 ) cited by Arthur ( 1 966) and Bannerjee-Schotsman ( 1 964) cited 

by Poll tiek ( 1 965 )  reported that although it was generally true 

that heavy calves experienced more difficulties than light calves , 

it was clear that the living calves of some sires had a higher �ean 

birth weight than the calves of other sires which died at 

parturition. 

These sire differences in dystocia and peri­

natal mortality are reported to be most pronounced when the bulls 

are mated with primiparas (Van Dieten, 1 963 cited by Politiek, 

1 965 ; Politiek, 1 965 ; Lindhe, 1 966; Heiman, 1 968) .  An 

analysis of 1 09.,329 births in the Dutch Red and White breed, 

corresponding to 25 progeny groups, revealed that the incidence 

of calves dead at birth from heifers ranged from 4. 7% to 39. 4%. 

The corresponding figures for the two bulls responsible for these 
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divergent levels of peri-natal morte.U.ty when mated to cows , were 

2.8% and 6 .5% respectively (Van Dieten, 1 963 cited by Politiek, 1 965 ) .  

:further evidence for the effect of the sire on 

dystocia comes from reductions of calf mortality in heifers that have 

been noted following the use of sires selected. against peri-natal 

mortality. Heiman ( 1 968 )  recorded an incidence of peri-na. tal 

mortality of 5.8% when such si res were mated with heifers , a 

reduction of more than a third. A similar decline was noted by 

Poll tiek ( 1 965) when citing Van Dieten' s findings in 1 963 (see Table 

II (x) ) .  

TABLE II (x ) :  THE EFFECT ON PERI-NATAL MORTALITY OF USING 

SIRES SELECTED AGAINST THIS TRAIT IN AN 

ARTIFICIAL BREEDING PROGRAMME INVOLVING HEI�S 

Year 1 956 1 957 1 958 1 959 1 96 0  1 961 1 962 1 963 1 964 
Peri-natal 
deaths % 1 5 .9  1 3 .,2  1 2 . 9  1 1 . 5 9.2  7.7 7.8 8 . 0  6 .4  

II .3.5. The influence of the calf on dystocia 

II.3.5,1 . The effect of birth weight 

Many authors have reported a positive influence 

of birth weight of the calf on dystocia (Anon. • 1 963 ; Poli tiek ,  

1 965 ; l.fonteiro, 1 969J  Sagebiel et al. , 1 969J Young, 1 970 ; Nelson 

and lhber, 1 971 ; Rice and Wiltbank, 1 972 ; Laster et al . ,  1 973 ; 

Laster, 1 974) .  FUrther to this , Bellows et a+• ( 1 971 a) , Rice and 

Wiltbank ( 1 972 ) and Laster ( 1 974) have shown that calf birth weight 

is the principal determinant of dystocia in heifers calving at two 

years of age. 
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The effect of calf sex 

Male calves are in general heavier at birth than 

female calves (Hansen, 1 966; Klosterma.n et al. , 1 968 ; Sagebiel et 

�. , 1 969; Nelson and HUber, 1 971 ; taster et al . ,  1 973 ) and 

probably as a re:mlt of this weight difference , experience more 

dystocia than female calves . This is i llustrated in Tab le II (xi ) . 

TABLE II (xi ) :  INFLUENCE OF CALF SEX ON INCIDENCE OF 

CALVING DIFFICULTIES 

Incidence of 
d�tocia (�) Total 

:f.Iale Female calves Total 
Source calves calves born births 

Anon. ( 1 963) 24 1 0  380 

8 5 254 

Hansen ( 1 966 ) 1 7  1 0  360 

Sagebiel §t al. ( 1 969) 41 32 46 

Bellows et al. (1 971 a) 67 27 95 

63 34 1 03 

Nelson and Huber ( 1 9 71 )  30 1 5  231 

Brinks et al. ( 1 973) 1 0. 5  7 . 1  2 , 971 

taster and Gregory ( 1 973) 30 1 6  5 , 064 

Laa ter et  al. ( 1 973) 25 1 3  993 

32 21 879 

The effect of gestation length on dystocia 

Although the gestation lengths of purebred 

calves aired by different bulls may show significant variations 

(Kortstee , 1 963 cited by Politiek, 1 965), these differences do not 

appear to b e  related to peri-natal mortality or presumably dystocia 

(B��erjee-Schotsman, 1 964 cited by Politiek, 1 965). In cross-

breeding however, when the gestation length of the sire breed is much 

greater than that of the breed of dam, dystocia apparently is related 

to gestation length. Extensive trials conducted in Britain to 
ascertain the effect on parturition of ma. ting Charolais sires 
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(relatively long gestation length) with indigenous cattle , indicate a 
positive relationship between dystocia and this tr�it.  The 

incidence of dys tocia was 1 5  .. 8% for crossbred progeny com};llred with 

4. 4% for purebred calves and the gestation length of' the crossbred 

calves was approximately s even days greater than that of the purebred 

calves (Anon. , 1 963) . FUrther entpr�rt for this principle comes 

from the work of Sagebiel et al .  ( 1 969) , nho shoued , in a reciprocal 

crossbreeding experiment , that gestation length was significantly 

correlated with dystocia in Angus dams but not in either Hereford or 

Charolais dams J the effect being manifested in the b reed of dam with 

the shortest gestation length. 

II .3.5.4. The effect of conformation of the calf on 

dystocia 

Althmlgh conformation of the calf has been 

enlggested to explain unaccountab le sire differences l'Ti th respect to 

dys tocia (Williama , 1 968 ) ,  as wel l  as the effect of calf sex and 
breed on dystocia when calf birth weights are of a similar order, 

there is no published evidence to substantiate such a suggestion in 

the aba ence o foetal malformations . In an extensive stu y 
conducted to investigate this proposition , Laater ( 1 9 74 )  measured 

shoulder width, hip width , ches t width, wither height a.nd body 

length of calves born in a large crossbreeding experiment involving 

heifers of 14 breeds ; he was unab le to demonstrate any significant 

effect of conformation on dystocia when birth weight was held 

cons tant. 

Muscular hypertrophy, an hereditary condition 

of cattle , in which there is excessive development of muscles , 

pal"'ticularly of the hind quarters , often causes severe dystocia 

especially in heifers if it is preaent in its most marked form 

(MaCKellar, 1 960) .  The condition is considered des irable in its 

mild form (MaoKellar, 1 960) and is encountered in a number of 

breeds , including South Devon, Friesian, Ayrshire , Shorthorn, 

Charolais , Hereford and Galloway (Weber and Ibsen , 1 935 ; 
MaoKellar, 1 960) .  



The effect of pathology of the foetus 

A llW!lber of foetal monstrosities are commonly 
associated with dystocia in cattle. These include Schistosoma 

reflexus ,  Perosumus elumbis, Schistocormus , limb contractures , joint 
anchyloses , anasarca, hydrocephalus and achondroplasia (Tutt, 1 944; 

Artbur, 1 964; Morten and Cox, 1 968 ;  Roberts , 1 971 ) .  Hydramnios 
and hydrallantois , because of their frequent association with uterine 

inertia and foetal abnormalities , have also been cited as causes of 

dystocia (Artbur, 1 964; Roberts , 1 971 ) .  

Metabolic or morphologic abnormalities that 
result in prolonged gestation, usually by interfering with the 

integrity of the pituitary-adrenal axis , may indirectly lead to 

dystocia if foetal growth in utero is not impaired. Calves born 

to vitamin A deficient cattle are often carried two to three weeks 
past normal term and experience a high incidence of dystocia 
(Alvarez , 1 947) which is presumably referable to a disparity in size 
between the large post-mature calf (Ola:f'son, 1 947 ) and the maternal 
pelvis . In contrast, the syndrome of genetic origin, which occurs 
in the Ayrshire and Friesian breeds (Holm, 1 967) and which is also 
associated with large post-mature calves , is seldom terminated 
spontaneously and ,  for this reason, dystocia is not a prominent 
feature. 

II .3. 6 .  The influence of season of birth on dystocia 

A :munber of authors have reported on the effects 
of the season of the year on the incidence of dystocia and peri­
natal lossss - findings are generally inconsistent and explanations 

tor differences not clear. Thus Politiek ( 1 965) , citing Van 

Dieten ( 1 963 ) and St�enga ( 1 964 ) ,  described a higher incidence of 
calves dead at birth in autumn and early winter than in spring and 

summer calving, while Lind.he ( 1 966)  recorded a higher incidence of 
peri-natal mortality in summer and winter than in autumn and spring. 

Brinks et al. ( 1 973 ) in their study recorded a significant effect of 

calving sequence on dystocia and calves born later in the 90 day 
calving period beginning in spring experienced less dystocia than 
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those born earlier . Both gestation length and birth weight in 

cattle have been shown to be influenced by the seasons (Dickinson , 

1 961 ; Yw.ng, 1 968 b ,  1 970 ) ,  however their effects on dystocia , if 

any, could be expected to be in conflict,  since gestation length 

has been shown to decrease from winter to summer, while birth weights 

have been reported to increase. Thus , whether seasonal changes in 

either gestation length or birth weight are in any way related to the 

seasonal patterns of dystocia described above is difficult to 

determine. 
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III : - DYSTOCIA IN A ROl� STUD FLOCK 

Introduction 

A study was undertaken ot a Romney stud flock 
that had in the past experienced a high inoid.ence of dystocia. 

The objective was to define the problem of dystocia in the stud 

floek, investigate its causes ,  and. attempt to explain the apparent 

progressive reduction in the incidence of the problem that had 

occurred over :recent years. 

III,.?,• Materials and Methods 

III,2.1 , Breeding m&llagement and lambing 

The stud wae situated ten miles from Palmerston 

North on flat poorly drained country, th predominant pasture type 

being perennial rye grass with some white clover. In 1 972 this 

property was sold and the flock was relocat d in Havke Bay . I t  

was from this nev env:ironment, i tua ted in , rolling hill country, 

that the final year' s records were derived. Plates III ( 1  & 2 ) 
illustrate the topography o� the two properties . 

Mating was carried out in indiVidual sire 

gl;."'Ups after which the ewes were combined �nto larger groups and 
set stocked with :no preference being given to the maiden ewes. 

At lambing the ewes were inspected three times daily, assistance 

being given to ewe when the life of the lamb was thought to be 

endangered or when the ewes were first observed in dif:ficul ty at 

night f'al1. The maj or:l. ty of those assisted at birth were 

assisted by the breeder himself, 

In 1 966 the breed�:r became concerned at the 

high level o:f dystocia occurrl,ng in his flock and decided to attempt 

to reduce the incidence by culling and selective breeding, His 

selection policy was to line breed to a strain of Romney she p 

which he consid red produced lQWer lamb birth weights , less lambing 

trouble and mor· vigorous lambs at birth., Culling of ewes that 



Plate III . 1 . Lockwood Romney Stud (Kairanga. ) .  

Plate III . 2 .  Lockwood Romney Stud (Hawke Bay) . 
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were repeatedlY assisted was implemented. 

III.2.2 .  Collection and processing of data 

Accurate and reliab le individual performance 

records were kept for all ewes and these were made availab le to the 

author for the purpose of this study, As the flock originated in 

1 964 from maiden ewes the records from years 1 964 up to and including 

1 972 were analysed. 

The following parameters were transcribed from 

the stud cards onto IIDl pmeh ca!'ds for computer analysis : 

(i ) Year of a particular record. 

(ii )  Parity of' the ewe. This indicates 

the total number of times the ewe has 

lambed, 

(iii ) Body weight of the ewe at 1 8  months of' 

age, Ewes were weighed just prior 

to being joined with the ram. 

Weights were not available in 1 972 . 

(iv) Ewo identification number. 

( v) Number of lambs born to a ewe in a 

particular year. 

(vi) Sire identification number. 

( vii) Whether or not the birth was assisted. 

Births classified as dystocous war 

mostly terminated with human help, 

but if a ewe was found to have 

delivered a lamb wi th obvious sub­

cutaneous oedema, suCh as a swollen 

head, this was classified as a 

dystocous birth. When the cause of 

death of any lamb found dead in the 

paddock was in doubt it was classified 

as a ' normal' birth. Lambs found 

dead within the foetal membranes were 

considered for the purposes of this 

analysis to have died from dystocia; 

there w�re few such oases. 

(vlii) Sex of lamb (s ) . 

' -, / 
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(ix) Disposition of the lamb . Mos t of 

the data concerning dispos1 tion of the 

lamb were collected when assistance was 

rendered at birth; only the dis­

position of the first assisted lamb 

was utilised in this study. In most 

oases the breede� himself assisted the 

sheep and entered details of the birth 

in his lambing book. At times other 

personnel assisted, notitlg details in 

a field book and transferring the 

information to the stud cards later, 

Lambs presenting with elbou fle:x:ion 

were not differentiated by the breeder 

f'rom those in extended posture and are 

therefore included in the group of 

coJ"."reotly disposed lambs that were 

assisted at birth , 

(x ) Birth weight of the lamb ( s ) • Lambs 

were weighed to the nearest half 

pound soon af'ter birth using a spring 

balance wi th a s ling attached, The 

time at which this was done varied, I 
but the majority of the w�ights were 

obtaiDed within 1 5  hours of birth. 

Although s ome �tion could be 

expe�ted in birth weights according 

to the time �lff.tive to parttlrition 

at ,J"hich they were meaSU!.'ed, the t'fork 

of Campbell and Nel (1 967) , suggests I 
tlu;\t change� in' �he birth reight of' 

latnhs wi � .� first 1 2  hours of 

life are :reJ,ai;i,ly small. Birth 

weights ot � and triplets were 

presented as � weights and for 

this a.na�;t.s a�l -w;eigh ta were 

converted tQ kilograms . 



Programs tor most analyses were ooq& tructed in OORTRAN and 

processed on an IBM computer, !
A specialised Bar '3 program was 

employed for the sire regression analysis and was process�d on an 

IBM 1 620 computer. In all oaae$ cards with missing information 

were eliminated from the particular analyses concerned. 

Statistical methods 

Differences between means of groups 1-rere tested (s_,�<c�\ �..,.q ��t.-\.f , ,q613) 
for significance using Student ' s t s tatistic., while tests or 

" 
independence of groups with :regard to the incidence of dystocia were 

made by submitting the data to Chf-sq.ua:re eontingency table analyois . 

Yates correction was used in all 2 x 2 analyses .  Product..J>ioment 

correlations (Sokal and Rohlt, 1 969) :we� used to define the relation-
ship of two variables , The effect of laptb t-reig:ht on the occurrence 

of dystocia in groups of e-�es mated: to individual rams was investi€­

ated by fitting a nn..tltiple regression equatiQn with percentage o.f' 
ewes with dystocia as the dependent· var.table � ,.ean lamb weight 

and standard deviation of lamb weignt as the independent variables 

(Snedecor and Cochran, 1 967 ) .  The paTamet�� of the regression 

equation were estimated separately for each of the seven years . A 
modified least squares procedure was ·emplo.yed , in which variance ' ' 

minimised was the weighted residual. squares �f d&viations of the 

dependent variable from the fitted plane'• The weight employed 

for eaoh observation was the recipro�al of � number of lambs born 

in the sire gl'O'Up oonsti tuting that obseJJ:Va/tiplt. The ef'f'eot of , ,  
traMformation of the scale of th� d.epe.lident . wu-iab le , the arc::sine 

or arJgUlar transf,rmation. waa withiout �terta.l effect on the estimate 

obtained tor the influence of lamb,' weight. � . . t 

Results 

The number of xn.aidem and �lder Jewes which lambed 
! ' "· 

in each ot the Iline years of the · surfey, tomrlher Vi� tHe frequency I ' 'I j ' 

ot dystocia in the flock and tha.t observed in "twin and single 

bearing ewes ,  is shown in Tlilble III (i ) .. , AW...-t fro 1 966 both 

single and twin bearing ewes expeJ1.enoed �tmi·lar levois ,o� difficulty, 



while the overall level of dystocia declined progressively from 1966 

to 1 972 .  (Fig III (i ) ) .  

Bo�yveight of maiden ev .s as measured just prior 

to their first joining (�ble III (ii ) )  was not related to difficult­

ies at their fire t lam.bin�n nor was age of ewes , with the exception 

of 1966 ,  related to dystooia (Table III (iii ) ) . 

A comparison of ewes on the basis of tlleir 

previous year• s lambing performance (Table III (iv) ) ,  revealed 

significant differences between groups in all years except 1966 ,  

where numbers were large eno� to be meaniDgf\U. Even in 1965 , 

1 966 and 1 972 a similar tl."Gnd was evident. The overall results 

indicate that a definite relationship exists between lambing per­

fomance of ewes in conseOt+ ti ve years . 

The influence of birth weight of the lamb on 

lambing ditfioul ties is examined in Table III ( v) . The mean 

birth weight of assisted single lambs exceeded that of their 

unassisted counterparts in all years , and, furthermore, a significant 

correlation was demonstrated between the mean birth weight of single 

lambs born in a particular year and the incidence of dystocia 

Fig III (i ) . Of' the single laJ!lbS that w re assisted at birth a 

significantly high proportion were males ('rable III (vi) ) .  a finding 

consistent with the higher birth weight · Of' lambs in this group 

(Table III (vii ) ) . The proportion of ram lambs amongst assisted 

singles varied in diff rent years aoco�ng to the difference in 

birth weight betw en male and tem4l lam'Qs (Fig III (ii ) ) , although 

in 1 971 and 1 972 , d pi te a :relat1ye)3 lar difference in birth , .' 

weight between the aexes, th PirOpo!t-tlon Q� l"8.11l lambs assisted was ' . 
lower than would have been expected• 

Maldiapos1tion .of �e � was more often a ' \ 
feature of assisted twin births t.lian sj.ngle births (Table III (viii ) ) , 

although this was very variable an� th�' re �e ocourred in three 

years. Also toetal maldisposlt167i wfi .mo .. often observed in 
assisted lambs from multiparous ea 11:l'Wi p�parous ewes (Table . i ' \ I ' 

III (i:z:) ) • · ' 
Individual .si �p �di�nces With respect 

to dystocia were demonstrated in cer'bat � �(Table III (x) ) .. The ' .� ' 
extent to which these differences 1te:rle re)AteCt'·t<>� differences in lamb ' . \ \ \ 
weight vas investigated by a regressj.: n ���a ·t"Or wh,ioh the resulta 

( ) 
' I . \ 

ar summa.rised in Table III rl .• · The ' P.rOP�on . t wnanoe in 
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TABLE Ill (i ) :  

Year 

1 964 

1 965 

1 966 

1 967 
1 968 

1 969 

1 970 

1 971 

1 972  

Total munber of 

ewes lambing 

1 45 

293 

636 

594 

597 

587 

574 

581 

474 

FLOCK HISTORY OF DYSTOCIA 

Number of' maiden 

ewes lambing 

Incidence of d.vstoeia as % qf ewes lambiw 

' Single births Trln births Total 

1 43 28 28 28 

1 70  22 t 7  20 

181 37 23 31 *** 

208 21 23 23 

1 �  25 29 27 

1 78  20 21 21 

201 21 23 22 

21 7 1 7  1 9 1 8  

1 77 1 2  1 0  1 1  

*** More single than twin births were assisted in this year, (� = 20.8, p ( 0.001 , 1 d .f. ) 

\}J -.3 



TABLE III (ii) : COMPARISON OF EWE WEIGHTS AT 1 8  MONTHS 

IN RELATION TO DYSTOCIA AT 2 YEARS 

Eves assisted at lambing Ewes unassi s ted at lamb!!!g 

Year Number · 
lambing 

1 964  28 
1 965 31 

1 966 66 
" 1 967 45 

1 968  6 

1 969 40 

1 970 38 

1 971 48 

Mean Weight S.D. Number 
(kg) lambing 

55 . 1 5  + 3.41 92 

53.39 + 4.42 1 1 3 -
59. 1 9 + 4.88 1 01 -
57.45 + 4.50 1 57 -
57. 1 4  ! 4.41 25 

57. 1 7  ! 5.00 1 31 

53 .38 + 3.35 1 57 -
50. 51 .! 4. 99 1 64 

p t not sign:if'icant (p) 0.05 ) 

Mean weight 
(kg) 

54 . 99 

52. CJ7 
58.54 

56.09 

58.04 

57.29 

53.21 

50.56 

S .D .  t p 

� 
+ 4.55 0. 1 7 

+ 3.62 0.04 -
+ 4.67 0.86 -
+ 5. 1 2  1 .61 -
+ 6.00 0.34 -
+ 4.80 0. 1 3  -
+ 4.62 0.21 -

:! 4 .33 0.06 



TABLE III (iii ) :  THE INCIDENCE OF DYSTOCIA IN RELATION TO PARITY OF EWE 

Year 

1 964  

1 965 

1 966 

1 967 
1 968  

f 969 

1 970 

1 971 

1 972 

Primi 'D4rOUS Ewes Seet.tndiPa.l'OWJ_.!!!!!, 
Number % Number % 
lambing dystoci.a lambing dystocia 

1·43 28 -

170 23 1 21 1 7  

181 41 1' 59 28 
200 22 t oo  28 
1 93  32 1 60 21 

1 78  Z5 1 32 1 9  
201 1 9  1 09 1 7  

21 7 22 1 52 1 6  

1 T7  1 6  1 20 1 0  

** Sign:itieant (p < 0.01 , 2 d.t. ) 

1-lul tiparous l!Mes 

Number % 
lambiDg dystoCia 

- -

296 25 

256 21 

239 26 

2T7 21 

264 27 
21 2 1 5  

1 77  8 

-t 
VI 1.0 

1 3 .8 ** 

2.02 

5. 1 5  

O.'TT 
6 .04 

4.22 

5.8 



TABLE III (iv) : THE INCIDENCE OF DYSTOCIA IN EWES IN 

RELATION TO THEIR PERroRMANCE IN THE PREVIOUS 

Elrgs B§S;iLl�e� J2revious ;mru: 

Year Number � 
lambing assisted 

1 965 31 26 
1 966 46 26 

1 967 98 43 
1 968  80 36 

1 969 78 33 

1 970 50 40 

1 971 40 28 
1 972  29 1 7  

Total all years 452 34 

LeYels of signif>icance X 
* 

** 

*** 

Ewes not assistm nrevious Dill 

Number 

lambing 

93 

200 
277 
293 

326 

31 7 

320 
242 

2 , 068 

(p < o •. t ,  1 d.t. ) 
(p ( 0.05,  1 d.f. ) 

(p < 0. 01 '  1 d.f,. ) 

(p <. 0.001 � 1 d.f. ) 

� 
assisted 

1 2  
22 

1 5 
21 

1 7  
20 

1 3  

6 

1 6  

YEAR 

2 
X 

1 . 99 
0. 1 1  

30.37 *** 
� 

6 .96 iE-'11- 0 

9.63 ** 

8.87 ** 

4.60 * 

3 .. 1 4 X 

76.73 *** 



TABLE lli (v) : 

Year Number 

1 964 31 

1 965 38 
·1 966 1 t 6  

1 967  63 
1 968  91 

1 969 41 

1 970 79 
1 971 59 

1 972 34 

SINGLE LAMB WEIGHTS OF ASSISTED � 

COMPARED WITH THOSE OF UNASSISTED EWE5 

Assisted births Unassisted births 

Mean weight S .D. Number Mean weight 

(kg) (kg) 

5.80 + 0.79 74 4.82 -
5 .81 + 0 .. 62 1 25 4.76 -
.5 .71 + 1 . 1 0  188 5.03 -
5.30 :!: 0.76 225 4.51 

5 .87 + t .06 268 4.68 -
5.28 + t .31 227 4 .69 -
5 .46 ! L O'l  288 4 . 69 

5 .0'3 + 1 .t 9  293 4.64 -
5.43 + 0.89 255 4.49 

*** Significant (p < 0. 001 ) 
** Significant (p < 0.01 ) 

S .D .  t 

..r;.. -
:!: 0.74 6.(]7 *** 

+ 0.87 6 .92 *** 
-
+ 0.79 6.25 *** 
-
+ 0.78 7. 1 4  *** 

::!: 0.77 1 1 .50 *** 

+ 0.81 3.85 *** -
! 0.76 7.25 *** 

+ 0.79 3 . 1 4  ** -
+ 0. 90 5-72 *** -



TABLE III (vi) :  PROPORTION OF RAM WtBS IN TOTAL ASSISTED SINGLE BIRTHS 

Year Number of assisted % rams  -x-2 
single lambs 

1 964 31 70 5.45 * 

1 965 38 45 0.42 

1 966 1 1 6  60 4. 96  * t 
1 967 63 56 0.78 
1 968 92 60 3 -52 

1 969 60 69 e . cn ** 

1 970 80 65 7 .2 ** 

1 971 61 56 0.80 
1 972 35 51 0.03 

Total all years 575 59 1 7. 74 *** 

Lewls o£ signiticance * (p < 0.05) ya.\es co.r .re .. cA,o ....... 
** (p < 0.01 ) V'\ 0� C< tJ "  '· a_o( • 

*H• (p < 0.001 ) 



TABLE III (ni) :  THE INFLUENCE OF SEX OF LAMB ON SINGLE LAl� WEIGHT 

Year Number o-r Mean S .D. Number of Mean s.D. t 
e J..ambs eve lamb ram lambs ram lamb 

ve�t 
(kg) 

weight 
(kg) 

1 964  48 4 .90 + 0.66 57 5-. 29 + 0.87 2 . 54 * 
- -

t 965 82 4- 93  + 0 .. 94 81 5.03 + 0. 9:5 0.34 - -
1 966 1 45 5. 1 2  + 0.82 1 57 5.46 .! 1 .05 3. 1 1 ** � - \A 
1 967  1 51 4. 59 ·� 0.81 1 33 4.81 + 0.86 2.22 * 

- -
1 968  1 76 4.85 + 0.92 1 80 5 . 1 1 + 1 .05 2.48 * -
t 969 126 4. 52 + 0.90 1 40 5.03 + 0.80 4.89 *** 

- -
1 970 1 66  4.66 + 0.80 1 99 5.02 + 0.94 3 .90 *** 

- -
1 971 1 79 4 .43 + 0.82 1 67 4 .99 + 0.85 6.24 *** 

- -
1 972 148 4.38 + 0.88 1 40 4.85 + 0 .. 96 4.33 *** 

- -

Levels at significance * (p < 0.05) 
** (p < 0.01 ) 

*** (p < 0.001 ) 



TABLE III ( viii) :  PROPORTION OF DYSTOCOUS BIRTHS WHICH WERE ASSOCIATED WITH A 

MALDISPOSED LAMB IN EWES BEARING SINGLE AND TWIN LAMBS 

Assisted si!}&;le births Assisted twin bi� 

Year Number '% lambs Number % lambs  x_2 maldisposed mal disposed 

1 964  31 35 9 78 3 .42 X 

1 965 38 24 21 57 4.27 * 

1 966 1 1 6 41 72 51 1 .41 +>-..p.. 
1 967  63 32 66 21 1 .29 
1 968  92 28 65 48 5-40 * 

1 969 60 18  61 41 6 .38 * 

1 970 80 49 43 39 1 . 40 
1 971 61 26 42 1 2 2.32 
1 972  34 21 1 8  50 2.64 

Total all years. 575 32.5  397 40 5.22 * 

* Sig.nifica.nt (p < 0.05 )  
X Sig.Dificant (p < 0 .• 1 )  



TABLE UI {1%) : PROPORTION OF DlSTOCOUS BIRTHS WHICH WERE ASSOCIATED WITH A 

MALDISFOSED LAMB IN PRIMIPAROUS AND MULTIPAROUS mll5 

Primiparous ewes assisted at birth Multiparous eves assisted at birth 

Year Number % Number % -z..2 
ma.ldieposed maldiaposed 

lambs lambs 

1 964/5 78 38 21 43 0 •. 01 
1 966 74 42 1 20 45 O.(J'T 

""" \Jl 

1 967 46 24 89 25 0.01 

1 968 64 25 96 45 5 .64 * 

1 969 42 1 2  84 39 8 .7 ** 

1 970 39 36 88 51 3.43 

1 971 48 1 9  55 24 0. 1 3  
1 972 28 21 26 42 1 .84 

Total all years 4t 9 31 579 40 8 .22 ** 

* Significant (p < 0.05 ) 
** Signit'icant (p < 0.01 ) 



TABLE Ill (x) : 

I ear 

1 964/5 

1 966 

1 967  

1 968  

t 969 
1 970 

1 971 
1 972 

INFLUENCE OF THE SIRE ON DYSTOCIA 

x2 

Number of Multiparous Primiparous 
sire groups eves ewes 

30 33.4 33.5 

1 1  39. 9 ** 1 9.2 .,.. 

20 26 .5 46. 5  ** 

u 9.6 1 7 .6 

1 2  30.8 ** 8.8 

1 1  1 2.8 18 .3 * 

21 66. 1  ** 61 .8  -!C-* 

1 6  32.5  ** 1 3 .. 5 

Leyels of signif'icance * (p < 0. 05) 
** (p <  0.01 ) 

*** (p < 0.001 ) 

Over all 
ewes 

37.8 

55.6  *** 
� 

1 5 .5 0'1 

1 1 . 5 
34.9  *** 

20. 1  * 

38 . 6  ** 

22.0 



TABLE · III (xi ) :  ESTIMATES O F  COEFFI C I ENTS FOR THE I1ULTIPLE REGRESSION EQUATION RELATING % DYSTOC I A  TO 
:r.1E.AN LAMB WEI GHT .ANJ) STANDARD DEVIATION O'F LAMB WEI GHT FOR SIRE GROUPS IN SEVEN YEARS 

Year 

1 9 66 

1 967 
1 968 
1 969 
1 970 
1 971 
1 972 

Degr e es of 
freedom 

7 

1 5  

6 

9 
7 

1 4  

1 0  

C o e ffi ci ent o f  
multiple 1 de termination 

-2 
R 

0 . 2 9'7 

0 . 23 4  

0 . 325 

0 . 28 3  

0 . 630 
0 . 32 0  

0 . 780 

Mean lamb wei ght 
partial regress . c o eff . 2 (� 95% confi dence limi ts )  

1 0 c 09 + 1 0 .  67 
5 0 �  j -,- 4 . 37 ·-

1 0 . 4 6  + 1 1  . 76  
5 . 39 + 7 . 74 -
6 . 28 + 5 . 2 3  -

- 1  . 37 + 5 . 99 

8 . 53 + 2 . 98 -

S . D .  o f  lamb weight 
partial regress . co eff . 

(+ 9 5% confi dence limi ts ) 

5 . 69 + 2 2 .8 

-5 . 6 6 + 5 . 5 6  

4 . 40 + 2 1  . 2 6  -
9 . 5 5  + 1 1 . 1 7 

6 . 22 + 4 . 75 -
1 1 . 5 5  + 8 . 23 

1 . 57 + 7 . 42 

1 .  The c o effi ci ent o f  multiple det erminati on ( Snedecor and C o chran, 1 967 ) has b een correct ed 

for b · · -R 2 1 
n - 1 ( 1 -R 2

) h . t· b f . J..as , VJ. Z .  = - �1 _ 3 - w ere n J.S ne num er o SJ.re groups . 

2 .  The partial regres sion coeffi ci ents are shown with 95% confidence limi ts bas ed o n  the 
s tandard e rror of the co e ffi ci ent and the tabular valu e  of s tudent ' s  t for p = 0 . 05 
and n - 3 degrees of fr eedom ( Snede cor and Co chran, 1 967 ) .  

..,.. -.J 



TABLE III (xii ) :  COMPARISON OF SINGLE LAMB WEIGHTS OF MAIDEN AND OLDER EWES 

5 Maigen kes Old!!r Eves 

Year Number Mean lamb S .D. Number l1ean lamb S .D. t 
weight (kg) weight (kg) 

1 964 1 04  5 . 1 04 ! 0.805 1 5 .89 + o.oo o.m -
1 965 1 09  4. 91 3 + 1 . 01 9 54 5 . 1 94 + 0.705 1 .81 7 - -
1 966. 1 1 2  5. 1 1 0  + 1 .01 0 1 92 5 .391 ! 0.950 2.43 * - � 1 967  149 4.367 + 0.723 1 37 5.028 . ... 0.832 7.f80 *** -
t 968  1 69 4. 965 + 0� 945 1 90  5.004 + t .037 0.364 - -
1 969 H1l 4-483 :!: 0 •. 791 1 61 4.979 + 0. 954 4 .. 444 *** -
1 970  1 79 4.606 + 0.787 1 87 5.095 + 0 .. 933 s.4cn *** - -
1 971 1 68  4. 5S9 :t 0.844 184 4 .. 815 :t 0.9<)3 2.304 * 

1 972  1 26 4.488 + 0.859 1 63 4. 693 :- 1 .007 1 .826 

* Signifi�"t (p < 0.05) 
*** Significant (p ( O.OOf ) 
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percentage dys tocia between s ires measured by the estimates obtained 

for the square of the multiple correlation coefficient (coefficient of 

multiple determination) varied from 0. �8 ... o.:78 for individual years . 

In most years the greater part of the ' explanation' of between sire 

differences in pereentage dystocia was due to the effect of lamb 

weight, for which the partial regression coefficient was large and 

poai ti ve in all years other than 1 971 • On the other hand., the 

s tandard partial regression coefficient for the effect of standard 

deviation of lamb weight was more variable and was significant and 

positive for two years , including 1 971 and significant and negative 

in 1 967. In most years there was a significant negative correlation 

between the standard deviation and the mean of lamb weights for sire 

groups and there was a consequent change in the estimate for the 

regression of dys tocia on mean weight when the standard deviation 

was included as a second dependent variable . 

Discussion 

The problem of dystocia in this flock was related 

to the birth of heavy lambs , more often males than females , of which 

the majority were correctly disposed, although it should be noted 

that the inoidence of lambs assisted with elbow flexion and included 

in this group is not k:ncnm. The occurrence of difficulties 

appeared to be unrelated to the effects of age , weight at tupping and 

litter size of the awes . I t  is also reasonable to expect that the 

body weight of ewes at their first lambing in this s tudy was unrelated 

to the occurrence of dystocia sine Dal ton ( 1 962 ) estimated that 6o% 

of the vari�tion in lambing weight of mixed age ewes raa attributable 

to variation in tupping weigh� 

The lev 1 of assistance at lambiDg encountered in 
this flock , particularly in the early years of the study, ·1as similar 

to that recorded by Quinlivan et al . (1 966a ) in a survey of' px-e-and 

perinatal mortality in Romney stud ewes . �n th ame survey they 

reported that of the lambs assisted at birth 1 3� were described by 

breeders as being maldisposed, which is within the wide range 
observed in the present data, 

The pronounce� tfect ()f lamb birth weight on 

dystocia in this flock is in agreement with the findings of' other 
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au thors . Both Fbgarty ( 1 971 ) and Naaktgeboren et al. ( 1 971 ) noted 

a hi gher incidence of dysto cia J.n large lamb s ,  while necropsy data 

clearly demonstrate the relationship between high lamb birth weight 

and dystocia (Sec ti on  II.2. 3 .. ) . 

The conaurrence of a significantly higher level 

of dystocia in the maiden ewes , �d th a significantly higher level of 

dystocia in single lambs in 1 966 , both singular events , suggest a 

common basis . According to the breeder, condi tions for pasture 

growth were very favourable in that year resulting in an abundance 

of feed ; this i s  reflected in the mean bi rth weight of lambs which 

was higher in that year than in any other. The association of 

nutri tion of the pregnant ewe with birth weight of the lamb has 

previously been reported in the sheep (Thomson and Fraser, 1 939; 

Underwood and Shier, 1 942 ; Underwood et al . , 1 943 ; \val lace, 1 948 ;  

Barnicoat et al. , 1 949: Thomson and Thomson, 1 948;  1 953 ; Coop , 

1 950; Palsson and Verges , 1 952 : Russel et al. , 1 967 ) .  Thus it is 

possible tha t the high level of nutri tion was responsible for the 

anomaly evident in Tableiii (iii ) in 1 966 , and was a contributing factor 

to the high incidence of dys tocia in that year, bu t for reasons discussed 

below it is di fficult to explain the higher incidence of dystocia in 

single as opposed to twin lambs on this basis • . 

The similar incidence of dystocia in single and 

twin lambs is in agreement with the findings of Quinlivan and Z.lartin 

(unpublished ) who found that slightly more twins than singles 

died from the effects of dystocia ; it differs from the results 

reported by Purser and Young ( 1 964) and Right and Jury ( 1 969 )  in 

which less than 6% and 21 .3% respectively of dystocous lamb deaths 

under hill country conditions were assigned to multiple births . 

An explanation f� r the relatively low incidence of deaths from 

dystoci a  in twin and triplet lambs in these studies may be found 

in the lower level of nutrition which could be expected under 

hill country as compared wi th lowland conditions . I t  has been 

shown that when ewes are maintained on a high level of nutri tion 

during the final third of gestation both singles and twins approach 

the upper genetic limit for bi rth weight and are often of similar 

weights (Palsson and Verges , 1 952 ) .  Therefore i t  could be 

expected that *wins would experience a simi lar level of dystocia to 

singl6s . By contrast when ewes are maintained on a moderate to 

low plane of nutrition during he final third of station the 

difference in birth weight between single and twin lambs becomes 
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marked owing to the greater influence of prenatal mttri tion of the 
ewe on the growth of twins (Wallaoe, 1 948 ;  Palsson and Verges , 1 952 ) .  

The inci4ence of dystocia under these conditions would be xpected to 
be higher in single born lambs . In support of this _xplanation 
Purser am lolUlg ( 1 964) stated that dystocia was only a major cause of 
lamb mortaU ty when birth weights exceeded a critical value and in 

general the birth weights of twins remained below this lewl. 

The observation that parity of the re had little 

influence on the ocou.rrence ot dystocia is similar to the findings ot 

Quinlivan and Martin (unpublished) and Purser and Young ( 1 964 ) .  
Quinlivan and Martin (unpublished) reported a similar percentage of 
deaths from dystooia in ea of the tour age groups of Romney stud 

ewes in their study while Purser aDd Young (1 964) showed that although 

maiden ewes lost  more lambs from dystocia than the older age groups 

the difference was only 1 .6'% for Blaaktace lambs and o.2% for vlelsh 

Mountain lambs. Consistent with these reports is the observation 
that the incidence of dystocia in Drysdale and Romney ewes lambing at 
1 2  months of age at Maaeey University has been found not to dif'fer 

appreciably from that observed in older ewes (A.N. Bruere- personal 
communication) . In contrast to these reports i that of McDonald 
( 1 966 )  who recorded a highly significant difference between the 

incidence of lamb deaths from dystocia in maiden thr year old -and 

old r awes . It is noteworthy, however, that this closed Polwarth 

flock had a hi tory of poor reproductive performance extending back 
1 6  years and for this reason probably represents a special case. 
Fog rty ( 1 971 ) also recorded a h�g:Qe-r ��idance of' dystocia in maiden 
awes in a Do re t Horn flQOk, al th�gh. th magnitude of the difference 
was obscured by the practice of 0\\l� troul;>lesome ewes and the 

inc1"eased teoundity of the older � s.�e twin and triplet lambs 

were seldom implicated in dystocia. i\l�er evidence of a pre-

sumptive natur relatiJlg parity of tlJ.� ne . . to , clyetocia is provided 

by Quinlivan et al. (1 966a, b)  from L �tudy.1 Qf the lambitlg performance 

of New Zealand Romn.ey stud ewes; IJ,'he,se .allt�ors showed that a 
significantly high percentage ot ).am� bqrn , t primiparous da.m.a were 

dead at bi�. The re.sults of a . p�nous tudy had indicated that 

dystocia was the major Qause of._ p�r;tJlatal mol\tality in Romney s tud 

ewes in this area ( Quinli van and Mar& ,: ( unpu'bllished)} Clearly the 

literature relating to the effee� Qt Mrlt.Y; � :the ewe on dystocia is ' ' ' 

Qontlicting, and while the present findi�,/a\re consistent with some I •  1 \ ( ' 
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reports they atte at var:tane with othel'l!l, 

The demonstration of a relationship between the 

ooaurrence of dystocia in indirtd�al wee in consecutive years is 
sugge&tive of a daJn eff'eot. A similar analysis vas made b;r Brinks 

et al. ( 1 973) in ea ttle . They showed that of 1 95  heifers which 
had no difficulty 1n calvi:og at �o years of age 7,fd, had dif'fioulty 

as three year olds while of the TI that experienced dystooia . . as two 

year olds 1 1  , 7% bad difficulty again as three year olds . Their 
results may be confounded by ti+e pred.isposi tion of prl.miparallS dams 
to dystocia in ttle thereby i.¥icating � low repea.tability, but it' 
they are an accurate estima.t:1on iof the repeatabllity of dystocia in 

that herd then the estimate is consi,derably less than that reported 

in this present study with sheep, 
Quinll van ( 1 971 ) reported '!;he existence of 

differences in pelvic dimensions b.etwee1-1 �eF with histories ot' 
repeated assis tanc at lambing and . othe� ';whitfu had never been 
assis ted, the conjugate diameter ,of tll,e pelid�. being signifioantly 
greater in the unassisted. ewes . Sil'QilaJi "latlollBhips between the 

incidence of dystocia and pelvic dim�nsioDS ·�ave recently been 
reported in Dors t Horn wes by Fo�1:1Y f.q.ompeon (t 974) .  Thus 
it is likely that inadequate pelvic. size contributes to the need for 

repeated assi tance at birth. lihErther : H: d,id contribute to the 

problem in this particular flock oould , ·no� be' tested but f'urther 

investigations of the influence . of pelvic . dimensions on dys tocia 
are considered later in this thesis . 

The influence of matern.t\1 enviromnent on birth 
weight of lambs has been shown by egg!� transfer experiments to be 
muoh 1 ss than that of genotype pt ,the lamb (Df.okin$on et al. , 1 962 ) . 

r , 
It  would therefore be eurpria� ·if'1 this , int'ltleDQe was responsible 

tor the relatively bigh repea�M.Uty qt ,dys.�op� obserted in this 

flock. 

Diftereno . · ·!' 'b���n11.s�, ,grouF clearly related 
to lamb weight auah that thos!' s�re � 4 yith �er average lamb 
weights showed the greatest �,\deiJCe . Q� 41Btoci

. 
� \, Estimates of 

� �, d 
the multiple oorrelatio��: do n , diff r �i@ficant� bet\-teen years , 
w1 th the pOoled estimate corr.,Q�Olli:U.�, t� s,J.ightly'���n excess Of 4o% 

of the • explanat1on1 for between �i�,1grqup dif':t :rJt • In some 
years the e:f'tect of lamb weight( ,��� t, rb� I mocii.fl� 1 y spread of 

lamb weight but this effect , � : · .. ' ot �ean lainb. we,�ght, was 
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inconsistent. The relati.oMbip petween standard deviation and mean 

was surprieiDg, not with respect to its existence, but with respect 

to its sign. Whereas a positi� relationship between mean and 

standard devia�ion. is commonly seen in a.nimal weights and is 

indic.ative of a log normal distlr.Lbution (Bliss, 1 967) , the author is 

unable to offer any explanation tor the negative relationship seen in 

these data. 

Sire differences with �gard to dystocia have been 

reported in ea ttle (Van Die ten, 1 963 - cited by Poli tiek, 1 965 ;  Anon., 

1 965 J Poll tiek, 1 965 ; lieiman, 1 9b8  J Brinks et a:t. , 1 973 ) but no 
\ 

information is available for the sheep, although Moule (1 954) 
recorded differences in �b mortal! ty between sire groups in his 

study aDd suggested that an influeDQe of the sire was a possible 

explanation. Wil tbank ana' Price ( 1 m ) ,  in a B tudy of the influence 

of the sire on dystocia in cattle , shoved that the mean birth weight 

of calves played little part in the determination of between sire 

group differenoes . Of more importance they sugges ted, were 

differences in the variance of birth weight which were observed 

between sire groups and which corresponded Vi th differences in the 

incidence of dystooia , 

study in sheep. 

This does not seem to be the case in this 

An interestiJlg feature of the relationship b tween 

the proportion of single lambs assisted at birth that were males , and 

the mean difference in birth weigllt be�n, male and female lambs 

(Fig III (ii) ) ,  is the anomaly j ol:Jserved ;i,P, 1 971 and 1 972, coinciding 

with the lowest mean birth weipts in the $tu�, apart from 1 967 .. 

I t  is suggested that this anomaly·, constitutes a real effect and . ' 
reeul ted from a threshold be� rea.ohed in �pec.t to tho ralattonship 

of lamb size to pelvic size o . that �ll t1uctuations in lamb weight I 

mediated by sex of lamb no �oll8_e;o p�u.e� � differential Q'f'ect as 

tar as dystocia was concerned. a' . ��b.�n at al.. ( 1 97� ) reported 

that the duration of' parturition i� Heath $p�p was independent ot 

birth veigllt of the lamb, and ·tha t  a;l�cmgh; .4,Qllvecy of ram lambs took 
' . 

an average of three miDUtes lo�r 1th� .�t , Qf ewe lambs, this was 

because ot the presence of well d vel� }J.o2.'11 .'puds in the ram lambs .  

This finding waa in direot contJ;oaat to the .
. 
ai:tuation in Texel sheep 

in which the duration of bi:rth was cl.oe l;y �lf:lttd to the birth weight 

ot lambs . The difference w�s eXp����. �7,1, the finding that the size 

of the pelvis of Texel eves was , in r�l�t1�• to the mean birth weight 
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of the lambe , smaller than that of the Heath eves, Th estimated 
pelvio ar a of the Te�el ewes (meaeu"d by the product of the trans­
verse diameter am the conjugate diam ter of the p lvis ) was 960 om2 , 

or approximately 1 � larger than that of the Heath ewes , while the 

mean birth weight of the Te:el lambs was 4.5 kg or 67% greater than 
that of the Rea th lambs • Thus it was proposed that even the 

heaviest Heath lambs were y-et so small in relation to the pelVis 

that expu.lsion could take place wry easily. The si tu.a.tion tn 
1 967, in whioh the mean birth weight was eVell lower than that :ln 
1 971 , yet the proportion of the ram lambs experiencing dystocia ;;as 

in accord with the eight differencet;J between the sexes , suggests 
that 1n the intel"Vening four years ,.  pelvic dimeXJSiow have been 

altered by selection and culling• and that the results observed in 

1 971 and 1 972 represent the combined effect of reduced lamb ltTeight 

and increased pal vie size of the ewe. 

The reductio;!. in mean birt.h weight of the lambs 

between 1 966 and 1 '572 was apprOJd!m,ately o. 7 kg. Although this may 

be exaggerated by a particularly high mean birth weight in 1 966 it 
should be noted that in 1 964 and. 1 965 the lw�r mean birth ueights 

w re associated with a high proportion of maiden ewes whose lamb 

weights were shown to be consistently- 1 ss than tho e of multiparous 

ewes in all years ot th study (Table III (xii ) ) .  Mean birth 
weights of lambs tro maiden ewes have b en report d to be less than 
those of multiparous ewes by a �bar ot authors (Dalton, 1 962 ; 

Dickinaon et al, , 1 962 ; Purser and Young, 1 964 ) • Despite the 

reported influence of nutrition on bill"th w ight (as disoussed 
earlier) 1 t appears unlikely that � obange in ma.nagemant. of the 

ewes would produo a progressive d cllne in lamb weight of the order 

observed. 

This de J.ine in the birth WQight of lambs is 

construed as a manif'estation o£ genetic oha.nge produced by selection I 
ot sires on the basis of birth eight of th�ir progeny. 

reports have appeared in the literature on the influence of sires 

within a breed. on lamb weight . lia.m:mond. ( 1 932) ;oeported sire 
I 

difterenoas with respect to lamb weight at pn� reek of age in tho 
Suffolk breed, although few ewes were inVOlved in the study and the 

reaul ta as they relate to weight at birth are questionable, 

However, sire differences in mean weight of their lambs l'lore 
demonstrable in the investigation reported h :rs and, on the basis 
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of estima tea of heritability for this trai t which have been reported 

to range from 0. 1 9 - 0.45 in the sheep (Dalton, 1 962 ; Osman and 

Bradford, 1 965 ) ,  the above explanation of the progressive decline in 

birth weight would seem possible. 

In support of the progressive nature of the 

decline in dystocia in this floCk , apparent from the data, the 

incidence of dystocia in 1 973 and 1 974 is reported to have been 3.3% 

and 4% respectively (R. Buchanan - personal communication ) . The 

effect ,  if any, of the change of environment of the flock on the 

incidence of dystocia cannot be determined , but may have contributed 

to the low incidence recorded in 1 972 , 1 973 and 1 974, possibly mediated 

by a reduction in the level of nutri tion or through other effects . 

III.S. Conclusion 

Dystocia in this flock was highly correlated with 

the mean birth weight of single lambs (r= 0.839, p < 0.01 ) and is 

considered to result from a physical disproportion between the lamb 

and the maternal pelvis .  The decline in the incidence of dystocia 

is attributed to a reduction in lamb birth weight and a possible 

increase in pelvic dimensions achieved by selective breeding. It is 

also possible that the change in the environment of the flock has 

played a part in the reduction of the problem in the final three years. 



56 

A TOCOME'l'RIC STUDY OF THE OVINE UTERUS 

IV, 1 .  Introduction 

In 1 965 Hindson et al, first described their 

studies of the activity of the parturient sheep' s uterus , The 
results of this and subsequent studies (Hindson et al. , 1 967, 1 968a, 

1 968b , 1 969) ,  as well as providing important information on the 

condition known as ' ring womb' , have contributed largely to our 

present understanding of the normal physiological events leading up 

to the delivery of the lamb in the domestic sheep. It  is on this 

background that the present study was designed to investigate the 

role ot uterine activity in dystocia and maldisposition of the lamb . 

L:l. terature Review: 

IV.2.1 . Introduction 

1 Internal Tooometr.y 

In spite of the many investigations into the 

activity of the parturient lmm.an uterus , it is only in relatively 

recent years that tccometr.y has been applied to domestic animals . 

It  is therefore not surprising that Jlllley of the methods employed in 

animals were initially developed for use in women. For this 

reason a review of the development of methods of internal tocometr.y 

in human obstetrics forms the first part of this section. 

Inasmuch as the results of those studies and also studies involving 

polytocous species are thought likely to be of little relevance to 

the present investigation, they are not fUrther considered here. 

The second part of this section comprises a review of internal 

tocometry in domestic rum.inants in which both the methodology and 

the results are discussed. 

t 
For a definition of this term refer to Appendix I 
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IV.2 .,g. Internal tocometry in women 

The first successful attempt to measure the 

fluid pressure of the parturient human uterus is generally eredi ted 

to Scha tz ( 1 872 ) ,  cited by Dodeck ( 1 932 ) and &rris and Gillespie 

(1 950) , who used a water filled balloon placed between the foetal 

membranes and the endomet�um. Sehatz' s careful observations 

were confirmed in 1 938 by Wood.bury et al. ( 1 938) using superior 

methods. (A summary of the development of methods of internal 

tocometry is presented in Table IV (i) ) .  

In the late 1 9th and 20th centuries a nwnber of 

modifications of the Schatz technique were described (reviewed by 

Dodeck (1 932 ) and Rarris and Gillespie (1 950) ) but none improved 

materially upon the results obtained with the original apparatus. 

Despite objections that large balloons might 

disturb the contraction patterns of the parturient uterus (Wester­

mark ( 1 893 ) cited by Rarris and Gillespie ( 1 950) ) these continued 

to be used for sensing pressures (Moir, 1 933 , 1 936: Adair and 

Davis , 1 934; Salerno, 1 938)  and up to 1 944 the most significant 

improvements occurred in the method of recording. Schatz ' s  

recording system, like others of that period, used the mercury 

manometer which has the disadvantage of a low frequenoy response 

because of its high inertia. However, mercury manometers were 

gradually replaced by systems such as the optical differential 

manometer (Wood.bury et al. , 1 938 ) and more recently by the 

electromanometer which has a �eh superior frequency response. 

Karlson ( 1 944, 1 949) cited by Harris and 
Gillespie ( 1 950) . in an attempt to overcome some of the short­

comings of previous toeometers, used a sensor based on the 

granular carbon microphone, which was introduced int9 the uterine 

cavity by means of a probe. Several of these devices could be 

placed in the uterus at one time and suCh preparations were used 

by Karleon (1 944, 1 949) ' to make a closer study of the process of 

motility ld thin the various parts of the uterus • • •  ' • 

In 1 948 the method of measuring uterine pressures 

developed by Wieloch ( 1 927) for use in oases of hydramnios was first 

used to monitor normal labour graphically (Alvarez and Caldeyro, 1 948 ) . 

In 1 950 Alvare� and Caldeyro, and Caldeyro et al. described extensive 



studies of amniotic fluid pressures during pregnancy and parturi tion 

using their adaptation of the trans-abdominal intra-amniotic catheter 

method. A large bore hypodermic needle was inserted through the 

abdominal wall to penetrate the amniotic sac and was then connected 

by way of a rubber tube to a water or mercury manometer recording on 

a kymograph. Abdominal pressures were recorded also from a 

catheter in the urinary bladder connected to another mercury 

manometer. Caldeyro-barcia and Alvarez ( 1 952 ) further improved 

the technique of Alvarez and Caldeyro ( 1 948 )  by introducing a thin 

catheter through the puncture needle which c ou ld then be wi thdrawn, 

thereby reducing trauma to the patien and making records easier to 

obtain. In addition an electromanometer and chart recorder were 

substituted for the water or mercury manometer and kymograph. In 

this form, the method was employed in many subsequent s tudies 

(Caldeyro-barcia et al. ,  1 957 a ,  b ;  Caldeyro-baroia and Poseiro , 

1 959 ; Hendricks et al. , 1 959 , 1 962 ) .  A comparable method has 

been used by ll\lohs et al. ( 1 965 ) but in contrast to that of Alvarez 

and Caldeyro ( 1 950) the intra-amniotic catheter was passed through 

a needle inserted in the anterior u terine wall from the anterior 

fornix of the vagina. 

Willlams ( 1 952) and Williams and Stallworthy 

( 1 952 )  first reported the use of the trans-cervical open ended 

catheter, combining the accuracy of direct fluid recordings wi th the 

relative simplicity of vaginal techniques . High rupture of the 

foetal membranes was effected by a Drew Smythe catheter, through 

which the recording catheter was then introduced . The recordings 

of intra--uterine pressure so obtained (Williams and Stallwortby, 

1 952 ) ,  agreed closely with those reported by Al varez and Caldeyro 

( 1 950) . As in the trans-abdominal techniqu , obs truction of the 

catheter by mucus or vernix caseosa was a shortcoming, largely 

overcome by the use of an electromanometer (Carey, 1 954) or, more 

recently, by using a vinyl catheter wi th helical s 11 ts cut in the 

end (Jenssen, 1 973) .  
With the development of miniature strain gauges 

it became feasible to measure intra-uterine pressure directly by 

introducing eleotromanometers into the uterus itself. The first 

ins trument of this type was described by Ingelman-Sundberg et al. 
( 1 953 ) - It consisted of a flexible probe on which was mounted one 

or more pressure transducers which cculd be located at s elected 
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' .. 
leye� ot the uterus . The probe was introduced through the 

extel"IU:\1 os uteri and placed between the endometrium and the intact 

foetal membranes. As originally designed this instrument suffered 

trom the production of artifacts when the trs.nsd.ueers came in contact 

with the foetus during d l1 very, and an impr-oved version was sub­

sequently developed (Ingelman - Sundberg and Lindgren, 1 955 ) .  

Radiotelemetry, which enables internal s. nslng 

devices to be  used without the need for wires connecting patient to 

recording apparatus , was first applied to measurements of intra­

uterine pressures by Smyth and Woltt ( 1 960) and later by Peraianinov 

and Chermkba ( 1 971 ) . A capsule containing a pressure transducer, 

miniatur� transmitter and power supply was inserted through the 

cervix and plao d intra- or extra-amniotioally from where it relayed 

information to a receiver situated on or near the maternal abdomen. 

This devio , in common with the probe method (Ingelman-Sundberg !.t 

Al.• , 1 953 ) ,  had the particular advantage that actual pressures were 

recorded as compared with the pressures recorded by balloons which 

were relative to their in:f'la tion pressure • Bangham et al. ( 1 966 ) 

have described the shortcomings of endoradiosond.es from their 

experiences with the us of this technique in studying uterine 

activity in Rhesus monkeys. 

A method which, unlike many others , enabled 

intra...u.terine pressure to be recorded throughout the three stages of 

labour was described by Henciricks Qt al. ( 1 962 ) .  In this an open 

ended catheter was embedded in the �l!letrium by needle pUncture of 

the abdomen and connected to an electrom.anometer and an electronic 

recorder. These authors demonstrated that pressures recorded from 

such a catheter reflected changes in the pressure ot the amniotic 

fluid.. They were able to confirm all the major features of uterine 

activity reported by earlier workers. 

An important advance wa made when Cs po (1 964) 

developed a teQhnique which was more suitable for th routine 

moni tor:tng of labour. A saline-filled micro-balloon as placed 

between the intact to tal membranes and the endometrium, and was 

connected by a tetlon catheter to an electromanometer � chart 

recorder. This method had th advantages ot a.void1� injury to 

maternal and foetal blood vessels and also of elimip.ating o theter 

blockages ,  although according to Be:ngtsson ( 1 968 )  it did have the 
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disad.vantage of ditficul ty in maintaining the balloon at exactly the 

same vo:Lum.e throughout Ill8.XW hours of recording, which presumably 

resulted in drift of the baseline of the recording. 

The sponge tipped catheter (Bengtsson, 1 968 ) was 

claimed to overcome the problems experienced with the intra-uterine 

micro-balloon. In contraat to the open ended catheter method from 

which 1 t was developed, this method could be used for measuring 

pressures in both the pregnant and the non-pregnant uterus . The 

essential new feature was the presence of a small cylinder of inert 

synthetic aponge secrured over the end of the saline filled ca1;heter. 

This system had the advantage et eliminating the need to flush the 

catheter - a limitation of the open ended catheter. However. care 

had to be taken to select a suitable sponge to avoid artifacts . 

In 4'·..,�oent report Lima and Montenegro ( 1 972) 
have described .a ·imeumat1o system for measuring intra.....uter1ne 

pressures whi-ch they developed for the routine monitoring of labour. 

By using a �tiQ rather than a bydraulic system the authors 

claimed that oonneetion and disconnection of the catheter was easier 

and that the eydroatatic etfeots which in hydraulic sys tems 

necessi ta.ted levelliDg of the tranadu4er and the uterus were 

1 1 mina ted. 



TABLE IV (i ) 1 
Author Date 

Soh4t. 1072 

Vostermark 1893 

Jtuokor 1 922 

8ourne and 1 927 
Bum 

Violooh 1 927 

lloir 1 933, 
1 9}6 

Adeir and 1 934 
Davis 

Salerno 1 938 

Voodbucy 1 938 
�-

X&rlaon 1 944, 
1 949 

J..lvarez and 1 948  
Caldeyro 

Schild et a l .  1 951 

Villiams anti 1 952 
Stallvortey 

l"<telme.n- 1 953 
SUndllcrg 

s!t ... 
Sm,y:!l alld 1 960 
YolCt 

Kondrioks 1 962 
liAl· 

Coapo 1 964 

lllcho 1 965 
.flll. 

B.nctaaon 1 968  

Lima and 1 972 
!!on tonogro 

6 1  

THE DEVELOPME!Ir Of' lllTEX.'iAL To.:Ofi�,.RY IN HUI\All on:;n:rRICS 

llothod 
1 

1 .  Intrn-utorino balloon 
2. Tron."J-cfirvloal '· P.ydrnulio 
4. l'.or0\1ry IMnomotor and oit:plo kyt30graph 

t .  !ntrn-1.! t..�rino balloon 
2. Tro.n..,-certtoal '· Hydrou lio 
4 .  Mal"Q.lry manometer and kyzr.ograrh 

1 .  Intrn-u tt?t1.no bag 
2. Intre.-eervical }, Bydruulic 
4 .  Mercury mrmometer and kyrlograph 

1 .  lntro-u tarine balloon 
2. Tran::t-cotYical 
3. Hydraulic 
4 .  Mercury manoraetcr &.nd kY'I'loG'raph 

1 .  lntro-arr.."11ot1c open-ended catheter 
2. Trans-abdominal 
3 .  fiydroulic 
4. Mercury manometer 

1 .  Intra-u terine balloon 
2.  Tran:J-cervical 
' · Hydraulic 
4. Morcury mano::1eter and �ograpb 

I .  Intra-u terino bag 
2. Trans-corvioal ' · Hydraul i c  and pnC\.l.m& tic comb ined 
4. l!eroury manoccter and kycogroph 

I .  Intra-uterine bag 
2.  TraM-ce-rvical 

' · · Bydrnulic and pneumatic co111binod 
4. Mercury nanometer 

I .  Intra-u terine balloon 
2.  Trans-ccrvica l  
'· Not described 
4 - Optical differential t!.8llometer 

I .  Intra-uterine grarru.lar carbon sensor 
2. Trans-cervical 
3. None - direct 
4 - Y.illi8.!:.Dloter 

I .  Intra-umiotic open ended catheter 
2.  Trans-ubdot�inal 
' · Hydraulic 
4. Water and �tercury manoCI.eter and k-ymograph 

I .  Intra-uterine and intra-cervical balloons 
2. Trans-vaginal }. Hydraulic 
4. MerC".Jry t:anoc:cter aOO kymograph 

I .  Intra-semiotic or-n end�d catheter 
2. Trans-cerv"lcal 
'· Hydraul i c  
4.  �el"C'\.:.ry ma."lometer and kymograph 

I .  Intra-uterine strain gauge sensor 
2. Tra.n.s-ccrvioal 
3. None-direct 
4- Oscillograph 

I .  Intra-uterine sensor and tr:msr:U tter 
(radio lelctletcy) 

2. Trans-cervical '· None - direct 
4. Chart reoordcr 

I .  Intra-oyome trial open-ended Ct!.thoter 
2. Trons-abdo:llnal 
' · !lydrnu lio 
4 .  Eleotromanometer b..Dd chart recorder 

1 .  Intra-u teri nc balloon 
2. Trans-cervical ' · Hydrau lic 
4. Electrooanooeter ar.d chart reco:-der 

1 .  Intra-amniotic open-ended catheter 
2. Trann-vogiD!ll 
' · Hydrau lie 
4 .  Eloctro:nonomcter aOO chart reco;\l'Jr 

I .  Sponce- ti ppt-d. cathoter 
2. Tran3-ecrv1oal 
' · Hydrnu lio 
4. Electrot:Anomctcr and ot.art rooord.er 

I .  I n t ra-uterine ballO<"n < •  Trnr.:J-Of"r'f"i 03l '· Pn�'l.tlO 
4.  Elcotroo.nno:notor end ohart. rooordor 

I - �>nthod 
2 .. approo.ch 

CC>rlr.lont 

Rit:h inertia roco:'\1!�� !lystom e.ud larco balloon (ac eo } vero d1 cw.lVA.ntege:J. Proesurea relltivo. 

S!:!ell balloon· (2 eo) nvoidcd voooib lo dino.•lvuntaeo 

ot largo balloon." dioturbing u t'lri no eoutrnction 
pnttorn.3, 

Proosuros oould only be rcooJ:nlcd in first Dtll€0 
labour. 

Staall balloon an advantage . 

Recorded resting pressure!'! during proenancy in 
women vi th hydra.mniou. 

Uood ...,ltiple balloons . 

Usod mainlY" in· the poat-partum uteruo. 

Very largo 800 eo bae (used for cervical dil...'\tation) t.·a:5 a dis tinct di�!ld'lantacc. 

:Dif!c.rontial pressures mes.surcd using gastric 
ballooos aod artct·ial ce thetcrs. Low inertia 
oyst<m. 

Lcv inertia system. Mor!t than one senoor could 
be used si..lonllta.1cously. Calibration non-liuear. 

Placent-al haemorrh!lge. passac� of ar.miotic fluid 
into pori toneal ea vi ty, et. a true tion of the needle 
and, i.n certain ca!les , sca:rci"ty of amniotic fluid 
were problems . 

Used tor measuring intra-cervical and intra­
u terino pressures duri!l.6 prcgn.e.ncy. 

Ob!>truction of the catheter, scarcity of a:nr.iotie 
fluid and desccot of the ea �h<Jter vi th the fostus 
liere prolJle:t.S . 

J...rt.i.facts produced when een.s•Jr c&.me in contac t ,.;. th 
foetus dur.ing labour. Actual pre:ssures. 

Actual pressures. Trall3::li.tter h:td short life. 

Capable ot recordirl.& pressures durinc !he three atacos of laboor. 

Avoided injurJ to foetal and zn!ltcrnlll blood 
'ft!Ssels and elhrl:ill tcd ca the ter blockne::cs . 
Difficult to mai ntain t::u.ct volU!Jle? 

tJ:�od. tor noni to ring labour 1n cases ot 
ther&}.IOUtic abortion. 

Enab!od prcaeure3 i n  prct;nant and oor-pr6f1\llllt 
uteruo to be ta::o.ourod. EliiD.inatud cathotor 
b locl:"tl•• . 

C�unoct1on an:l dtao·)ruwction o"'r.y. 
effcota elildrJt. tod. 

liydroo t..t.lc 

' - t''Ur,C�o1:loion of rrootJure 
( - l"'OOrd ifl8 0�0 \.')M 
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IV, 2 .3, Internal tooometr.y in ruminants 

Uterine and cervical activity during pregnancy in 

ruminants was the subject of an early report by Fi tzpatrick ( 1 951 )  in 

an extension of the inves tigations of Sohild ( 1 951 ) and Sohild et al. 

( 1 951 ) into the aotivi ty of the human uterus and cervix. Using the 

same CSAJlllla as that employed in the human studies Fitzpatrick ( 1 951 ) 

was able to show that the cervices of cattle , sheep and goats were 

capable o� spontaneous contractions independent of the body of the 

uterus , Recordings were obtained from cat�le in the standing 

pos��on with epidural analgesia and from goats and sheep in dorsal 

recumbency under pentobarbitone and cyclopropane anaethesia. In a 

further l"eport Fi tzpatrick ( 1 957)  determined the response of the 

bovine uterus and cervix to pituitrin thrOughout pregnancy. His 

results intl..iaated a trend towards a greater uterine response to 

pi tui trin as parturition approached, while the responsA of the cervix 

remained constant. 

In a study ini tie.ted to determine the relative 

amounts of work done by the abdominal and uterine muscles during 
parturition in cattle , Gillette and Holm ( 1 963)  used plastic micro-

balloons to detect both uterine and abdominal pressures . These 

balloons were sutured between the myometrium and the endometrium 

(uterine activity) and on the serosal surface of the uterus 

( abdominal pressure ) , Of 0, 1 cc , they were blown in the end of 

sealed plastic tubes which became the reoording catheters and were 

connected to a pair of eleotromanometers attached to the cow' s side . 

A flexible overhead lead linked the electromanometers to the 

stationary amplifier and recorder. Based on a comparison of areas 

under the tracings obtained from the uterine and abdominal balloons , 

it was estimated that the uterus contributes 90% or more of the effort 

required to expel the foetus. Uterine pressures reoorded by this 

technique reflected both local and generalised Jicy"ometrial aoti vi ty 

since balloons situated some distance apart often recorded similar 

pressure waves at different times. On the other hand abrupt 

pressure changes ascribed to activity of the circular I!Dlsolee of the 

uterus produced pressure changes 1n other balloons which were 

simultaneous although reduced in amplitude It i� not clear 

whether the results obtained with this technique give an accurate 

reflection of intra-uterine pressures , since they were apparently not 



validated by the simultaneous uee of an open ended oatheter. 
The first report of uterine aot1vi ty during 

parturition 1n the ewe was that of l.furdiok ( 1 964) . He recorded 

intra-uterine pressure in three ewes prior to and during partu.ri tion 

by �gically implanting rubber balloons between the foetal membranes 

and the endometrium. A polyeteylene catheter attached to the 

balloon was passed sub taneouely to the thorax where 1 t was seoured 

for periodic monitoring ue1Dg an eleetroma.xlometer and recol'der, 

Pressure charlges recorded up to 1 2  hours before dell very ranged :from 
6-'0 m Hg, while within 1 2  hours of birth, pressures in �-v:'!ass of 

1 00 mm Hg were reeorded :from two sheep and 65 mm Hg trom the thil'd. 

Prvssu.re ohanges in two sheep caused by abdominal straini:ng during 

second stage labour reached mean levels of 48 mm Hg and 96 m. Hg. 
On the basis of subsequent reports (see below) it seems likely that 

both the uterine and abdomillal pressures recorded by Murdick ( 1 964) 

were abnormally high. 

Intra-uterine pressures in pregnant ewes were 

monitored by Hindson et al .  ( 1 965 ) with the aid of radiotelemetry. 

They surgically implanted pressure sensitive radio transmitters 

( endoradiosondes ) between the foetal membranes and the endometrium 

in ten ewes , two to three w eke before term. Uterine activity 

was monitored daily while the sheep were restrained in a metabolism 

ora t surrounded by a loop aerial . During parturition, however 

recordings wer made continuous ly with the ewe on s traw in a pen .  

An undesirable feature o f  this instrument, whioh obscured changes 

in uterin tone (Ward, 1 968  oi ted by Hindson and Turner, 1 969) was 

the variation in the baseline of the recording oaus d by carrier 

frequency d.ri.:tt . But in comparison vi th the endoradiosonde of 

Sleyth and Wol.tf { 1 960) which was not capable o:t transmitting fot: 

more than 24 hours , this inatl"UUD.ont bad the advantage of being 

able to transmit for up to thra& months. Observations by Hindson 

et al• {1 965) indi ted that until about 1 2  hours prior to 

partu.ri t,1..on the uterus was quiesoent and that up to this time all 
pressure changes could b ascribed to extraneous sources , chiefly 

body movement. Uterine pressures first b eoame apparent about 1 2  
hours before birth and iwreased progressi wly in amplitude until 

birth, a. t wbioh time they ranged trom 1 5  - 23 =n Hg. An important 

observation was that abdominal expu.lsi�e effort was olos l.y 
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syndhro!lj.sed with th peaks of the uterine pressure waves . With 

the aid ot two radiosondes , one implanted in eaoh gravid horn. 

Hindson et al. (1 968a) wer able to show that 1n the oas ot a ewe 

carrytng twins the uterine pressures d veloped 1n one horn were 
approximately twio the amplitude of' those developed in the other 

ho:rn and that invariably' the lamb looa.ted �n thiS dom:tnant horn was 

delivered before its twin. 

In an attempt to dete-�e the cause of ' ring 

womb• in the owe Wa;rd ( 1 966) examined the :celationah;ip between 

uterin� a tivity and cervical dilatation ®ring parturition.. He 

employed tt-ro methods, one of whioh ras similar to that of Caldeyro­

barcia and Al varez ( 1 952) ;  a polyetbyle:ne the tar being inserted 
into the allantoic oavi ty by needle puncture of the abdominal wall.. 

The other resembled that described by Murdiok ( 1 964) in vrhieh a 

balloon oa.theter was placed between the foetal membranes and the 
endometrium, although in this case the system was filled. with air .. 

Both m.ethods yielded similar results . Regular pressure waves 

were found to begin betw en 6 and 1 5  hours before parturition, 

appearing fir t as three or tour contractions followed by quiesQent 

periods ot about five minutes which grew progr saively shorter until 

two or thr e hours later the waves became oonti:ououa . An intra-

abdomi.nal balloon was used to record abdominal b aring down etf'orts 

and artifaetes caused. by body movement. Th magni tud of' th 

uterine contractions ranged from 20 mm Hg to 45 mm Hg although 

b ring down effort increased these pressures to 1 00 mm Hg. 

Hinds on et 1. ( 1 967 ) ,  haVing previously 

established the normal pattern and intensity of uterine pr saur 

ollange oocurrill6 in etoJea at parturition (Hind.son et al. • 1 965) ,  

attempted to induce the condition of ' ring  womb'· by admjnisterillg 

20 mg of dieteyl stilboestrol to a. number of mr during pregnancy. 
Uterine pressures 1n these evtea wore m�tored by radiotelemetry 

(Hinds on �t Al• ,  1 965 )  to inveBtigate the poasibili ty that 

inadequate uterine activity was respo:rw1ble for the failure of the 

ea� to dilate. Fourteen ewes "t'tere inj ected with diethyl 

tilboosil"ol and two developed • ring womb' neoeaai tating caesarean 

section. The intra.-u terine pressure waves of' these ewes however, 

were indistinguishable from those of the controls ! I t  was 

therefore ooncluded that • ring womb' is not oaused by illadequate 
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uterine aotivity but is probably a pri.Inaey disorder of the oemx 

itself. In a further tnv�tigaUon Hindson et al. (1 968 b ) 
studied the effect on uterine aotivi ty and cervical dilatation of a 

deficiency of vi ta.min D and of injections of progesterone. Ewes 

maintained on a diet deficient in vitamin D showed no significant 

abnormalities , but the uterine activity of the nine ewes treated 

with progesterone was found to be low compared with that of the 

contro ls .  In six ot the progesterone treated ewes cervical 

dilata:tj.on lra.a delayed, although full dilatation was eventually 

achieved; there t'lae, however, litt1e indication of • ring womb• in 

these ewes and no apparent eimilari ty to the experimental • ring 

womb• induced by diethyl stilboestrol . 
In an extension of the previous study Hindson 

�t al . (1 969} examined the effect on uterine activity of a single 

dose of 80 mg of progesterone administered by intra-musoular 

inj ection at the onset ot labour at term.. Oxytocin s ns:f.t!vity 

was also measured by observing the effect of intravenous injections 

of oxytocin on u terine aotivit.y . I t  was found thB.. t a single 

inj ection of progestel'One had a marked. depressant eff et on the 

myometrium, abolishing or considerably diminishing the pressure 

waves in moat ewes and delayillg the deliv ry of lambs . In 

general the threshold do se of oxytocin was found to decre e lfi th 

�proaching pa.rturt ti.on. 

Animals 

Ewes employed in this study were dra-vm from a 

group of 67 which bad been selected. on the basis of past lambing 

pertorma.noe from a nw.aber of Romney flocks . Thirty ewes . bought 

from a comm.eroial :flock had. never required assistance at birth 

while the balance were a tud ewes , most of which had been assisted. 

to lamb at least once Following shearing in J nu� H1B the 

ew s ere set stocked on predominantly rye grass pasture ?n the 

Me.st:tey No . 2 Sheep Unit and maintained in good. health. 

Sine only two she p oould be monitored I 
simultaneously vi th th fao111 ties available for reoord� uterine 
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pressux-es, it was necessary to extend lambing over a mmber of 

montl1s so that a auf'tioient number of ewes cou ld be studied. 'l'o 

this end matiDg was planned eo that approximately two or three el(es 

lfOU.ld lamb per week. Thus gyeey se-ven days a Romne;r ram fitted 

with a mating bamess and crayon (Appendix II ) was joined with the 

ewes anrl. at'ter thr'ee or tour ewes had been marked he was then 

l.""etnoved. Tbe bal'Jless was replaoe1l fortnightly until a sequence 

of four different colours had been used. At this point any 
coloured wool present was clipped ott the ewes and the sequence of 

colours vas repeated. To enable easy identification of the ewes 
during J:J:I4ting large numbers were sprayed on their fisnks w1 th 

aerosol atoek marker (Appendix III ) .  For the fi:re.t three months 

a single ram wa.a used. Later in the season an additional ram was 

used aa the first appeared to have reduced llbldo . Individual 

tupp� dates were recorded from whi� lambing dates were estimated. 

Approximately 90 days after mating the ewes tTere 

ra<Uographed to diagnose pregnancy and to determine the l'Dllllber ot 

foetuses present. A ventro-.dorsal radiograph of tbe abdomen fas 

taken while the sheep � ill dorsal re<:Wiibeney,. on a cassette holder 

(tor t�oal detaile see Appendix IV) . . It lfas found tl1at the 

eweS uou.ld. remain in this poai tion Without support 1-rhile under the 

in..."'1.uence of a tranquillizing dose (0.01 g) of xylasine (Rompun­

:Bayer) . With this dose most of the ewes were able to walk when 

they l"rere assisted to their feet and oould be returned to pasture 

at thG conclusion of the procedure . Chemical restraint was 

chosen to eliminate the danger of excessive radiation exposure, 

which would have ex:ieted had the ewes been held. 

One month prior to the expected date ot lambing, 

ewe.s i th single foetuses were transferred to indoor pens where 

they were fed Qlover hay and 11 �ed. oak!h For a week they were 
_., 

alloi'Ted. to grow acouatomed to t�ed.r new enviromnent and adjust to 

the <;hAnged diet , thEil, bet ore SUF'gery, food and va ter were withheld 

for a period of 1 8  hours , On ttheir return trom surgery the wee 

uere placed in a wooden stall similar to that whioh vas used during 

reoo�ing (Plat IV. 1 . )  where they were tethered with another ewe 

for company. While in tbe s talls they w-ere g1ven approximate� 

2 .5  kg of hay and 700 g of ld.bbled l.inseed cake daily. Water was 
I 

provided ad lib, Later in the wrse of the experiment the 



Plate IV.1 . 

Plate IV.2. 

Ewes in recording stall during moni toring of 
intra-uterine and intra-abdominal pressures 
(D ,s .r .R. ) . 

Active period 1 4  days before lab our in sheep 
75R showing amplitude measurement ' a' .  Time 
signal in minu tes . Each large division 
corresponds to 2 . 5mm Hg. 
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ration of linseed cake vas J.'!eduoed to half in an effort to produce 

more moderate birth weights , The ewes soon became used to ha.tng 

the s traw in their stalls replaced am most readily' accepted their 
confinement. After about a week the ewes were transferred to the 

an�.mal recording room at the Department of Scientific and Industrial 

Research leboratory (D .S .I  .R. ) near the Massey University camp.ts and 

continuous monitoring of u terine pressures wa commenced. Through-

out the recording period the ewes were restrained loosely in wooden 

s talls -. A collar and chain attached to the front of the stall 

prevented them from turning round and dis lodging the catheters 

(Plate IV . 1  • ) • Visual oontact between ind.i viduals was preserved 

by incorporating large openings in the partitions . These also 

provided access to water. Hay and linseed cake were supplied in 

troughs fixed to the front of the stall and accessible through the 

front division. In order to facilitate free drainage of urine , 
polyethylene sheeting was placed under the straw, and the front of 

the s tall was elevated slight�. 

DuriDg second s tage labour the partition was 

moved to widen the stall ani allow the ewe more freedom of move-

ment. As each ewe lambed she was replaced by another, thus the 

animals lfere only alone for a short while during changeover. 

This was an important consideration as it vas found that most of 

the ewes became highly agitated when left alone in the stalls . 

IV.�.2. Surgery 

Amniotic pressures w re measured using open 

ended vinyl cathetere (Appendix V) surgically implanted in the 

amniotic oa.vi ty. The distal end of the 1 20 om long catheter was 

perforated for a distance of appl;"orlmately 7 cm to prevent blockage 

and a collar of larger diameter vieyl tube vas heat welded on to it 

to retain it in the uterus (Fig IV (i) ) .  AbdoiD1nal pressures 

were measured using a rubber balloon attached to a oatheter of 

similar length and size to the amniotic catheter (Fig IV (i ) ) .  
The balloons , which were obtain d from outfed endotracheal tubes , 

were coated with silicone rubber (Silooset 1 51 - I .C .I . ) to reduce 

tissue reaction and the risk ot abdom1 na] adhesions and were tested 

for linearity of response to exteriJal pressures usillg a sealed 

/ 

/ 
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4hsmber and water manometers. The balloon eatheter was filled 

befote Slll'gery with a dilute air tree solu t:lon of detergent by 

inserting a thin pulyeteylene catheter throogh the length of the 

catheter into the balloon. The proximal end was then sealed. by a 

stainless s teel probe fashioned from a Steinman orthopaedic pin 

(Appendix VI )  see Fig IV (i) , which was designed to thread the 

catheter under the skin, 

Ana sthesia wa i.ni tially induced by an intra­

venous inj otion of pentobarbitone sodium (Nembutal-Abbot ) but this 

drug was found to cause prolonged re pirator,y depression which was 

consid red to be responsible tor the deaths of two shee� at th� end 

of urgecy. For this reason a JDixture of 1 80 mg of alphualone 

and 60 mg of alphadalone acetate (Saffan - Glaxo ) was subsequ ntly 

used with good results . Following induction, the ewes were 

intubated with a 1 2  mm cutfed. endotracheal tube and connect d to an 

anaesthetic machine (Appendix VII ) operating as a s mi-closed system 

and suppl.yiDg a mixture of halothane (Fluothane - I .C .I . )  and oxygen. 

The left flank was prepared for surgery over an area extending from 

the last rib to the quadriceps muscles . After draping the site 

an incision 1 0 cm in length was mad$· equidistant from the last rib 

and the quadric ps tlllls les and 1 0 - 1 5  below the lateral 

processes of the lumbar vertebra The abdomen was entered and 
the pregtla.nt uterus located. By palpation. the foetal lamb was 

identified and a fore or hind limb was partly exposed by ger.tle 

traction, to be h ld by an assistant. A purse string suture of 

2/0 linen was now plac d in the uterine wall and in the centre of 

this a 5 mm 1ncis1cn was made to expose the wo()l of the to tal 

lamb . When this stage had been reached. the exposed part ot the 

pregnant horn was draped with moistened towels while the catheterG 

were prepared for insertion. 

Both balloon and open ended catheters w re 

rinsed in sterile saline to remove all the traces of the � 
ohlorhe:ddine in which they had been soaking for 24 )tours • . 

SaUne was 1nje ted into the open end d oathet r to expel all air 

and a stainl sa ,tee 1 probe was fitted to the proximal &lld. The 

distal perforated end ot this catheter was then inserte<l into the 

amn!otic cavity making sure that all th air bubbles were displaced 

by the amniotic fluid as it rose 1n the oath ter to meet the 
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column of saline, When in plaoe, all air was expelled from the 

amniotio oav1 ty by exerting pressure on the pregnant horn and the 

ptrae string suture was tightened. proximal to the c llar of the 

catheter. A turther stay suture was placed about 8 cm from the 

ptrae · string suture to secure the catheter to the s erosal surface of 

the uteru • Using the attached linen sutur mat r1al the balloon 

was then seour d to the a rosal surra of the uterus and , as with 

the amniotic catheter, a turther s tay suture was employed to fix the 

fr catheter to the uterus , Both catheters were then led through 

the abdominal wall at the dorsal end of the incision where they were 

coil d until the skin incision had b en closed. 

The periton� and inner muscle layers were 

closed w1 th horizontal mattress sutures of No . 2 monofilament 1\Vlon 

then the fascia and external muscle layers ere closed with a 

continuous suture of No. 2 chromic catgut. Finally the skin was 

closed with a contimlous blanket suture of encapsulated braided 

eylon {medium Supramid - Weissner) . At the completion of surgery 

the catheters were threaded aubau.tanecusl.y to the dorsal midline 

where they were fastened to the fleece with tape . 

Propeylaotic antibiotic cover was provided for 

four days rl th intra-muscular inj ections of 875 i .u .  procaine 

benzyl pellicillin and 0.875 g streptomycin (Streptopen - Glaxo) or 

with 500 mg ampicillin (Penbri tin - Beecham) , administered 1 2  hourly 

for the first two days and 24 h011rl3 tor the following two days . 

At the cess tion of recording, after �turition, 

the vinyl catheters were cut with a blade and tied off. A turther 

A lap�otomy was then performed to remov them from the sheep. 

paramedian incision in the left flank provided access to the 

involuting uterus , enab ling  th securing sutures to be removed and 

the catheters withdrawn. 

IV.3.,. Experimental procedure 

The arrangement of the electronic recording 

equipment is illustrated di�tically in Fig IV (ii ) . Use 

was made of existing landJ,ne at the D .S .I .R. laborator,y linking 

animal experimentation rooms with the central recording laboratory. 

This meant that the animal room, which in this study was situated 
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1 00 metres from the recording laboratory, was not cluttered wi th 

sensitive recording equipnent and, in addition, frequent checks 

could be made without disturbing · the sheep. This latter feature 

was particularly advantageous in view of the effects which have been 

attributed by other authors (liaaktgeboren and Stegeman, 1 968 ;  Dufty, 

1 972) to interference mar parturition in both cattle and sheep . 

Changes in intra-uterine pressures ware detected 

by strain gauge type pressure transducers while pressure changes in 

the intr�abdaminal balloon were measured using differential trans­

former type transducers operating in simple (non-differential ) mode , 

with one aide open to the atmosphere . (Technical detai ls are 

described in Appendix VIII . )  

Analogue signals from the animal room were 

relayed to a four channel recorder in the recording centre by the 

landline. A quartz crystal cloak and binary code generator 

connected to the marker of this recorder and to a portable recorder 

i n  the ani mal room provided a time signal in hours and mim tea , and 

s erved to synchronise the recordings . 

When the sheep had. been transferred to the 

animal room the catheters , s ti ll s ealed by the probes , were uncoiled . 

and prepared for connection to the transducers . Particular care 

was taken to prevent bacterial contamination of the amniotic fluid. 

To stop fluid flowing baak into the amniotic cavity the tube was 

clamped, a section adjacent to the probe swabbed with tincture of 

chlorhexidene and cut through with a sterile scalpel b lade , and the 

out end pushed onto the shaft of a blunt 1 4  gauge hypodermic needle 

attached to the saline filled transducer head. The balloon 

catheter was simply attached to the needle adaptor on the trans-

ducer after the probe had been cut off. Resting pressure was 

adjus ted by overfilling the balloon with saline and allowing the 

excess to flow out with the transducer held at the level of the 

sheep' s baok. Precautions wel'e taken to ensure that all air was 

eliminated from both hydraulic systems . 

At the commencement of recording the trans­

ducers were balanced and the gain of the pro-amplifier connected 

to the intra-uterine transducer was set to �ve a full scale 

deflection of 25 mm Jrg Quantitative records fran the intra-

abdominal balloon were only required during second stage labour, 



thus the calibration ot these transducers was checked after each 

sheep bad lambed .. In the period of recording before labour the 

intra-uteriue and intra-abdominal pressure records were electronic­

ally 4amped to el'\mjnate as much as possible the extraneous pressure 

changes assooia ted w1 th body movement (see Appendix VIII ) .  

Damping was removed during parturition since the pressures developed 

by the uterus at this time dominated those caused by bodY movement.. 

Throughout the study the cont:it:ru.ous recol'd. of 

intra.-u�erine pressure changes was cheQked at least every 6 - 8 

hours tor the first s1gn of labour aotiv.Lty. Onee it was 

established that labour had started, the aotiri. ty was monitored 

1ntermi ttently and then continuously from the reoording oentre 

until the beginning of second stage labour. During second eta� 

labour the ewes were observed by the author. great oa.re being taken 

to disturb the ewes as little as possible. For example, at night 

minimal lighting was used for the observations . Except for two 

ewes, all were left for at least two hours in s econd stage labour 

before the progress ot parturition was checked by vaginal 

examination. The two exceptions were the first ewe to lamb (see 

below IV.4. ) and the ewe that developed uterine inertia. In the 

maj ority o:f' oases the ewes were then left for a further two to three 

hours to ascertain whether further progress could be made . vlhen 

it was obvious that spontaneous parturition could not occrur however 

(e . g. breech birth ) or when no further progress had been made after 

two or three hrurs , the ewe was assisted to lamb .  

IV.3 .4. Analysis o:f' records 

Ini ttal stu.dies showed that the m�st reliable 

way to id.en tity pre-.pa.rtwn activity was from the ocaurrenae of 

s�l taneous pressure increasee recorded by the intra-uterine 

cathCJ�r and the in�a-abdondnal balloon . Presumabl.1 this 

e»eaurred beoause lOCalised uterine activity atfeQted. the anchor 

sutures securing the intra-abdominal balloon to the uterine wall. 

By examining the u terlne and abdominal traces for common aoti Vi ty 

it was possible to recognise some aoti ve periods of low a.mpli tude 

which otherwise would have been overlooked, particularly when the 

sheep were standing and movement artifacts obscured. the fine 
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details of the trace . 

Although recordings were made continuously, pre­

partum activi ty was only measured over a 21 hour period from 1 800 

hours on one day to 1 500 hours on the next. This 21 hour 

examining period allowed for three hours in which the sheep pens 

could be cleaned and maintenance carried out on the equipment. 

Pre-partwm activi ty was measured by the number 

of periods of uterine activity and the cumulated sum of the 

amplitudes of the individual pressure changes for the 21 hour 

period. The method of measuring the ampli tude ' a' of a typical 

pressure change is shown in Plate I V. 2.  

A problem encountered in some sheep was the 

occurrence during an active period of pressures below the resting 

level. In this event ' a' was regarded as zero . However, in 

the maj ori ty of sheep this type of change occurred sporadi cally 

and when it was observed frequently, or when activity could not be 

measured precisely for any other reason, that parti cu lar 21 hour 

period was omitted. from the results . A note was made for each 

ewe of all the active periods in which uterine tone fell mQre than 
2 . 5  mm Hg below the baseline and the number of these was recorded 

for each 24 hour interval during the pre-partum period. 

Becaus e the form of uterine pressure waves 

recorded in first s tage labour was often irregular, uni ts such as 

the Montevideo unit1 
appeared unsui table for describing labour 

activi ty in the sheep. Activity was therefore mea�red as the 

area under the pressure waves during a 25 minute period every hour. 

The pressure waves were traced onto heavy tracing paper ,  cut out 

and weighed on an electronic balance. Uterine activity was then 
2 

expressed as mm per 25 minu tea. As the paper �s hygroscopic 

the weight of a standard area was checked daily to allow correction 

tor the changes in the density of the paper with changing humidity. 

A problem wi th  this method was encountered in some ewes in whioh 

first stage labour activi ty was superimpos ed on tone changes 

similar to those of pregnancy. In such oases tone changes were 

included in the estimate of u ter:l.ne aoti vi ty. 

No attempt was made to quanti ta te u terine 

pressures during second stage labour, firstly, because of the 

1 
Appendix I 
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diffictllty in measuring them in the face of almost continuous 

abdominal presses , and , s econdly. because of the inaccuracies 

inherent in measuring pressures in a nou-pascalian1 systeE .  An 
es timate of the work done by the aecescory bearing down movements 
was mude by measuring the height of the abdominal pressure changes 

recorded by the abdominal balloons and summin� these over f'i vo minute 
intervals for a period of' half an hour from the beginning of second 

stage labour. £·1easurements were e:A.1Jres sed in mm Hg per 5 minutes . 

Results 

A tota.l of 23 ei'tes lTere operated on in the 

course of the s tuo.y, of 1hich 1 8  provided us-eable records . Two 
ewes died at the conclusion of surgery, apparently as a result of 

hypoxia, one aborted a dead lamb five days after surgery, another 

lambed unobserved and unassisted sev�en days before term, and one 

timid evre l�fused to eat or drink and. eventually had to be 
destroyed• 

A summary of the t� of b irth, disposi tion of 

the lamb and histor-.r of the 1 8  ew�s in the experiment is given in 

Table IV (ii ) , while in Table IV (iii ) are given birth weights of 

lambs and gestation lengths of ewes . Each ewe was radiographed 
according to the procedure outlined in the next chapter (see V.3 . 1 . ) 
to measure its pelvic dimensions : these data are also gi van in 

Table IV (iii ) . �lve ewes that had previously not required 

assistance experienced difficulty at bi rth under the experimental 

conditions . There was a signi ficant diffe re�ce in birth weight 
of lambs between ewes that gave birth to normally disposed and ewes 

that gave birth to mald.isposed lambs (:p ( 0. 01 ) and also between ewes 

that experienc ed dystocia (group B )2 and eutocia (group A) (p (0.05 ) .  

The ratio o� pelvic area to lamb weight at bi:rth :for the group of 

1 Appendix I 

2 Etre 62R excluded from group B because of' the unusual 
nature of the dystocia 
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TABLE IV (ii ) : TYPE OF BIRTH AND HISTORY OF EWES IN THE STUDY 

Age of 
ldenti .. Type of Disposition ewe History 
f'icat!on birth ot lamb (years) of ewe 

66R Unassi sted Normal 6 Assi sted three ......... 
times before Qi ..... t> 84W Unassis ted Normal 4 Assisted once 0 � before 51 72R Assis ted Normal 6 Not assis ted --

� prematurely before 

p.. 82Y Unassis ted Normal 6 Not assis ted 
5 before 
Ji 

64R Unassisted Normal 6 Not assis ted C!) 
before 

73W Unassisted Normal 5 Not assisted 
before 

� 96Y Assisted Bilateral shoulder 6 Assisted three 
flexion times before 

69Y Assisted Bilateral shoulder 5 Assisted twice ! flexion, one elbow before 
extended, one flexed 

l 
74R Assisted Unilateral shoulder 6 Not assisted 

flexion before 

56Y Assis ted Breech birth 3 Assisted once 

......... before 
Qi 

73R Assis ted Unilateral shoulder 6 Not assisted ori 
8 flexion before � 

$ 74Y Assisted Bilateral shou lder 5 Assisted three 
........... flexion times before 

52R Assis ted Pos terior present- 6 Not assisted 
P=l ation extended before 
f.'l. posture � 80W Assis ted Breech birth 4 Assisted once C!) 

before 

89Y Assis ted Bilateral elbow 4 Assisted once 
flexion. dorso-sacro before 
oblique position 

75R Assis ted Bilateral elbow 6 Not assi sted 
f'lexion before 

( 34Y * Unassis ted Bilateral shoulder 4 Assisted once 
flexion before 

62R** Assisted Normal disposition 6 Not assisted 
(uterine before 

inert�a) 
* As signed to Group B because lamb died during birth 

** This ewe is considered separately ip analyses relating to dystocia 
b ecause ot the umsual nature of' the dys tocia and thus is not 
included in Group B 
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TABLE IV (iii ) : LAMB BIRTH WEIGHT , GESTATION LENGTH , PELVIC AREA AND 

THE RATIO OF PELVIC AREA TO LAMB BIRTH WEIGHT IN 

Disposition 
of lamb 

Normal 

disposition 

Ma�­

disposi tion 

( 

Mean 

n 
S D 

Mean 

n 

S D 

RELATI ON TO DISPOSITION OF THE LAMB AT BIRTH 

Ewe 
No. 

66R 

84W 

72R 

62R 

75R 
69Y 
96Y 
56Y 
52R 
74Y 
89Y 

BOW 

73R 
34Y 

( 74R 

tamb1 
weight 
(kg) 

5 . 22 
4.53 

4.76 
4. 99 
4 .53 

3.4 
4.83 
7 
o.s9 

5 . 44 
5 . 9  
6 . 1 2  
5 . 67 
5 . 44  

6. 58 
5 . 22 
5 .22 
6 , 1 2 
5 . 9  
6,8 

5 .86 
1 1  
0. 52 

1 47 1 0,302 

1 47 
1 47 

1 46 
1 48  
1 44 * 

142 
1 46 .2  

6 
2 . 1 4  

1 48  

1 46 
1 49 
1 44  

1 49 
1 48  

1 48  

1 48  
1 51 
1 45 
150 

1 47.8 
1 1  
2 ,09 

9, 220 
9,849 

9 . 579 
1 0, 591 
8 , 006 

9.538 
9. 595 

7 
81 4 

9, 264 
9, 1 91 
7 ,667 
9,350 

1 0,735 
8,31 1 
9,363 
9 ,657 
9,1 1 8  
9,000 

9.790 
9,230 

1 1  

Pelvic area 
Lamb weight 

1 , 622 

1 ,766 
2 , 1 74 

2 , 01 2  
2 . 1 22 
1 , 699 

2.805 
2 , 029 

7 
403 

1 , 703 
1 558 
1 , 523 
1 , 649 
1 , t;J73 
1 , 263 
1 ,794 
1 ,850 
1 , 490 
1 , 539 
1 .44Q 
1 , 592 

1 1  
230 

Difference in mean birth weight between normally and maldisposed 
lambs t = 3. 1 2 , p(0,01 
Difference between ewes giving birth to nomally and maldisposed 
lambs in respect to mean gestation length t = 1 . 5 ,  p)0.05 

mean pelvic area t = 0, 95 ,  p)0 , 05 
mean ratio pelvic area to 
birth weight t = 2 . 95 ,  p<0 .01 

Difference in mean birth weight of lambs between group A and 

group B t = 2.70, p(0,05 
* This ewe was induced to lamb prematurely, see text 
1 Lamb weight immediately after birth 

Correlation between birth weight and gestation length = 0. 4, p(0 . 1 



ewes that gave birth to normally disposed lambs differed significantly 
from that of ewes that gave birth to maldisposed lambs (p ( 0.01 ) ,  
although this is probably largely a reflection of  the significant 
difference in birth weight of lambs between the groups . 

Because it was not known how well the ewes would 
tolerate being confined in the stalls during parturition,  the first 
ewe to lamb was observed continuously throughout labour: probably as 
a result of being frequently disturbed she appeared to have an 
unusual ly long first stage labour and was eventually assisted before 
the commencement of second stage labour. The lamb with nose and 
forefeet presented at the partly dilated cervix was readily 
delivered by manually dilating the cervix. Because this animal 
would almost certainly have lambed normally had assistance not been 
given, it  was assigned retrospectively to the group of ewes that 
lambed normally (group A) . 

One ewe, 7'3W, was induced to lamb prematurely in 

the holding stalls so that records could be obtained from three ewes 
which were due to lamb on the same day. Delivery occurred on the 
1 44th day of  gestation , 44 hours after a single intra-muscular 
injection of Dexamethasone (Dectane-Hoechst) . 

IV.4. 1 .  Pre-partum activity 

Pressure changes attributable to activity of the 
myometrium and lasting between five and ten minutes were seen to 
occur at regul<�r intervals throughout the period of recording during 
the final two weeks of gestation. The frequency of these active 
periods ranged from once every half hour (sheep 52R) to once every 
two hours ( sheep 96Y) and exhibited no diurnal rhythm. Similar 
activity was observed as early as day 1 09 of pregnancy during pre­
liminary recordings and was shown then to be abolished by 
administration of a myometrial relaxant (Isoxsuprine «nuphaspasmin -
Phillips Duphar) ) 46 mg given intra-muscularly) . At about two 
weeks prior to term the active periods in the majority of sheep were 
characterised by a gradual increase in uterine pressure above the 
resting level to a peak which, in some individuals , reached 1 0 mm Hg, 

followed by an equally gradual decline to the former resting level 
(Plate IV.2. ) ;  and pressure waves of variable amplitude supel"-
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imposed on the changes in baseline. The frequency of active 

periods and the summed amplitude of the pressure changes for the 21 

hour examination periods are shown in Figs. IV (iii ) , (iv) , (v) , 

(vi) ,  (vii ) for the indiVidual ewes. Sheep 73W was omitted from 

this analysis because of the poor quality of the pressure recordings 

obtained from it.  No significant difference in mean amplitude of 

activity was found between the ewes giving birth to normally disposed 

lambs as compared with those giving birth to maldisposed lambs 

(Table IV (iv) ) . 

TABLE IV (iv) : PRE-PARTUM UTERINE ACTIVITY AND DISPOSITION 
OF THE LAMB 

Dis:eosition of the lamb 

Normal Abnormal 

Mean pre-{:rtwm uterine 
activity mm Hg / 21 hours ) 76 . 1 75 .6  

Number of  ewes 5 1 1  
S D 42 .9 31 . 5  

t = 0.02,  p > 0.05 

Mean pre-partum activity was also not related to mean uterine 

activity during the final three hours of first stage labour 

(r = 0 .• 1 ,  p > 0.05 ) . 

As parturition approached, in a number of sheep , 

the pre:!-::ure waves superimposed on the tonal changes increased in 
ampli tu.de to become a dominant feature of the records (Plate IV.3. ) .  

In other individuals however, such a change was not apparent. In 

some of the sheep exhibiting enhanced pressure waves , the change 
evolved progressively into first stage of labour, but in others first 

stage labour appeared independently of the active periods. A 

feature of the pre-partum activity in a number of ewes was the 

occurrence of active periods in which uterine pressures fell below 

the resting level , sometimes by as much as 8 mm Hg for all or part 

of the period. This type of activity is illustrated in Plates IV. 

4 ,  5 and 6 and its occurrence for individual sheep is shown in Table 

IV (v) . Again there did not appear to be any relationship between 
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TABLE IV (v ) :  ACTIVE PERIODS IN \vmCH UTERINE TONE FELL MORE THAN 2 . 5  mm Hg BELOW THE RESTING PRESSURE 

Da� before bir th 

Sheep No . 1 3  1 2 1 1  1 0  9 8 7 6 5 4 3 2 1 Total 

62R 

p.. 72R 4 8 4 6 7 7 7 43 .... 

i r 66R - - - - - - - - 1 - 1 

6 2 2 4 5 5 7 6 2 39 � 1-' 82Y 
.... 

64R 1 4 9 1 2  1 4  8 48 0 - - - - - - -
ts 

84W 

(}) \J'I 

96Y - - - - - - - - - 2 3 5 

75R - - - - - - - - - - - 3 1 4 

69Y - - - - - - 1 - 1 

f 74R 1 1 3 5 2 2 - - 5 1 1  2 2 6 40 1-' p. 
56Y 1 1 2 1 5 .... - - - - ·-

m 't:l 
34Y 9 9 0 - - - - - - - - - - - -

m � 52R 
0 

73R 1 1 � - - - - - - - - - - - -

74Y - - - - - - 2 5 5 4 6 22 

89! - - - 3 5 8 4 5 2 29 

801¥ - - - - - - - - - - - 1 1 2 



Plate IV. 3 .  

Plate IV. 4. 

Plate IV. 5.  

Active period in sheep 82Y 2 days before labour. 
Baseline shift caused by change in hydrostatic 
level of uterus with respect to transducer as 
sheep stood up . Time signal in minutes . 
Each large division corresponds to 2 . 5mm Hg. 

Decrease in resting pressure during an active 
period in sheep 64R 1 day before labour. Ini tial 
baseline shi ft caused by the sheep standing up . 
Time signal in minutes . 
Each large division corresponds to 2 . 5mm Hg. 

Decrease in resting pressure for part of an 
active period in sheep 64R 1 day before labour. 
Time signal in mim.t tee . 
Each large division corresponds to 2 . 5mm Hg. 
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Plate IV.6 .  

Plate IV. 7 .  

Plate IV.8 . 

Decrease in resting pressure during an active 
period in sheep 64R 1 day before labour. 
Time signal in minu tea •. 
Each large division corresponds to 2 . 5mm Hg. 

Onset of first stage labour in sheep 57R. 
Baseline shifts caused by changes in the 
posi tion of the sheep (see Plate IV.3 . ) . 
Time signal in minutes . 
Each large divisi on corresponds to 2 .5mm Hg. 

Onset of first stage labour in sheep 82Y 
1 8  hours 30 minutes before delivery. 
Time signal in minutes. 
Each large division corresponds to 2. 5mm Hg. 
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this type of activity and the disposition of the lambs at birth, 

IV.412. First stage labour 

As with the considerable variation observed in 

pre-partum activity of ewes in this study so also was there 

considerable variation in the form of onset of first stage labour, 

In ewe 96Y pre-par� active periods during the day preceding 

labour were infrequent and of low amplitude, and the onset of 

labour was heralded by small random pressure waves similar to 

those illustrated in Plate IV. 1 6 .  In other ewes , for example 

57R, first stage labour ' evolved' from the a ctive periods (Plate 

IV,7, ) and in this particular case the advent of labour was so 

atypical that it wa not recognised and the ewe lambed unobserved 

less than eight hours after the record bad 'been checked. More 

often the onset of labour assumed a form intermediate between 

these two extremes ,  Random low amplitude pressure waves were 

sometimes seen more than a day in advance of labour, while in 

other individuals this activity was only observed within 1 2  hours 

of birth, The development of labour is illustrated in Plates 

IV. (8 - 18 )  for sheep 82Y and 64R. In general the pressure 

chan8es in first stage labour were of the order of 1 0 mm Hg 
although pressures of 20 mm Hg were recorded from sheep 34Y. 

Uterine activity for each sheep, estimated by 

measuring the area under the pressure: tracing, is shown in Figs. 

IV (viii ) ,  (ix) , (x) , (xi ) ,  (xii ) . Mean uterine activity 

during the final three hours of first stage labour was 

signific�tly correlated with birth weight of the lambs 

(r = 0 .58 ,  p ( O,QS ) ,  Also ewes that gave birth to normally 

disposed lambs had significantly lower mean uterine activity over 

the final three hours of first s tage labour than did ewes that 

gave birth to maldisposed lambs (Table IV ( vll� 
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Plate IV. 9. First stage labour in sheep 82Y 8 hours 30 
minutes before delivery. 
Time signal in minu tea . 
Eaoh large division corresponds to 5mm Hg. 

Plate IV . 1 0 .  Fi rs t  s tage lab ou r  in sheep 82Y 6 hours before 
delivery. 
Time signal in minutes . 
Eaoh large division corresponds to 5m:n Hg. 

Plate IV. 1 1 . Firs t stage labour in sheep 82Y 5 hours 30 
minu tea before delivery • 
Time signal in minutes . 
Each large division corresponds to 5mm Hg. 
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Plate I V . 1 2 . First stage lab ou r  in sheep 82Y 2 hou rs 
before delivery. 
Time signal in minu tea . 
Each large division corresponds to 5mm Hg. 

Plate I V. 1 3 . Second s tage labour in sheep 82Y. Abdominal 
pressure . 

Plate I V. 1 4 . 

Trace speed 7 . 5mm per minute.  
Each large division corresponds to 1 1 . 5mm Hg. 

Active period in sheep 64R 2 days before 
labour. 
Time signal in mim tes . 
Each large division corresponds to 2 . 5mm Hg. 
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Plate I V, 1 5 . Active period in sheep 64R 2 days before 
labour. Initial baseline shift caused by 
sheep changing position. 
Time signal in miw tes . 
Each large division corresponds to 2 . 5mm Hg. 

Plate I V. 1 6 .  Onset of first stage labour in sheep 64R 1 0  
hours before delivery. 
Time signal in miw tes . 
Each large division corresponds to 2 . 5mm Bg. 

Plate I V. 1 7 . First s tage labour in sheep 64R 6 hours 30 
minu tee befo re delivery. 
Time signal in minu tee . 
Each large division corresponds to 2 . 5mm Hg. 
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Plate IV.1 8 . 

.. 

First s tage labour in sheep 64R 30 minu tea 
before second stage lab ou r ,  50 minutes 
before delivery. 
Time signal in minutes • 
Each large division corresponds to 5mm Hg. 
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TABLE IV ( vf) : FIRST STAGE LABOUR ACTIVITY AND TYPE 

OF BIRTH 

Mean uterine activity during 
final three hours of first 
stage labour 

(mm2/25 minutes) 

Number of ewes 

S D 

Group A 
(eutocia ) 

573.0  
6 

1 41 . 2 

t = 2 . 28 , p < 0.05 

Group B 
(dystocia) 

786. 3  

1 1  

202.9  

The weak labour activity observed in ewe 62R 

may have been related to the nervousness of this particular ewe , 

which did not settle down well in the stalls . The animal showed 

signs of uterine inertia and was therefore given an intra­

muscular injection of 40 units of posterior pituitary extract 

(Crookes ) following which the ewe delivered a live lamb with no 

further difficulty. 

Second stage labour 

During second stage labour uterine pressures 

became more regular and of greater amplitude than in the first 

stage , reaching a maximum pressure of 35 - 40 mm Hg in some 

individuals . Augmenting this uterine pressure were the power-

ful bearing down efforts of the dam which appeared to play a 

major  part in the delivery of the lamb . Bearing down produced 

intra-abdominal pressures in general twice as great as uterine 

pressures, reaching peaks of 90 mm Hg on occasions ; Figs IV 

(xiii) ,  (xiv) , (xv) show total effort measured during the first 

half hour of second stage labour. Unfortunately the chart 

speed of the recorder was too slow to allow confident resolution 

of the trains of fast abdominal contractions occurring in some 

ewes and the reaul ts of only 1 1  animals are shown in the figures. 

Ewes giving birth to lambs in posterior presentation produced 
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some of the lowest bearing down pressures and appeared to lack the 

stimulus for full involvement of the abdominal muscles in second 

stage labour ( see records for 56Y, SOW and 52R in Fig. IV (xiii ) ) . 
When i t  was necessary to assist with the delivery 

of lambs , s terile obstetric lubricant was introduced into the vagina 

and following repositioning of the foe tal limbs delivery was achieved 

by simple traction in all cases . 

l.L..i· Discussion 

The occurrence of alternate periods of 

myometrial activ1 ty and quiescence, unique amongst the species 

studied up to that time , was first reported in the ewe by J.lurdiok 

( 1 964) in a study of the electrical activity of the pregnant 

sheep' s uterus. He calculated the mean duration of active 

periods to be six minutes , with intervening quiescent periods 

ranging from five to twenty-seven minutes. However, he was 

unable to detect intra-uterine pressure changes which could be 

correlated wi th electrical acUvi ty of the myometrium until seven 

days before parturition in one ewe and three days before parturition 

in another two. Murdick ( 1 964) gave little attention to the pre­

partum pressure changes ; their ampli tude was reported to range 

from 6 - 30 mm Hg, considerably higher than those found here. 

However, the present results do agree with those of Murdiok ( 1 964 ) 
in that no general change in the frequency o f  the active periods 

was apparent during the two weeks up unti l  the beginning of first 

stage labour. As well ,  the mean ampli tude of the tone changes 

remained fairly constant in most sheep, wi th the exception of 52R, 

in which a progressive reduction in both frequency and amplitude 

of activi ty was recorded (Fig. IV (iii ) ) . 

Pre-partum pressure changes simi lar to those 

recorded here have been described by both Ward ( 1 968) cited by 

Hindaon and Tllrner ( 1 969)  and Hindson and Ward ( 1 973). They 

were observed to last between five and ten minu tee and occurred 

w1 th some regularity at intervals of about 30 minutes. The 

amplitudes of two representative pressure changes illus trated 



from the work of Ward ( 1 968 ) of seven and eight mm Hg are wi thin the 

range recorded in the present study. 

Pre-partum uterine activity resulting in pressures 

falling below the baseline has not been previously reported in sheep. 

I t  i s  possible that this activity represents a change in the posi tion 

of the uterus in the abdomen, similar to that described in cattle by 

Russe ( 1 965 ) and which was considered by him to influence foetal 

posi tion in utero. He determined that when uterine tone decreased, 

the uterus sank deeper in the abdomen to occupy a more ventral 

position ,  thus allowing the foetus to extend and alter i ts posi tion ; 

and , conversely, when uterine tone increased , the uterus was drawn 

closer to the pelvis and became more spherical in form, restricting 

movements of the foetus . Evidence has been provided by Gillette 

and Holm (1 963 ) in cattle,  suggesting that the longer duration lower 

amplitude pressure waves observed in the days preceding labour in 

that species , are brought about by the activity of the longi tudinal 

uterine muscle. The higher amplitude short duration waves were 

attributed to localised activity of the circular muscle. If a 

eimilar si tuation exists in sheep , then the periodic pre-partum 

rises in uterine baseline pressure would represent increases in the 

tone of the longi tudinal muscl e and the fluctuations of pressure 

associated wi th these would represent activity of the circular 

muscle . Separate contributions from the two muscle layers would 

also explain the observation that during the active periods in which 

uterine baseline pressure fell ,  superimposed pressure waves similar 

to those recorded in other active periods were still present (Plates 

IV. 4,  5 and 6 ) , Such behaviour could be caused by specific 

relaxation of the longitudinal mus cle. As in cattle , relaxation 

of the longitudinal mu scle could resu lt in a chan in position of 

the uterus in the abdomen , but whether in fact it did was not 

determined. No evidence was obtained that would indicate that 

pre-partum activity plays a maj or role in determining foetal 

positioning at birth in sheep. 

A positive relationship between birth weight of 

the lamb and the occurrence of foetal maldisposi tions has previously 

been reported by Naaktgeboren et al. ( 1 971 ) .  They observed that 

foetal maldispoeitions in singles , twins and triplets were more 

common when the birth weight of the lambs exceeded five kilograms 



than when it was less than thi s weight .  They considered that 

deviations of posture are produced during parturition when a 

normally disposed lamb experiences difficulty entering the pelvic 

inlet , owing to a disparity in size between i tself and the pelvis . 

As successive attempts are made to force the foetus into the pelvic 

inlet the fo relegs or the head are retained, thus alloWing the 

presenting part to enter the pel vie inlet but often pre�n ting 

further progress. The finding of a signifi cant differe�ce in the 

ratio of estimated pelvic area of the ewe to bi rth wei ght of the 

lamb , between ewes bearing nor.mally disposed and maldispos�d lamb s , 

in thi s  study, while consi stent •d th the hypo thesis of Naaktgeboren 

et al. ( 1 971 ) , does not necessarily support it� The important 

factor, so far not determined, is the stage at which lambs become 

maldi sposed , be it b efore labour, during labour, or both. Only 

when this is known is the observed relationship between birth 

weight and disposi tion of the lamb likely to be explained. 

It is probable that the relatively hi gh bi rth 

weight of lambs born in this study was due to the high level of 

nutri ti on of the ewes (see II .2 .4) and that thi s contribu ted to the 

high incidence of maldisposi ti ons observed here as compared with 

the incidences reported by Wal lace ( 1 949) ,  Naaktgeboren and 

Stegeman ( 1 968 )  and Naakt geboren et al . ( 1 971 ) . 

Posterior presentations occurred in three of 

the eighteen ewes in this study representing an incidence of 1 7%. 

This contrasts wi th the incidence of :3 .6% ( 1 0/275 ) recorded by 

Wallace (1 949 ) in Romneys and wi th the incidences of 2.5% ( 5/1 96 )  

and C1% (0/97) reported by Naaktgebo ren et al. ( 1 971 ) for Texel and 

Rea th ewes respectively, although the difference could simply be a 

random chance occurrence. Reimers et §l. ( 1 97:3 ) have observed 

a marked increase .in the proportion of foetuses presented 

anteriorly in sheep at around 1 20 days of gestation. The authors 

suggested as a possible explanation for the change i n  orientation 

at this time, a change in the centre of gravity of the foetus , 

whi ch produces version wi thin the fluid filled amnion (Reimers � 
,al.. , 1 97:3) .  I t  would seem likely that a change in the orient­

ation of the foetus at this late s tage in gestation would be 

facilitated by movements of the dam, which, under the experimental 

conditions , are likely to have been le s than those of sheep on 
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pasture. It is therefore feasible that the restrictions imposed by 
the stalls , together with the ready access to food in the pens 
influenced the inoidence of posterior presentations by reducing 
maternal activity. Certainly if foetal weight influenced dis-
position of the lamb at birth it appeared to have little effect on 
presentation per se, as birth weights of the three posteriorly 
presented lambs were not excessive compared with others in the group. 

The influence of gestation length on birth lteight 
which is suggested in the present study (Table IV (iii )) has also been 
observed by Thrift and Dutt ( 1 972 ) ,  who reported a regression of gest­
ation length on birth weight of single lambs of 0.35 (p (  0.01 ) . 

Uterine activity during labour closely resembled 
that recorded in the control ewes of Hindson et al• ( 1 965 , 1 968 a) 
8.lld that recorded by Ward ( 1 966) , and Ward ( 1 968) cited by Hindson 
and Turner ( 1 969) and Hindson and Ward ( 1 973 ) .  In the studies of 
Hindson et §:).. ( 1 965 , 1 968 a) uterine activity was quantitated by 
recording the amplitude, frequency and duration of six consecutive 
waves every hour. Direct comparison with the uterine activity as 
quantitated in the present study is therefore not possible . 
However, the range of pressure obtained by Hindson et al . ( 1 965 , 

1 968 a ) of 1 0 - 28 mm Hg and that reported by Ward ( 1 966 ) of 20 - 45 

mm Hg both agree well with the 1 0 - 40 mm Hg frund here. On the 
other hand it is difficult to reconcile these several observations 
w1 th those of Murd.ick ( 1 964 ) who reported uterine pressures in 
excess of 1 00  mm Hg in two aut of three sheep. Some of the 
differences in uterine activity between ewes may reflect differences 
in circulating hormone levels . 

In two recent papers Rawlings and Ward ( 1 972,  

1 973 )  have related uterine activity in late pregnancy and 
parturition in the ewe with the levels of progesterone and total 
free oestrogens in maternal and foetal blood. These authors have 
shown that the onset of parturient uterine contractility is preceded 
by a rapid increase in maternal peripheral oestrogens and is 
significantly correlated with it  in magnitu� (r = 0.42,  p (0.05) • 

They also demonstrated a significant negative correlation bett'l'een 
maternal plasma progesterone and uterine oontraetili ty (r = 0.39, 

p < 0. 05 ) .  On the basis of the temporal association betl·rean the 
rise in total free oestrogens and uterine contractili ty, Rawlings 

MASSEY U HVERSITY 
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and Ward ( 1 972 , 1 973)  have suggested that oestrogens c ou ld be a 

s timulus to parturient uterine contractions . 

The finding of a significant positive correlation 

between b irth weight of the lamb and mean uterine activity during the 

final three hours of first s tage labour is similar to the situation 

described in cattle by Gillette and Holm ( 1 963 ) ,  Uterine activity 

in their study appeared to be related to ' foetal resistance' which 

they defined as a fUnction of foetal diameter divided by the diameter 

of the b irth canal . In the present s tudy the significant difference 

in mean uterine activity between groups of ewes giving birth to 

normally and maldispos ed lambs is coDSider�d to be simply a 

reflection of the difference in birth weight between the groups and 

no t  associated with maldisposi tion pe · s�, Certainly previous 

s tudies (Hindson e t  al,. , 1 96�, 1 968  a ) ha.ve not revealed a difference 

in partl.1.rient u terine activity betlreen ewes giving b irth to normally 

dispo s ed and maldisposed lambs . 

During second s tage lab wr pressures created by 

the beariDg down movements of the ewe appeared to play a major role 

in the delivery of the lamb . As previously reported by Hindson .2i 
�' ( 1 965, 1 968 a ) . and Ward ( 1 966 ) ,  these pressures were in general 

twice the amplitude of the uterine pressures created by myometrial 

act:i.vi ty and coincided with the peak of the uterine pressure waves . 

Mu.rdiok ( 1 964) recorded mean pressure changes caused by bearing down 

movements of 48 mm E'g and 96 mm Hg during the final 30 mim tea of 

s econd stage labour in two sheep. AJ3 in the case of the uterine 

pressures reported by this author these pressures are considered to 

be abnormally high. 

Hindson et al. ( 1 965 ) obs erved tha t the expulsion 

of the lamb appeared to be accomplished largely by abdominal 

muscular contractions and straining movements . The results of the 

present study support this view . Uterine activity was responsible 

for initiating bearing down movements which began as the uterine 

pressure rose. The superimposed bearing down pressure was often 

so intenee that it completely obscured the uterine pressure wave . 

I t  is probab le that bearing down movements are triggered by the 

stimulation of nervous raceptors situated in, or associated with, 

the cervix or vagina or both, as the foetus is forced into the 

pelvis by the initial increase in uterine pressure. Support for 



1 01 

this hypothesis is given by the finding that in those ewes in which 

the foetus was prevented. :from entering the pelvis , abdominal s training 

was desultory and of low amplitude. Tlms in two ewes , SOW and 56Y, 

whose foetuses vere presented posteriorly with double flexion of the 

hip, bearing down effort was lower than that recorded from the o ther 

ewes in the study, and no progress was made during labour (Fig. IV 

(xiti) ) .  Another ewe , 52R, whose foetus was presented pos teriorly 

in extended pos ture, also exhibited relatively weak s training during 

second stage labour which, again, was thought to be related to the 

laok of sufficient s timulation of the cervical or vaginal nervous 

receptors by the hind limbs of the foetus . This ewe was given 40 

units of posterior pituitary extract (Crookes ) ani quickly delivered 

the hindquarters of the lamb , although as si s tanoe had to be given to 

complete delivery after the costal arch became lodged at the pelvic 

The effect of the pituitary extrac� appeared to be to 

increase intra-uterine pressure to a level sufficient to fo.rce the 

hindquarters of the lamb into the pelVi s ,  thus stinulating strong 

and frequent abdominal contractions lthioh were mainly responsible 

for the rapid progress made. A similar association between ' weak 
and poorly defined straining efforts' and posterior presentation of 

the foetus has been reported by JAlfty { 1 973)  in cattle. 

Both Bindson et al. ( 1 965 ) and Hindson and Ward 

{ 1 973 ) have reported an increase in uterine activity during second 

s tage labour similar to that found here . This increased amplitude 

and regularity of pressure waves during second s tage lab our probably 

coincides with the appearance of co-ordinated uterine activity. 

Ruckebusoh ( 1 971 ) has shown that, up until approximately one hour 

before the appearance of the foetal membranes , ute:rine activ:lty is 

unco-ordinated , electrical activity travelling both anteriorly and 

pos teriorly in the myometrium, but during the final s tages of labour 

these waves of excitation become oo-ordinatod and travel in a 

cephalo-caudal direction. The reasons for this change are not 

known . I t  ie possib le that the high levels of pros taglandin 

F 2ot which appear particular� during second and third s tage labour 

in sheep (w.B . Currie - personal comt.111nioation) may play a part , 

since the pressure waves recoJ.-ded after delivery have been observed 

to be quite regular, I t  is also possible "(lb.at oxytocin or looal 

nervous pathways cou ld be involvod. An improvement in the 



1 02 

eo-ordination of uterine contractions in women has. been reported by 

C aldeyro-baroia and Poseiro ( 1 959) followi ng the infusion of oxytocin 

in the appropriate doses . 

!!&· C onclusion 

The main conclusion from these tocometric studies 

is that laCk of expulsive forces was not a major cause of dystocia. 

Low uterine pressures almost certainly accounted for the laCk of 

progress in one ewe with u-terine inerti a ,  while in another, bearing 

down effort was desultory, probably as a result of the type of foetal 

maldispos:i tion, a.nd labour was eventually terminated by � intei'­

vention. However, the most common immediate cause of dystocia was a 

disproportion between the maldisposed foetus and the maternal pelv:ls .­

The disparity in size imped� progress directly by creating a high 

physi cal resistance to the ·passage of the lamb and, in two oases 

indirectly, by preventing the foetus from stimulating nervous receptors 

thought necessary for the involvement of the abdominal muscles in second 

s tage labour. 

Uterine activi ty during the final two weeks of 

gestati on is found to be unrelated to the occurrence of foetal 

maldisposi tion at parturi tion. Whi l e  the cause of foetal maldieposi tions 

was no t determined , the results suggest that lamb bi rth wei ght per se 

or the relationship between lamb birth wei ght and the area of the pelvic 

inlet is important in influencing the di sposition of the lamb at birth, 

in particular, the posture of those presenting anteriorly. 
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A COl�ARATIVE PELVIMETRIC STUDY OF EWES 
WITH msTORIJ!.S OF EUTOCIA AND DYSTOCIA 

Introducti on 

Pelvimetry s tudies in sheep have previou!tly b een 

based on post slaughter measurements and as a result the number of 

ewes involved, with one exception, has b een small. This study was 

undertaken with the twofold aim of developing a method that would 

enable pelvic measurements to be taken from the live ewe , and of 

employing it to investigate the relati onship of pelvic dimensions to 

dys tocia in a large number of ewes from different sources . 

Literature Review 

V,2,11 . Introduc tion 

Sin0e mos t  pelvic s"�dies have involved non­

parturient animals it is necessary to relate these meam1.rements to 

those of the parturient animal if they are to proviO.e an ea tima te of 

the size of the pel vie canal at the time of lambing .  Thus the 

anatomy of the pelvic canal in the ewe and the physiological changes 

which are known to occur at parturition are reviewed as a basis for 

the ��bsequent di scussion of pelvimetry in sheep and cattle. 

V. 2 . 2 .  The anatomy of the pelvic canal in the ewe 

and physiological changes which occur during 

pregnancy and parturition. 

A number of s tructures determine the si ze of 

the pelvic canal in the ewe .  These inclu de the pelvic girdle,  

sacro-sciatic ligaments , and s2cro-iliac joints together with the 

iscluococcygeus and perineal muscles and their related fascia 

(Bassett , 1 965 ) . The inlet to the pelvic canal is demarcated by 
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the well deflned ahafte of the ilia., the sa.Cl'Wil and the pubic bones , 

which are connected ventrally by the ischiopubic symphysis and 

dorsally by the saoro-1liac joints to foxm an apparently rigid 

structure. In the ewe th ischio:Plbio symphysis is composed of a 

plate of hyaline cartilage which in older animals may become 

completely fused (Basset � 1 965 ) and which probably prevents 

significant separation of the two halves of the pelvis during 

parturitiQJl. Radiographic s tudies have failed to show any increas 

.in the separation ot the pubic bones in the ewe during pregnancy 

(Bassptt am PhilUps , 1 955a) although this has been observed in the 

mou&e and the gu1nea pig (Hisaw and Zarrot1, 1 950) .  Whethe:J.> 

signi.fieant sepBJ."ation ocaurs during pa.rtu.rition has not been 

reported. However, radiographs taken during labour in women, in 

which the symphysis is canposed of fibro-cartilage, indicate that 

lateral movement does ocour. but is onl.y of the order of a few 
millimetres (Borell and Fernstrom, 1 967) . 

An irlorease in the width of the sacro-iliac 

jotnts of the order of 1 -3 mm has b een observed in some ewes during 

the later stages of pregnancy (Basaett and Phillipa , 1 955a ) but 

whether this relaxation permits separation of the bones during 

parturi tiou is questionable. In the human, radiographic studies 

revealed a wideniDg of the joints by a few mi llimetres which di�d not 

affect the transverse diameters of the pelvic inlet (Borell and 

Fernstrom_ 1 967) • Thus it is probable that little change occurs 

in the dimensions of the pelvic inlet in the sheep during 

parturition. HoveV$r, radiographic evidence of partial luxation 

of the sacro-iliac j oints in some ewes in the present study that had 

exp rienoed dystocia, suggests that under certain condi tions an 

increase in the transverse diameter of the inlet may be achieved by 

excessive abduction of the sacro-iliac joints 

The pelvic canal posterior to the pelvic inlet 
is bounded ventrally by the ischium aXld. the pubis , laterally by the 

sacro-iliac ligamenta and dorsa� by the s�crum end coooygeal 

vertebrae. The outlet itself is r;nc�Ol.UldeG. by the ischioooccygeus 

end perin 1 muscles .-ri th their related fascia . During pregnancy 

physiological changes oCCUl" that enable the capacity of the pelvio 

oanal to be greatly increased at pa.rturi tion, tlms faoili tating the 

passage of the lamb Al. though, as previously described , only a 

small increase is demonstrable in the separation of the ilium and 
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the sacrum during pregnancy, a progressive relaxation of the sacro­

iliac joint does occur, making possible increased rotational movement 

of the ilia about the sacrum (Bassett and Phillips , 1 955a ) .  In 
non-pregnant ewes , and ewes in the first two months of pregnancy, 

only a small amount of rotational movement can be produced at this 

junction by the application of tension on the sacrum. However, 

from the third month of gestation a progressive increase is 

observed, reaching a peak in the post partum period (Bassett and 

Phi llips , 1 955a ) .  Flexion of the sacro-iliac joints by the action 

of the abdominal muscles ,  the action of the psoas minor muscle or by 

postural changes involving the flexor muscles of the hind limb , 

increases the capacity of the pelvic outlet by increasing its 

sagittal diameter. A similar increase in the range of movements 

of the sacro-iliac j oints wi th concomitant changes in the sagittal 

diameter of the pelvic outlet has been described in women (Borell 

and Fernstrom, 1 967) .  Probably because of this vari ation in the 

mobility of the sacro-iliac joints , both between individuals and 

with physiological state (Bassett and Phillips , 1 955a , b ) ,  measure­

ments of  the pelvic outlet have seldom been included in reports of 

pelvic dimensions in ewes. 

To accommodate the increased mobility of the 

sacro-iliac joints a number of other structures undergo changes 

during pregnancy. The sacro-sciatic ligament increases in length 

such that even when the sacrum is raised to its fullest extent the 

ligament remains slack (Bassett and Phillipa , 1 955a ) .  In addition 

the ischiococcygeus, biceps femoris and perineal muscles increase in 
weight, and chan s occur in their fascia and tendons of origl.n. 

The degree of movement of  the sacro-coccygeal 

joint varies considerably in the sheep (Bassett, 1 955)  and may also 

be of obstetric si.gnifioance . For example, a significantly lower 

incidence of partial or complete fusion of this joint has been 

observed in ewes with a history of vaginal prolapse as compared with 

ewes that have not experienced this condition (Bassett, 1 955 ) .  

Nevertheless there i s  no documented evidence to su g  a t  that the 

anatomy of this joint is related to the occurrence of dystocia. 

It is likely that the changes observed in many 

tissues of the pelyis during pregnancy are mediated by endo nous 

hormones (Bassett,  1 963) .  In support of this,  relaxation of the 
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sacro-iliac joints similar to that observed in ewes in late 

pregnancy has been induced in spayed ewes by treatment with diethyl 

s tilboestrol (Bassett and Phillips , 1 954J Bassett, 1 963 ) .  

V,2,3. Pelvimetry in the ewe 

Methodology 

Although efforts have b een made to predict 

i nternal pelvic dimensions from external pelvic and other body 

measurements in live ewes these have met with only limited success , 

with the result that all pelvic studies reported to date have been 

based on dissected preparations , 

V, 2 .3 , 2 .  The effect of age o n  pelvic dimensi ons o f  sheep 

The pelvis has been shown to increase in weight 

relatively rapidly after birth ( Hamm.ond, 1 932 ; Wallace , 1 948 ;  
Palsson and Verges , 1 952 ) and pelvic measurements in Romney ewes 

suggest that growth is sustained until at least three years of age . 

The estimated pelvic area of three year old ewes in Bassett' s study 

(Bassett; 1 955 )  was significantly lees than that of mature ewes 

( five years and older) while that of the four year o ld ewes was 

found no t  to differ. A change in pel vie shape with age was also 

reported by this author, the inlet becoming rounder and the external 

shape becoming broader, but these differences are not statistically 

significant. 

The effect of breed of ewe on pelvic dimensions 

Despite the large within breed variation that 

exis ts in pelvic dimensions (Bassett , 1 955 ; Quinlivan, 1 971 ; 
Fogarty and Thompson, 1 974 ) several authors have demonstrated 

significant between breed differences . Quinlivan ( 1 971 ) compared 

the pelvic dimensi ons of B order Leices ter, Perendale and Romney ewes 

in a prelimjnary s tudy of dystocia in sheep, The Romney ewes 

comprised six animals that had not previously required assistance at 

birth and five tha t had required repeated assistanc e ,  while the ewes 
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of the other two breeds had never experienced. dystocia. 

Significant differences in conjugate diameter were established 

between the assis ted Romney ewes and Border Leicester ewes , the 

assisted Romney ewes and unassisted Romney ewes , and also between 

unassisted Romney ewes and Perendale ewes . Since 68% of the 

variability in estimated area of the pelvic inlet was attributable 

to the conjugate diameter it is not unexpected that significant 

differences in area of the pelvic inlet were also established 

between the assisted and unassis ted Romney ewes and between the 

unassisted Ramney ewes and Perendale ewes , Transverse diameter 

of the pe lvic inlet was not significantly related to breed of ewe 

neither was the width between the lateral and medial tuberosities of 

the ischium nor the width between the two acetabula. 

This study emphasises the need for caution when 

extrapolating from results obtained in small groups of ewes , to 

breeds , since differences between the means of the different 

parameters for the two Romney grcmps were , on a number of occasions , 

greater than the between breed differences . The finding that the 

dimensions of the pel vie inlet in assisted Ramney ewes was not 

significantly different from those of the Perendale ewes (a breed 

reputedly free from dystocia) is probably a reflection of the 

smaller body size of the Perendale ewes underlinirlg the need for 

pelvic dimensions to be related to either size of the ewe or lamb 

for meaniDgt'ul interpretation. In their present f'om the between 

group differences in Quinlivan' s study could simply be attributed 

to differences in body weight, since pelvic area has b een shown to 

b e  correlated with body weight in sheep (Fogarty and Thompson, 1 974) .  
Naaktgeboren et. al . ( 1 971 ) compared the pe lvic 

dimensions of Heath and Texel sheep, two breeds which differ 

considerably in size and in the incidence of obstetric difficulties . 

The Texel ewes , being almos t twice the weight of the Heath ewes . had 

signifioantly greater conjugate and transverse diameters of the 

pelvic inlet ,  although the difference in pelvic inlet area between 

groups vas effectively reduced by the presence in this �egion of 

prominent muscle groups and fat in the Texel eves ., When the 

dimensions of the pelvis were related to the body weight of the eve 

and the birth weight of the lamb however, it was c lear that the 

pelvis of the Heath ewe was relatively the larger. The mean 
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. 2 
estimated area of the pelvi c inlet in the Texel ewes wae 1 0, 500 mm 

which was 22% larger than that of the Heath ewes , whi le the mean 

birth weight of the Texel lambs (4. 5 kg) was 67% greater than that 

of the Heath Lambs (Between breed differences in birthweight were 

apparently related to changes in girth rather than body length of 

the lambs in this study) . 

More recent ly Fogarty and 'l'hompson ( 1 974 ) have 

demonstrated differences in a number of pelvic measurements between 

Dorset Horn and Border Leicester ewes (Table V (ia ) ) . This 

compari son is , however, based on measurements taken from only six 

Border Leicester ewes selected in an unde fined manner from a 

Border Leicester flock. 

TABLE V (ia ) : DIFFERENC ES  IN PELVIC DIMENSIONS BETWEEN 
DORSET HORN AND BORDER LEIC ESTER EWES 

P�lnc meaaurem�t 
Breed n LIT TC-LIT CD TD Pelvic CDxTD 

1 
(am) (cm) (cm) (cm) (� (cm2) 

Dorset Horn 29 1 3. 9 1 7.8 1 0. 6  9.26 80.7 98.6 
Border 
Leicester 6 1 5.0  1 9. 2  1 2 .4  9. 1 5  97. 6  1 1 3 .3 
Significance ** ** ** NS ** ** 

CD/TD 

1 , 1 5  

1 . 36 
** 

LIT 

TC-LIT 

Distance between the lateral tuberosities of the ischium 

Distance between the tuber coxae and the lateral 
tuberoei ty of the ischium 

CD 

TD 
CDxTD 

C D/TD 

** 

NS 
1 

Conjugate diameter 

Transverse diameter 

Estimate of pel vie inlet area 

Estimate of pel vie shape 

p < 0.01 
Not si gnificant p > 0.05 
Pelvic inlet area measured by planimeter 

Despite the lighter mean body weight o f  the 

Border Leicester ewes their mean pelvic area was greater than that 

of the Dorset Horn ewes . Conjugate diameter was more variable 

than transverse diameter l'd thin the Dorset Horn ewes and, in contrast 

to transverse diameter, differed between the two breeds or · ewes . 
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The apparent difference between the reports of Quinli van ( 1 971 ) and 
Fogarty and 'l'hompson ( 1 974) and that of Naaktgeboren et al. ( 1 971 ) , 

in which it was shown that significant differences with respect to 
both transverse diameter and conjugate diameter existed between 
breeds , is probably explained by the greater disparity in body weight 
between ewes of the Heath and Texel breeds. 

V.2,,.4. The relationship between external and internal 
measurements of the dissected pelvis 

In her study of the pel vie dimensions of Ramney 
ewes Bassett (1 955) demonstrated correlations between the width 
between the tubera coxarum and the transverse diameter of the 
pelvic inlet, the distance from the iliac crest to the posterior 
promontory of the ischium and the oonjuga te diameter of the pel vie 
inlet, and between estimates of internal and external pelvic shape. 
She concluded from her study however, that although in some cases 
there was a reasonably high degree of relationship between internal 
and external dimensions of the pelvis , it was not possible to :f'orm 
an accurate estimate of internal structure from external measure-
ments . A finding of particular significance, in view of the 
potential use of these measurements for selection, was that quite 
large differences in correlation coefficients for some character­
istics were observed between age groups . 

A significant relationship between the distance 
separating the posterior promontories of the isohium .and the 
estimated area of the pelvic inlet was reported by Quinlivan ( 1 971 ) 
in his mixed group of Romney, Border Leicester and Perendale ewes . 
Unfortunately he caloulated the Cot"I'6lation by combi.nUlg these 
ani.mala into one heterogeneous group rather than . �ploy1,ng a Z 
transformation (Soka.l and Rohlf, 1 969) to combine the� correlations 
trom the individual groups . For this �ason the ��timate . obtained 
may be quite inaooura te and should be regarded w1 th oau1;ion. It 
is notewo� that this relationship has not been su.bs���t� 
either by Fogarty and Thompeon ( 1 974) or by the , authq;r {�,� Ta�le 
V (V) ) .  

It is surprising that Quinli van ( 1 971 ) has 

suggested that external pelvic dimensions cculd provid,e . .an aQoU1�� 
means of estimating internal pelvic dimensions . Ce�nly �e 

' \ 



1 1 0 

correlation between the distance separating the posterior 

promontories ot the ischium and the area of the pelvic inlet 

estimated by Quinl.ivan, al. though significant, would appear to be 

too low to be of practical use in selection, even if the measure­

ment could be made accurately in the live ewe. 

Foguty and Thompson ( 1 974 )  working with 

Dorset Horns showed that the transverse diameter of the pelvic 

inlet was related to the distance between the tubera coxarum. the 

distance between the lateral ischial tuberosities, and the distance 

between the tuber coxae and the lateral ischial tuberosity. The 

conjugate diameter of' the pelvic inlet was correlated with the 

distance between the tuber coxae and the lateral ischial tuberosity. 

Pelvic area wa.s correlated with the distance between the tubera 

coxal"Wll and the distance between the lateral ischial tuberosity and 

the tuber coxae. These results are in general agreement with 

those of Baasett ( 1 955 ) .  The degree of correlation between these 

measurements was such that Fogarty and Thompson ( 1 97 4) also 

concluded that external measurements of the pelvis would be of 

little practical use in predicting internal pelvic dimensions. 

The relationship between measurements of the 

pelvis in the live ewe, and internal pelvic 

dimensions 

Bassett ( 1 955 ) stated that several of the 

external pelvic measurements obtained from the dissected pelves 

could be accurately defined in the live ewe, although she neither 

recorded these measurements nor compared them statistically with 

those obtained from dissected pelve • Fogarty and Thampson ( 1 974 ) 

on the other hand , measured the distance between the tubera ooxarum 

and the distance between the posterior promontories of the ischium 

in live Dorset Horn ewes and found both measurements to be 

signitioantly correlated with the t�veree diameter of the pelvic 

inlet.. Their relatiomhip to o�ugate diameter and pelvic area 

was small and was considered by these authors to be of little 

predictive value. 
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The relationship between internal pelvic 

dimensions and other body measurements 

Efforts to relate internal pelvic dimensions 

to a tiUlllber ot other body measurements have been made by both 

Quinlivan ( 1 971 ) and Fogarty and Thompson ( 1 974) .  Quinl.ivan 
( 1 971 )  tias unable to demonstrate significant correlations between 

either lEmgth of the radius or length and diameter of the meta­

carpus and internal dimensions of the pelvic inlet in his 

investigations although the results , for reasons stated earlier 

(V.2 .3.4 . ) ,  must be regarded with reservation. 

Fogarty and Thompson ( 1 974) in their study, 

which involved 29 Dorset Horn ewes , measured length, weight and 

circumference of the dissected metacarpus and demons trated 

significant relationships tor all three parameters between pelvic 

area and conjugate diameter as well as between metacarpal circum­

ference and weight and the transverse diameter of the pelvic inlet . 

Carcass length was found to be correlated with pelvic area, 

conjugate diameter and transverse diameter, while estimated fat 

free carcass weight was found to be related to transverse diameter 

and pelvic area. 

A number of measurements taken from live ewes 

were also found. to be related to internal pelvic dimensions . 

These included forelimb length and body length both of which were 

related to pelVic area, conjugate diameter and transverse diameter 

ot the inlet, and forelimb circumference , head width and head 

depth- which were correlated with tre.Daverse diameter ot the inlet. 

On the basis of the oorrelat1on coefficients none of these 

measurements· .provided, in their viati, sufficiently accu.rate 

estim,atJ · of pelvic area to be of practical use in selection. 

Pelvic dimensions and. dystocia 

The relationship between pelvic dimensions 

and dystocia was f'irs t examined in an individual breed by 

Quinllvan ( 1 971 ) . In a preliminary observation he reported 

significant differences in both estimated pelvic area and 

conjugate diameter between Romney ewes with histories of eutocia 
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and dystooia A similar result has reeently been obtained by 

Fogarty and Thompson (1 974 )  in Dorset Horn ewes . They found that 

wes that had experienced dystocia at more than 65% of their 

lambings had significantly smaller pelvic areas and conjugate 

diameters than the remai n1 ne e-..res . When the group was 

considered as a whole, the relationship between incidence of 

dystocia and pelvic area in individual ewes approached significance 

(r = ...0.34, p .(.0.00).  

A comparison of the pelvic dimensions of ewes 

of the Heath and Texel breeds carried out by Naaktgeboren et al. 

( 1 971 )  and referred to in section (V .2.3.3. ) lends further support 

to the findings of Quinli van ( 1 971 ) and Fogarty and Thompson ( 1 97 4)  • 
These authors concluded that the high incidence of dystocia 

recorded 1u the Texel eves compared with that in the Heath ewes . 

vas attributable to inadequate p lvic size and high lamb birth 

weights . 

V.2.4. Pelvimetry in eatt�e 

V.2.4.1 . Methodology 

In cattle, in contrast to sheep. teohniques 

have been developed which enable pelvic dimensions to be measured 

in the live animal,. 

An early report by Wiltbank and Le Fever ( 1 961 ) 
' 

first described a rectal pelvimetry method usillg a eliding calliper. 

The calliper was extended between the shafts of the ilia and between 

the saCZ'Wll and the pubis to estimate the horizontal and vertical 

diameters respectively. To obtain the reading the extended 

calliper had to be removed from the rectum. A similar method 

has been used by Young ( 1 968b , 1 970 ) ,  Bellows et al. ( 1 971 a , b )  

and Laster ( 1 974) . 

In 1 972 Rice and Wil tbank reported on the use 

ot a hinged calliper for internal pelvimetr.y in cattle. This 

instrument was also inserted into the rectum but had the advantage 

that the pelvic dimensions could be read directly from a graduated 

scale which remained outside . 

employed by Dutty ( 1 972 ) .  

This technique has also been 
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Attempts by the author to adapt this latter 
method for use in sheep suggest that the rectum in this species 

will not dilate sufficiently to allow its use. 

V.2.4,2 The effect of' age on pelvic dimensions 

Bellows et al. ( 1 971 a, b ) have demonstrated 

differences in pelvic width, height and area between two and three 
year old heifers suggesting that pelvic growth oeoure after two 
years of' age. The growth of the pelvis subsequent to three 
years of age ha8 not been reported. 

Because of the low variability in pelvic area. 
observed in heifers at breeding at one year of' age ,  and the 
relative importance of oalf birth weight to dystocia , it has been 

found impracticable to use pelvic area measurements at this age to 
predict dystocia in hoifera (Rice and Wiltbank, 1 972 ) .  

The effect of breed on pelvic dimensions 

Differences 1n the shape of the pelvic inlet 
have been reported between Angus and Hereford. heifers (Bellows ,it1 
.§.!. , 1 971 a) . The vertical height of the inlet in Angus heifers 

was significantly greater and the horizontal diameter significantly 

less than the corresponding dimensions in Hereforda. Pel vie area 
did not differ significantly between breeds . These between breed 

differonoea in pelvic shape may not be typical however, since 

significant negative correlations between body weight of the dam 
• 

and dystoOia score were recorded in the Angus but not in the 

Hereford cattle, suggesting that the body weight of the Aneus 
cattle riJEJ;y have been below optimUm for calviDg, This is 

supported by the findings of a recent study (Laster, 1 974 ) in which 

it was shown that the pelvic area of Angus heifers exceeded that of 

the Herefords, In thi latter investigation an examination of 
the influenc ot genotype on estimated pelvio area in crossbred 

heifers revealed an etfeot of breed of sire in both yearling and 

two year old cattle and an effeot of breed of dam in the yearlings . 
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The relationship between internal and �ternal 

pelvic measurements 

Probab ly as a l'&SUl t of the relative ease Vi th 

which internal pelvic dimensions can be measured in cattle few 

authors have investigated the l'elationship between interna.l and 

external pelvic measurements . Bellows et al. ( 1 971 b ) measured 

width between the tubera ooxarum and the distance from the tuber 

saorale of the ilium to the posterior promontory of the ischium in 

live antmals and demonstrated a relationship with pelvic area. 

This relationship was however relatively small and, together with 

body weight, accounted for only 36% ot the variation in pelvic 

area. 

Pelvic dimensions and dystocia 

This has already been considered in section 

V.2,5. Summary 

Although several authors have reported a 

relationship between internal pelvic dimensions and dystocia in 

sheep , it appears unlikely that selection against this condition 

could be achieved by the use of external pelvic or other body 

measurements , because of the relatively low correlation between 

these measurements and internal pelvic size. Both absolute and 

relative differences in pelvic dimensions have been demollStrated 

between breeds of sheep . 

In cattle , intel'M.l pelvic measurements have 
been obtained by rectal methods . However• their use in 

selecting agains t  dystocia appears restricted to animals calving 

at three years of age or later, owing to the low variabill ty of 

pelvic measurements in younger animals. 
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Materials and Methods 

V,3,1 , Radiographic pelvimetr,v 

V,3,1 . 1 , l1ethod 

There are two common means of obtaining actual 

measurements of objects using radiography. The first is to reduce 

the inherent magnification of the X-ray beam to an acceptably 1011 

level by using a large target-film distanoe ( teleradiography) . 

The second is to estimate the degree of magnification produc0d and 

reduce the image size accordingly. The radiographic technique 

developed for this study incorporated both of these methods and 
involved the use of lateral and ventro-doraal radiographs of the 

pelvis . For technica l  details see Appendix IV. 

A target-fi lm distance of 1 .829 m was used 

routinely in this study which reduced the magnification of the 
pelvic diameters in most sheep to less than a%. Clearly however, 

this error could not be disregarded and measurements tal:en from both 
ventro-dorsal and lateral films were corrected for magnification. 

Estimates of the magnification of the pelvic 

diameters on the lateral radiograph were based on a modification of 

the method of Colcher and Sueeman ( 1 944) . Thus instead of a 

radio-opaque ruler, a calibrated aluminium bar (Plate 'v. 5. ) was 

placed at the level of interost to provide an estimate of the 

magnification of the pelvic diameters in that plane, Colcher' s 

and SUssman' s method was not sui table for estimating the magni­

fication on the ventro-dorsal radiograph since the diameters of 

interest in the ewes , unlike those in women, were at different 

distances from the filmt furthermore, the location of their axes 

was difficult to determine in the live animal . Magnification at 

these different planes was therefore calculated by es timating their 

distance from the film using the lateral radiograph and employing 

the theorem of similar triangles tl'nls : 

Obj ect magnification == Target-fi lm distance 

Target-film 
distance 

Object-film 
distance 
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By first reducing the magnification of the :X,..ray 

beam the correction factors became less cri tical. Thi s was of 

importance since the magnification of the different diameters on the 

ventro-dorsal radi ograph cou ld not be determined preci sely in all 

cases. 

V.3.1 ,?, Procedure 

None of the ewes radiographed was more than 

three months pregnant thus ensu ring that relaxation of the pelvic 

tis sues was minimal ( see V, ?,? ) .  I t  was found necessary to shear 

the ewes before radiography as the fleece , particularly when wet or 

damp, increased X-ray scatter and obscured the fine detai ls of the 

pelvi c outline . 

Food and water were wi thheld for approximately 

1 8  hours prior to the pro cedure to reduce the risk of regurgi tation 

during anaesthesia. The ewes were anaes thetised using an intra­

venous inj ection of pentobarbitone sodium (Nembutal-Abbo t ) given 

slowly into the jugular vein, When good muscular relaxation had 

been achieved the needle was removed and the ewe was placed on a 

cassette holder in preparation for radiography. The anaesthe tic 

provided adequate muscular relaxation for about 1 o-1 5 minutes which 

was generally long enough to obtain satisfactory radiographs even 

when the exposures had to be repeated. 

With the aid of a pair of wooden supports 

(Plate V, 6 , )  placed at the level of the thorax i t  was possible to 

posi ti on the ewes in a true ventro-dorsal plane. The X-ray beam 

was centred on the anterior brim of the pelvis. Care had to be 

taken to ensure that the beam was centred on the grid since the only 

grid available was focused for a target-film distance of one metre 

and serious cut-oft of the image occurred in the peripheral areas 

when greater target-fi lm distances were employed , as in thi s study, 

For the lateral exposure the sheep were rolled 

onto thei r left side . Sandbags were used to raise the thorax and 
were placed below and between the hind legs to support the hind­

quarters in a lateral position . The X-ray beam was c entred on the 

greater trochanter o f  the femur. At times considerable difficulty 

was experienced in achieving a true lateral position and repeated 
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exposures were required. An automatic processor made it possible 

to check radiographs and repeat when necessary before the animal 

had recover&d from the anaesthetic. Manual palpation of the 
dorsal borders of the iliac crests sometimes assisted in assessing 

the accuracy of the positioning but was not always reliable. A 

graduated aluminium. bar, supported at each end by a retort stand 

and clamp, waa placed against and parallel to the spine of the ewes 

in the lateral radiograph. This was used for calculating magni-
fication factors and. was also used for estimating obj ect-film 

distances for the various diameters on the ventro-dorsal radio-

graph. For this reaaon the distance bettieen the posterior 

promontories of the ischium and the bar was checked to ensure that 

it approximated the distance between the promontories and the 

cassette on the ventro-dorsal exposure. 

v,,,1 .3. 1 . 

Analysis of films 

Pelvic diameters measured from radiographs 

(see Plates V. 1 .  & 2 . ) 
( 1 )  The conjugate diameter (CD ) was measured 

from the sacral promontory to a point 

5 mm below the anterior crest of the 

symphys is pubis as i t  descends to form 

the anterior process.  This point was 

ohosen since th anterior process of the 

symphysis pubis varied greatly between 

individuals , was difficult to d monstra te 

radiographically, and ,  in IllEUlY oases , the 

two points were equidistant from the 

sacral promontory. 

(2) The pelvic outlet (Outlet) was estimated 

by measuring the distance between the 

highest point of the symphysis pubis 

and the posterio1· edge of the last fused 

sacral verteb ra .  

(3)  The transve�e diameter (TD) o f  the 

inlet we..s the greatest distance between 

the two shafts of the ilia. 
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(4 )  The interacetabular diameter (AC ) was the 

dis tance between the medial aspects of the 

acetabula on a line passing through the 

centres of the femoral heads . 

( 5 )  The dis tance between the tubera coxarum 

( TC )  • 

( 6 )  The dis tance between the lateral ischial 

tuberosi ties (LIT ) . 

(7) The dis tance between the posterior pro­

montories of the i schium (PPI ) . 

Calculations 

Measurements were made using a pair of dividers 

and a transparent mm ruler wi th the radiograph placed on a 

horizontal fluorescent screen. Actual dimensions were obtained 

from the lateral radiograph by reducing the image measurement by the 

magnification of the calibrated bar whi ch was placed at the same 

plane (mid-sagittal ) . 

Actual p elvic 
dimens i on (mid­
sagittal plane ) 

_ Image 
-

measurement 

Actual distance between 
x graduations on bar 

Apparent distance between 
graduations on ba.r 

The dis tance from the bar of each of the diameters 

on the ventro-dorsa.l radi ograph was measured from the lateral 

radi ograph ( Fig. V( i ) ) and c orrected for magnificati on as above , to 

estimate the di s tance of each from the top of the cassette holder at 

the time of the ventro-dorsal exposure. To these fi gu res was added 

the di s tance from the top of the cassette holder to the film, giving 

an estimate of each object-film di stance , 

Obj ect-film 
dis tance :;:: 

!Apparent 

Obj ect-bar x 

distance 

Actual distance between 
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C ali.b ::�a t ed 
ba.r 

X- ray s ou rce 

lateral 

fi lm 

Lateral ra ii ograph 
( diagrammatic )  

1 .  Po s t eri o r  promon to ry 
of i s chium 

2 .  La teral i s cr�al 
tub eros i ty 

3 .  Ac etabu l ar diameter 
4. Transvers e di ameter 
5 .  Tub e r  c oxrue 

Fig .  V! (i ) : Schemati c repres enta ti on of metho d  of d e termi ning 
dis tances of p lanes of i nteres t from the · cas s e t te , 
fo r calcu lation o f  magni f i cation fa c to rs . 
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Each measurement on the ventre-dorsal radiograph was then corrected 

by the theorem of similar triangles to obtain tl� actual dimension: 

Actual distance 

V.3. 2 .  

= Imag 
measurement 

Animals 

X 
Target-object distance 

Target-film dis tanoe 

A pilot s tudy was conducted on 1 1  Romney ewes 

to assess the accuracy of the technique. These ewes were radio-

graphed and their pelvic dimensions calculated and compared with 

measurements taken from the dissected carcass after slaughter, 

using internal and external calipers . A comparison of Romney 

ewes was then undertaken on the basis of their past lambing 

performance. 

B ecause of the difficulty in persuading Romney 

stud breeders to provide valuab le eutocous ewes for a procedure which 

was not without risk , the decision was taken at the outset of this 

part of the investigation to select the experimental animals from 

differing co-operating sources . 

Group I ewes consisted of 32 mature Romney ewes 

selected from six different Romney s tuds and was the same group from 

which ewes were drawn for the toeometry study reported in Chapter IV. 

All of these ewes had been assisted to lamb at least once and the 

group mean for the number of assisted lambings per ewe was 

calculated to be 2 .3 .  In 1 972 these ewes were observed during 

lambing on the Massey No . 2 sheep unit , 27% experienced dys tocia. 

All 1 8  s ingle lambs were weighed within 1 2  hours of birth during 

these initial observations uaing a spring balance and a sling. 

The body weights of the ewes were measured in autumn in 1 972 and 

1 973 after they had been shorn . However, because of the 

possibiUty that ewes which had not reared a lamb would be in better 

bodily oondi tion than those which bad, body weights of the former 

were ucluded from the analysis , One of the ewes is shown in Plate V.3 .  

Group II ewes consis ted o f  26 mature Romney -ewes 

selected from a commercial Romney flock, All had reared a lamb 

the previous year and none of these ewes had been assisted to lamb , 
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This history was known since all cull ewes , including those assisted 

to lamb , were identified by plastic ear tags . These ewes 

constituted a group of eutocous ewes some of which were used in the 

study described in Chapter IV. The remainder of the ewes that 

were not used fo r the tocometric study lambed on pasture on the No . 2 

sheep unit at Massey in 1 973, and of these only one was assisted by 

the shepherd. Body weights of this group were measured after 

shearing in the autumn of 1 973. Unfortunately it was not possible 

to collect birth weights of lambs from this group. However, the 

author visited the property during the spring lambing in 1 974 and 

recorded the birth weights of  a sample of 1 8  single lambs from 

mature ewes • on the assumption that such a sample would give a 

reasonable approximation of the weights of lambs likely to have 

been born to the group II ewes under the same conditions. 

To provide a further compari son, a group of 22 

mature ewes was selected at random from a closed Ramney flock, 

which, on account of the size of the property and the rugged nature 

of the country, had been unshepherded at lambing for approximately 

40 years , and was reputed to  have a low incidence of dystocia (Gpiii ) .  

It was anticipated that these ewes , which differed in many respects 

from the ' typical' Romney ewes of groups I and II , would represent 

a group of sheep running under natural selection conditions with 

respect to dystocia. In addition, 29 three year old and 20 two 

year old ewes ( GpsiV, V) were selected at random from this fleck to 

enable a study of the effect of age on pelvic dimensions . The 

seleoted ewes , after radiography in autumn, were weighed and then 

returned to the property where they were run until lambing. During 

the lambing period a mob of about 1 00, including the ewes radiographed, 

was run on :flatter country so that lambing information could be 

collected. The author visited the property during the peak of 

lambing for two days to make these observations and to emmins any 

lambs from this group that had died during the lambing period. 

Dystocia was not observed in any of the ewes nor were any of the 

dead lambs examined found to have died during birth, as assessed 

by the necropsy technique of McF.arlane ( 1 965 ) .  Birth weights of 

a sample of 1 5  single lambs were collected at the same time tising a 

spring balance and a sling. These sheep were very timid and when 

approached with the p.trpose of identifying their age marks would 

invariably turn and flee. For this reason it was not possible to 



Plate V. 1 .  

Plate V.2. 

Pelvic diameters on the lateral radiograph. 
CD - conjugate diameter, 

OUTLET - outlet diameter* 

Pelvic diameters on the ventro-dorsal 
radiograph. 
TC - distance between the tubera coxarum. 
TD - transverse diameter. 
AC - acetabular diameter, 

LIT - lateral ischial diameter. 
PPI - distance between the posterior 

promontories of the ischium. 
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Plate V.3 . 

Plate V. 4 . 

Romney s tud ewe :from group I . 

Romney ewes :from hi l l  country property. 
( Groups I II , IV and V) 
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Plate V. 5 .  

\ 

Plate V. 6 . 

Ewe being radiographed for pelvimetry. 
Lateral exposure . 

Ewe being radiographed for pelvime try. 
Ventro-dorsal exposure . 
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determine the age of each ewe from which a lamb was selected for 

weighing. · The possible inclusion in the sample of lambs from 

secundiparous ewes , is not expected to materially affect the estimate 

of mean birth weight of lambs from mature ewes as the variation in 

birth weight was relatively low ( coefficient of variation, 7.6%) . 
Ewes from groups III, IV and V are shown in Plate V.4 • 

.L,i. Results and Discussion 

V,4, 1 . Pilot trial 

V.4. 1 . 1 . Results 

A comparison of pelvic measurements obtained by 

actual measurement and. radiographic pelvimetry is shown in Table V 

( i ) ,  High correlations were demoDStrated b etween measurements 

obtained by radiography and actual measurement for conjugate and 

transverse diameters and the distance s eparating the lateral 

ischial tuberosities . The correlations between the respective 

measurements for the pelvic outlet and the distance between the 

posterior promontories of the ischium were som�rhat lower. 

V,4,1 ,2. Discussion 

Although cartilage present on the lateral 

tuberositi es and the posterior promontories of the ischium was 

trimmed l'Ti th a scalpel b lade before measurements were taken w1 th 

the calipers post slaughter, it is probable that the presence of 

some remaining cartilage has resulted in an error of measurement , 

explaining the discrepancy in the ueans obtained by the two methods . 

In particular the cartilage on the posterior promontory of the 

ischium made it difficult to accurately locate the most posterior 

point for measurement by the oalipers and this is likely to have 

resulted in the lower correlation ( r = 0.84 ) tor this parameter. 

Estimates of the outlet diameter from the 

radiographs were poorly correlated with the corresponding measure­

ments taken from the carcass after slaughter (r = 0. 68 )  and were 

considered to be of doubtful value in predicting the actual size 
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TABLE V ( i )  s COMPARISON OF PELVIC DIMENSIONS OBTAINED BY 

RADI OGRAPHIC PELVIMETRY AND ACTU.AL 

MEASUREMENT AF.rER SLAUGHTER 

P�lvic Measurement (mm) 
Sheep No, Method CD Outlet TD PPI LIT 

56 R P  1 05 80 89 60 1 29 
A M  1 04 80 89 68 1 31 

76 R P  1 04 86 89 64 1 39 
A M  1 05 80 90 65 1 41 

67 R p 98 71 93 N R  1 40 
A M  95 72 94 62 1 43 

61 R p 1 00  68 95 61 1 43 
A M  1 09 65 95 65 1 45 

75 R p 92 78 91 68 1 43 
A M  92 63 90 70 1 45 

60 R P  92 73 90 66 1 38  
A M  92 70 92 67 1 40 

58 R p 1 07 69 88 61 1 41 
A M  1 00  64 88 70 1 41 

70 R P  92 97 83 69 1 32 
A M  92 79 82 74 1 35 

57 R P  1 01 82 92 65 1 39 
A M  1 01 N R  91 68 1 41 

64 R P  1 01 80 91 70 1 37 
A M  1 05 80 92 72 1 38  

63 R P  1 1 3 75 85 76 1 45 
A M  1 1 2  63 85 79 1 46 

Mean R P  1 01 , 2 7� . 1 89,6 66 .0  1 38.7  
A M  1 01 .4  71 . 6  89.8 69.1 1 40.4  

Correlation ( r) o. f/r 0.68 0.97 0.84 0. 99 

N R  Not recorded 
CD Conjugate diameter of the pelvic inlet 
TD Transverse diameter ot the pelvic inlet 
PPI Distanoe between the posterior promontories of the ischium 
LIT Dis tance between the lateral ischial tuberosi ties 
R p Radiographic pelvimetry 
A M  Actual measurement 
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of the pelvic outlet in the non-pregnant animal. In addition 

difficulties in relating this diameter in the non-pregnant animal to 

that at parturition are created by individual variations in tusion 

of the sacral vertebrae and the mobility of the sacro-iliac joint 

(Bassett , 1 955 J Bassett and Phillips , 1 955 a) . For thes e reasons 

estimates of the outlet diameter were omitted from subsequent 

between group comparisons . 

V,4.2. 

V.4,2 . 1 . 

Between group and between age comparisons of 

pelvic measurements 

Results 

The pelvic me asurements and body weights for 

the three groups of mature ewes , to ether with analyses testing 

for differences in group means , are shown in Tables V ( ii ) and 
V ( iii ) . Of particular note is the significantly greater 

estimated area of the pelvic inlet in the group II and III ewes as 

compared with the group I ewes . In Table V (iv) mean area of the 

pel vie inlet is related to mean birth weight of lambs for each of 

the three groups . Both groups of ewes with histories of freedom 

from dystocia (groups II and III ) have larger pelvic inlet areas 

both in terms of absolute size and in relation to the mean birth 

weight of lambs sampled for each group. The correlations b etween 

the various parameters measured are shown in Table V ( v) • 

Becaus e  of cut-off of the image by the focused grid or lack of 

contrast at certain planes, some of the parameters were not 

recorded from all the radiographs , explaining the variation in 

group numbers. Similarly, body weights were not recorded for all 

of the ewes , ei ther because the ewe had not reared a lamb (see 

V. 3.2 ) , or had not been weighed.  

The mean number of fUsed sacral vertebrae did 

not appear to differ between the three groups of mature ewes , 

although it  was often dif'fiaul t to distinguish between sacral and 

coccygeal vertebrae and, in some oases , between sacral and lumbar 

vertebrae from the radiographs . A number of ewes in group I 

exhibited radiographic evidence of partial luxation of the sacro-

iliac joint . This was always unilateral and was presumed to 

have resulted from dystocia . It was not observed in the groups 



1 25 

TABLE V (ii) : MEAN PELVIC DIJ.IENSIONS AND BODY WEIGHTS OF 

GROUPS I ,  I I  AND III EWES (MATURE 

1 
Mean S D Measurement Group n 

CD (mm) I 1 00.31 7. 5 32 
II 1 03 .81 7 .0  26 

III 1 06 .68 7.0 22 

TD (mm) I 90.66 4 .4  32 
II 96 .42 3.7 26 

III 91 . 32 3.7 22 

TC (mm) I 1 '78 .00 7.8 24 
II 182 .45 7.5 22 

III 1 65 .40 8. 5  1 5  

AC (mm) I 70.72 4. 1 32 
II 7'5 .. 76 5 . 0  26 

III 69. 68  3. 1 22 

PPI (mm) I 69 .27 6.8 30 
II  66.00 7 .9  1 8  

III 62.85 5 .0  1 3 

LIT (mm) I 1 41 . 41 8.2  :32 
II 1 43 . 96 8 .3  26 

III 1 28 . 1 8  6 .8 22 

Area (mm2 � I 9, 008 726 32 
(CD x TD II 1 0 , 01 0  774 26 

III 9, 734 638 22 

Pelvic ahape I 1 . 1 1  0 . 1 32 
( CD/TD) 

Body weight 
(kg) 

1 CD 
TD 
TC 
AC 
PPI 

LIT 

II 1 . 00 0. 1 
III 1 .. 1 7  0. 1 

I 54.8 4 .6  
II 59.0 4 . 0  

III 41 . 5  4.2 

Conjugate diameter of the pelvic inlet 
Transverse diameter of the pelvic inlet 
Distance between the tubera eo� 
Distance between the acetabula 

26 
22 

1 4  
26 
21 

Distance between the posterior promontories of the 
ischium 
Distance between the lateral tuberosities of the 
ischium 

EWES ) 
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TABLE V (iii ) : SIGNIFICANCE OF DIFFERENCES IN I1EANS 

BETWEEN GROUPS I ,  II AliD III EWES 

Group I vs Group I vs 
Measurement Group II Group III 
CD 
TD 
TC 
PPI 
LIT 
AC 
TD x CD 
CD/TD 
Body weight 

N S 
*** 
N S  

* 
N S 

* 
*** 
N S 

** 

** 
N S 
*** 

�!-* 
*** 
N S 

** 
* 

*** 

CD Conjugate diameter of the pelvic inlet 
TD Transverse diameter of the pelVic inlet 
TC Die tance between the tub era comrum 

Group II vs 
Group III 

N S 
*** 
*** 

** 
*** 

** 
N S 

* 
*** 

PPI Distance between the posterior promontories of the ischium 
LIT Distance between the lateral ischial tuberosities 
AC Distance between the acetabula 
TD x CD Estimate of area of the pelvic inlet 
CD/TD Estimate of internal pelvic shape 
N S lp>0. 05l 

* p<0.05 
** p<0.01 

*** p<0.001 ) 

TABLE V ( iv) : THE RELATI ONSHIP BETWEEN PELVIC AREA AND 

BIRTH WEIGHT OF THE LAMB IN THE THREE 

GROUPS OF MATURE EWES 
Measurement Group I 

Pelvic area (mm2 ) 9,� 
( CD x TD) 

Group II 

1 0, 01 0 

Group III 

9, 734 

Mean birth weight 
of lambs in sample 
(kg) :- S D 

+ 5 . 33 - 0. 68 

Number of lambs 
in sample 

Ratio of pelVic 
area to lamb weight 
(x 20 -1 ) 

1 8  

850 

1 8  1 5  

960 1 , 022 

Mean estimated pelvic area of Group I ewes less than that of 
either Groups II or III ewes (p<O' 01 ) 
Mean lamb weight of Group III ewes less than that of Groups II 
and I ewe3 (p<0.01 ) 
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TABLE V {v) : CORRELATIONS BE:!WEEN PELVIC DIMENSIONS OF 
GROUPS 1 ,  II AND III E\'lES {MATURE EWES ) 

tvreasurement 
1 

Group CD TD CD x TD 

TC I 0.29 0.41 * 0. 52 ** 
II 0.26 0 . 59 ** 0.48 * 

III 0 . 34 0. 36 0 . 53 * 
OE 0.29 * 0. 47 *** 0. 55 *** 

PPI I 0.09 - 0. 1 2 0,01 
II 0.2 0. 50 * 0.41 

III 0.2 0.22 0.38 
CE 0. 1 4 N A  0.21 

LIT I 0.02 0.28 0.44 * 
II 0.28 0.62 *** 0. 55 ** 

III 0.65 ** 0. 09 0.70 *** 
CE N A N A  0.55 *** 

I - 0.21 0 ,41 * 
II + o . oo  0 . 54 ** 

III - 0.02 0 .29 
CE - 0 . 09 0.42 *** 

CD I - - 0. 21 0,80 *** 
II + o. oo 0.86 *** 

III - o. o2 0,81 *** 
CE - o.o9 0,82 *i<•* 

Body weight I 0, 18 o.oo 0.22 

ti A  

C E 

1 TC 
PPI 

LIT 
TD 
CD 

II - o.oo 0.61 *** O. C/7 
III 0 . 36 0. 3 0 .56 

CE 0. 1 3  N A 0.22 

(Jroups rt combined since ' r' differed between groups 
�p(0. 05 
Combined estimate of ' r' 

Distnnce between the tubera coxarum 
Distance separating the pos terior promontories of 
the ischium 
Distance separating the lateral ischial tuberosities 
Transverse diameter of the pelvic inlet 
Co$gate diameter of the pelvic inlet 

CD x TD Estimate of pelvic area 
* 

** 
*** 

lp<0 . 05 ) 
p<0 .01 ) 
p<0 . 001 ) 

** 
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II , III , IV or V ewes , 
Because the distance between the posterior 

promontories of the ischium in the hill country ewes { groups III , IV, 
V) was diffiault to measure confidently, particularly in the younger 
ewes , because of poor contrast at this plane, it has be� omitted 
from tho age comparisons . The mean pelvic measurements and bo� 
weights for the gl'OUJS III , IV and V ewes , together wi th the analyses 
testing for differences in group means , are shown in Tables V (vi) 
and V (vii ) . Correlations between the various pelvic diameters 
are shown in Table V ( viii ) . 

Ventro-dorsal radiographs from a eutocoua and a 
dyatocous ewe are shown in Plates V. 7 & 8.  
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TABLE V (vi) : rwn PELVIC DUliDISIONS AND BODY WEIGHTS 
GROUPS III , IV AND V EW&S 

Measurnment 1 Group of ewe Mean S D n 

OD (mm ) III 1 06 . 68  7� 0 22 
IV 1 03 . 93 7.3  29 
V 1 02 .85 6 . 2  20 

TD (mm) III 91 .32 3,7 22 
IV 89.41 5 . 1  29 
V 88 . 35 3.6 20 

TC (mm ) III 1 65.40 8 , 5  1 5  
IV 1 61 . 1 1 8. 5 26 

V 1 60,33 9. 0 1 2  

AC (mm) III 69 .68 3 . 1 22 
IV 67.34 4 . 4  29 
V 66 .00 3; 5 20 

LIT (mm) III 1 28. 1 8 6.8 22 
IV 1 25.83 7·7 29 

V 1 25 . 1 5  7 . 4 20 

TD x OD (mm2) III 9 , 734 658 22 

CD/TD 

Body weight 
(kg) 

1 
CD 
TD 
TC 
AC 
LIT 
TD x OD 
OD/TD 

IV 9, 288 786 
V 8 , 968  743 

III t . 1 7  0. 1 
IV 1 . 1 7  0 . 1  
V 1 . 1 7  0. 1 

III 41 . 47 4 . 2 
IV 37.42 3.4 
V 36 . 92 3 . 2  

Conjugate diameter of the pelvic inlet 
Transverse diameter of the pelvic inlet 
Distanoe between the tubera ooxarum 
Distance between the acetabula 

29 
20 

22 
29 
20 

21 
28 
20 

Distance separating the lateral ischial tuberosities 
Estimated pelvic inlet area 
Estimate of pelvic shape 

OF 



1 30 

TABLE V ( vii) : SI GNIFICANCE OF DI:E'FERmCES IN l.mANS 

DET\'/EEN GROUPS III , IV AND V EWES 

Group III VB Group II I vs Group IV vs 
Measurement Group IV Group V Group V 

CD N S  N S  N S 

TD N S N S N S 

TC N S N S  11 s 

LIT N S N S  N S  

TD x CD * *** N S 

AC * *** N S  

CD/TD N S N S N S 

Body weight *** *** N S 

CD Conjugate diameter of the pelvic inlet 

TD Transverse diameter of the pelvic inlet 

TC Distance between the tubera coxarum 
LIT Distance between the lateral ischial tuberosities 

TD x CD 
Estimate of area of the pelvic inlet 

AC Distance between the acetabula 

CD/TD Estimate of internal pelvic shape 
N S (p)0.05 )  

* (p(0. 05 )  

*** (p<0. 001 ) 
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TABLE V ( viii) : CORRELATIONS BETWEEN PELVIC DUIENSIONS 

Measurement 

TC 

LIT 

TD 

CD 

Body tieight 

N A  

CD 
TD 
TD x CD 
LIT 

TC 
CE 

* 

OF GROUPS III , IV AND V E\'IES 

Group CD TD TD x CD 

III 0. 34 0 . 36 0. 53 * 
IV 0 . 07 0. 63 *** 0.48 * 

V 0.28 0.41 0.66 * 
CE 0.21 0. 5 *** 0. 55 *** 

III 0 . 65 ** 0. 09 0.70 *** 
IV - 0.09 0. 63 *** 0.53 ** 

V - 0 . 02 0. 43 0.29 
CE N A  0.41 *** N A  

III - 0.02 0.29 
IV - 0. 1 3  0.56 ** 

V - 0.21 0. 46 
CE - 0. 1 2  0.46 *** 

III - 0. 02 0.81 *** 
IV - 0. 1 3  0.75 *** 

V - 0.21 0. 47 
CE - 0. 1 2  0 .70 *** 

III 0 . 56 ** 
IV 0. 64 *** 

V 0. 24 
CE N A  

Groups not combined since • r' differed between groups 
(p(0. 05 )  
Conjugate diameter of the pelvic inlet 
Transverse diameter of the pelvic inlet 
Estimate of pelvic a.rea 
Distance between the lateral tuberosities of the 
ischium 
Diata.noe between the tubera ooxarum 
Combined estimate 

1 p(

0.

05
) p(0. 01 ) 

p(0. 001 ) 



Plate V.8 . 

Ventro-dorsal radiograph of pelvis of a 
eu tocous 3 year old ewe from group IV. 

C onjugate diameter -
Transverse diameter -
Acetabular diameter -
Lateral ischial diameter -
Dis tance between the posterior 
promontories of the ischium -
CD x TD -

1 09mm 
91 mm 
72mm 

1 24mm 

57 mm 
991 9mm

2 

Veutro-dorsal radiogt�ph of pelvis of a 
dystocous Romney stud ewe from group I . 

C onjugate diameter -
Transverse diameter -
Acetabular diameter -
Lateral ischial diameter -
Distance between the posterior 
promontories of the ischium -
CD x TD -

1 09mm 
85mm 
68mm 

1 39mm 

79mm 
9265mm

2 
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Discussion 

The pelvic dimensions recorded from the five 
groups of ewes in this study are in general agreement with those 
previously reported by Bassett ( 1 955 ) and Quinlivan (1 971 )  for New 
Zealand Romney ewes (Table V (ix )  ) . 

T.ABLE V (ix ) : PELVIC lmASUREMENTS OF NEW ZEALAND ROMNEY EWES 

P2J;;!ic measuremen� 
.Author Details CD1 TD TD x2CD LIT PPI 

(mm) (mm) (mm ) (mm) (mm) 

Bassett 3 year old 1 05 89 9 ,280 1 36 ... 
( 1 955 ) 4 year old 1 08 92 9.907 1 36 .... 

Mature 1 07 94 9 , 993 1 44 .. 

Quinlivan Dystocaus 90 95 8 , 536 1 41 73 
( 1 971 ) lilltocous 1 05 92 9 ,739 1 48  79 

� 
2 year old {GpV) 1 03 88 8 , 968 1 25 

.a 3 year old (GpiV) 1 04 89 9 ,288 1 26 
Cl) tll (I) Eutocous (Gpiii ) 1CY7 91 9, 734 1 28  63 � � � tll (I) Eu tocous ( Gpii ) 1 04  96 1 o, 01 0 1 44 66 
� "' 

p... .a Dys toeous ( Gpi ) 1 00  91 9 , 008  1 41 69 
� 

CD1 C onjugate diameter of the pelvic inlet 
TD Transverse diameter of the pelvic inlet 
TD x CD Estimated area of the pelvic inlet 
LIT Distance between the lateral ischial tuberosities 

TC 
(mm) 

1 75 
1 81 
1 87 

... 
... 

1 60 
1 61 

1 65 
1 82 
1 78 

PPI Distance between the posterior promontories of the ischium 
TC Distance between the tubera coxarum 

A comparison of pel vie dimensions of ewes with 
histories of eutocia and dystocia would ideally be undertaken on a 
within flock basis.  Since this was not possible in the present 
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study i t  could no t  be assumed that the birth weights of' lambs from 

the different groups conati tuted a homogeneous set. It seemed 

reasonable therefore , to examine the relationship between lamb siz e  

and pelvic size within each of the three grrupa and t o  make 

comparis ons on this basis . In terms of' absolllte area, the size of 

the pelvic inlet of' the eutooous ewes in groups II and III was 

cle arly greater than that of' the dys toeous ewes in group I .  Of' 

more importance, when the area of the pelvic inlet is related to the 

mean birth weight of the lambs for the different groups , large 

differences were again apparent between the eutocous and the 

dys tocous ewes . These differences in the relationship of lamb 

size to pelvic size are considered .to be largely responsib le for the 

differences in the recorded incidence of dyst ocia between the groups . 

Similar differences in the relationship of lamb weight to pelvic area 

have been demonstrated between eutocous and dystocous ewes by other 

authors . Naaktgebo ren et a l .  (1 971 ) conc luded from their s tudy 

that the higher incidence of dystocia in the Texel ewes , as compared 

with the Heath ewes ,  was attributab le to the high lamb weight at 

birth and the inadequate size of the pelvic inlet of the ewe . In 

a more recent s tudy Fogarty and Thompson ( 1 974) demons trated that 

the area of the pelvic inlet of Border Leicester ewes was 

significantly greater than that of Dorset Horn ewes yet birth 

weights from the two breeds were reported to be similar. They 

concluded that the relatively greater pelvic inlet area of the 

Border Leicester ewes was associated with the low incidence of 

dys tocia noted in this breed. 

The relatively large pelvic area of' the group 

III ewes could be attributable to natural selection which, over 

"many years , may have resulted in an increase in pelvic dimensions , 

a decrease in lamb weight at birth, or both through the death of 

lambs and ewes experiencing dystocia. 

Differences in the area of the pelvic inlet 

between the ewes in groups I and III were largely ascribab le to 

differences in the conjugate diameter of the inlet ,  since the 

transverse diameter did not differ between the two groups (Table 

V (iii) ) . As a consequence the shape of the pelvic inlet was 

significantly different between thes e two g:t"OUpa , a finding which 

agrees with the reeul ts reported by Fogarty and Thompson ( 1 97 4) : 
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as in the present study, the ewes with the low incidence of dystocia 

(Border Leicester) were shown to have longer, narrower pelvic inlets 

than ewes with a high incidence of dystocia (Dorset Horn) .  This 

did not apply in the case of the group I and II ewes ; the difference 

in pelvic area between these two groups was attributable more to a 

difference in transverse diameter than conjugate diameter, although 

shape of the pelvic inlet did not differ significantly (Table V (iii ) ) . 

The conjugate diameter of the pelvic inlet 

accounted for 67% of the variation in estimated pelvic area over the 

three groups of mature ewes compared with only 1 8% accounted for by 

the transverse diameter. This result agrees well with the 68% 

and 1 5% reported by Fogarty and Thompson ( 1 97 4) for these respeoti ve 

measurements .  

Estimates of correlations bet\reen external and 
internal pelvic dimensions are in general agreement w1 th the :findings 

of Bassett ( 1 955) and Fogarty and Thompson ( 1 97 4), and as these 

authors have pointed out,  none of the correlations are sufficiently 

high to be of use in predicting pelvic area. 

Width be�reen the lateral tuberosities of the 

ischium was correlated with conjugate diameter in group III ewes 

but not correlated with the transverse diameter. In contrast, in 

the group II ewes the reverse was true, while in group I ewes width 

b etween the lateral tuberosities of the ischium was correlated with 

neither conjugate nor transverse diameters (Table V ( v) ) . Such 

within breed differences would need to be taken into account if 

external pelvic measurements are to be used to estimate internal 

pelvic dimensions . 

With two exceptions body weight was not 

significantly related to the internal measurements of the pelvis . 

The first was the relatively high correlation (0 . 61 ) demonstrated 

b etween transverse diameter of the pelvic inlet and body weight in 

the group :u ewes and the second was the correlation between body 

weight and estimated pelvic area in too group III ewes (Table V ( v) ) . 

The explanation for the former relationship is not apparent; ho"t-Tever, 

it  is noteworthy that despite this relationship, the correlation 

between body weight and pelvic area 1ras close to zero in this group. 

Fogarty and Thompson ( 1 974) demonstrated a. similar relationship 

( r ::: 0.44) between body weight and transverse diameter of the pelvic 
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inlet in Dorset Horn ewes .  The relationship between body weight 

of the group III ewes and estimated pelvic area could be explained 

by the low level of nutrition of these hill country ewes which may 

have restricted pelvic growth. As noted in section � . 3. 2 . ,  the 

pelvis has been shown to increase rel�tively rapidly in weight after 

birth and because of this could be expected to be more strongly 

influenced by under-nutrition than slower growing parts of the 

skeleton. Certainly stocking rate on thi s  property has been considered 

relatively hi gh for this c lass of country up to 1 973 , when it was 

reduced. Thi s  change in management may be reflected in the absence 

of a significant correlati on between body weight and area of the pelvic 

inlet in the group V ewes (2 years of age ) (Table V (viii ) ) . 

Internal pelvic shape showed no tendency to 

alter with age in the present stUdy in contradistinction to the 

findings of Bassett ( 1 955 ) which, although not statis tically 

significant , indicated that the inlet becomes rounder with age . 

The groups III , IV and V ewes may not be representative of the 

Romney breed in this respect however, because of the type of 

environment in which they have been bred. 

Of practical importance was the finding that 

the relati onship between the distance separating the lateral ischial 

tuberosities and the estimated area of the pelvic inlet differed 

signifi cantly between the three age groups of hill country ewes 

( groups III , IV and V) . C learly if external pelvic measurements 

are to be used to predict internal pelvic dimensions , with a view 

to selecting ewes with larger pelvic areas , the effect of age on 

the relationship between the two will need to be examined fUrther. 
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Conclusion 

Radiographic pelvimetry has been evaluated and 
i s  found to be a usefu.l research technique for measuring the pelvic 

dimensions of live sheep. The relatively high incidence of 

dys tocia in the s tud ewes is considered to have been caused by an 

incompatibility in size between the maternal pelvis and the lamb at 

birth. Use of external pelvic measurements in predicting internal 

pelvic dimensions seems impracti cable because of the low degree of 

correlati on between the two and because of the within breed 

variations that exist in these relationships .• 



FINAL DI SCUSSION AND C ONCLUSI ON 

Evidence from each of the three s tudies d.eseribed 

in Chapters III , IV and V points to a causal relationship betl-reen 

dystocia and a di spari ty in siz e between the maternal pelvic inlet and 

the lamb at bi rth. Weak expulsive effort was only implicated as a 

primary cause of dystocia in one ewe that developed u terine inertia in 

the s tudy described in Chapter IV. However, relatively low abdominal 

bearing down e ffort , associ ated with pos terior presentation of the 

foetus , is thought to have contributed to the lack of progress during 

parturi tion in three ewes in the same study. 

FUrther work is required to determine the cause 

of foetal maldispo siti ons at bi rth. However, the results suggest 

that rather than being a primary cause of dystoci a ,  foetal mal­

disposition may be related to dystocia through a common cause ,  for 

example , a di sproportion between the lamb and the maternal pelvis . 

There was a suggestion from the s tudies that this may not be the 

case with lambs presented posteri orly , but this could not be 

verified. 

The hypothesi s is therefore advanced that dys tocia 

in Romney stud ewes i s  commonly caused ei ther by the relatively small 

siz e  of the p elvi c inlet of the ewe , or the relatively large size of 

the lamb at birth, or both. 

The decrease in the incidence of dystocia 

achieved by selection and the high repeatabili ty of the condition 

in the stud flock (Chapter Ill ) , together with the low incidence 

in the flock that had been naturally selected against dystocia 

(Chapter V) , provides evidence of a genetic basis for dystocia in 

sheep. This is supported by the results achieved through 

s el ection agains t this condi tion by Parker ( 1 974 ) (Table VI (i ) ) . 

On the basis of these findings it i s  su . gested that the hi gh incidence 

of dystocia in some Ramney stud flocks has resulted , over a number of 

years , from a reduc tion in the s election pressure against this trait ,  

brought about by intensive shepherding, sparing lambs and ewes 

experi encing dystoeia. FUrther work is requi red t o  estimate the 

heritability of thi s  condition in sheep to determine whether seleetion 

against dystocia could provide a practical means of reducing the 

incidence in flocks . 
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TABLE VI (i ) : D:roREASE IN THE INCIDENCE OF DYSTOCIA 

ACHIEVED BY SELECTION (Parker, 1 974 ) .  

� % Ewes assis ted at lambing 

1 956 1 2 .3  
1 957 8 .6  
1 958 5 . 3 
1 959 7 . 0  
1 960 2 .3  
1 961 1 2 . 3  
1 962 9 .2  
1 963 4 . 0  
1 964 7 . 0  
1 965 2 . 9  
1 966 2 . 4  
1 967 2 . 6  
1 968 2 . 6  
1 969 1 . 3 
1 970 0 .5  
1 971 0. 9 
1 972 0 . 5 
1 973 1 . 4 

Although the preAent s tudies have shown the 

importance in parturi tion of the physical relationship at birth 

between the lnmb and the maternal pelvis , they have not indicated 

the relative contribution of each to the problem of dystocia . 

I t  therefore f:eoms importan-t that a definitive study be undertaken to 

determine the �elative contribution of lamb birth weight and the area 

of the pelvic inlet of the ewe to dystocia . Only when this has 

been carried out will it be clear how best a reducUon in the 

incidence of dyotooia may be achieved by the use of these measure-

ments . I t  is likely that further work would then be necessa:a:·y to 

identify clearly those factors which influence lamb birth weight, 

pelvic area, or both, so that the latter can be altered by selection 

or management to achieve the desired result. 
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APPENDICES 

Detini t1ona 

(i ) Dys tocia. Parturition which directly or 
indirectly results in injury to the eve or the lamb. 

(ii ) Disposi tion of the lamb. This t m is used 
in this thesis to describe the presentati on, position 
and posture of the lamb at birth. liormal dis-
position being anterior pi'esEmtation, dorso-sacra.l 
posi tion, extended posture . J.fald1Bpoei ti on refers 
to any deviation in presentation, position, or posture 
trom normal. 

(iii ) Pres ntation describes the orientation of th 
longi tudinal arts of the foetus . In ttle d eh ep 
malpresentati on refers to pos teri or and tr nevers 
presentations. 

(iv) Primipara. An animal that has had one 
parturition. 

( v) Secundipara. An animal that has bad tvo 
parturi tions .  

(vi) lultipara. An animal that has had more than 
two partur.L ti ons. 

( vii) ontevideo un1 t. erage frequency of 
contractions in ten mimtea x Av rage amplitude o:f 
cont ctiona ui thin the a t1 period examined. 

( viii ) Pasoalian ay t • An enclos ed pressure 
syst in 1hioh preeau:- is unifom at all points . 

(1�) Tocometry. �su rement o:f parturi ent uterine activi ty. 

Appendiz II Mati.ng barn ss and omyon 

Sire Sine harness and Sire Sine crayons (mild and 
cold) , Manninge Ltd. , Hamilton, N. z. 

Appendix III Aerosol stock ma1'ker11 

Spray rk. Crown Ch o 1 Company Ltd. , U.K. 

Appendix IV Pregnancy diagno is d pelvim try 

( ) X-ray maohin • 
Opt tic 1 023. 

El ohonander Triplex 
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The X.ray 1mtallat1on is based around a three phase 
1 000 ma.. generator which has a near d.o.  outplt due to 
the 1 2  pulse high tensi on curve per mains cycle. 
There is a oontimous KV adjustment trom 4Q-200 KV and 
the X... ray exposures are svi tehed by six � tron 

lves vhioh are controlled by an electronic timer 
capable ot svi tching from 0.003 to 8 seconds in 32 
steps . Thi tub is equipped wi th a conventional 
light indicating collimator and also an optical range 
find r is fitted so that the correct tube-film di tanoe 
can be achieved s imply and rapidly in any s i tuation. 

( b )  Kodak cassette with Kodak high speed se • 

( o )  R:P/X-O�tAT film processed in a Kodak RP/X.011JAT 
autanatio processor. 

{d ) Grid ratio 1 2: 1 , 1 00  lines/inch, toous d at 1 m. 

( e )  Exposure factors 

A, Preg:nancy di osi 75 mss , SO KV • 

B ,  Pelvi.metr;y {i ) Ventro-dorsal exposure 
eo mse .  eo KV. 

{ii ) Lateral u:posure 
85 mas , 1 00  KV 

Plactio catheters 

V�l catheters I . D. 1 . 5 mm ,  O .D. 2 .7 mm {sv 1 1 6 ) .  
Dura.l Plastic and Engin ring Pty. Ltd. , Dural , 
N.s .w. , uat lia. 

Appendix VI Stainless probe 

Hade from stainless a t  1 orthopaedic pin (Zimmer) 
2 .78 diamet r, 1 0  c long. 

ppendix VII Anaesthetic chine 

C onwe lth Industrial G es twin oanniater circle 
bsorber. 

Appendix VIII Tccom try 

(a ) Transducers 

(1 )  Intra.-u terin pr 
S P2' BB , 
d.1. pl o ent ,,1 Hg, 

Hg. 
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(ii ) Intra-abdominal pressure 
San born 267B , range -1 00 mm Hg -
+400 mm Hg, displacement 0.05 mm3/1 00  
mm Hg 

(b ) Amplifiers 

(i ) Intra-uterine pressure 
Devices DC . 2C  pre-amplifier 

(ii ) Intra-abdominal pressure 
Sanborn 350 - 1 1 00 C carrier pre­
amplifier 

(c ) Recorders 

(d) 

( e )  

(i ) Four channel direct WTiting recorder. 
Constructed by the Instrument Workshops , 
D. S . I .R. , Palmerston North 

(ii ) Two channel recorder. Devices M2 two 
channel direct writing recorder 

Damping 

(i ) Intra-uterine pressure 
T.c . 3 seconds 

(ii ) Int�abdominal pressure 
T.C . 1 second 

Calibration 

(i ) Intra-uterine pressure 
For this purpose the outputs of the 
DC . 2C  pre-amplifiers could be di splayed 
on a meter ( Fig. I V( ii ) ) .  By switch­
ing a calibration resistor into the 
wheats tone bridge ci rcuit of  the trans­
ducer the gain of the pre-ampli fier could 
be adjus ted to give a fu l l  scale 
deflection on the meter and the chart 
recorders of 25 mm Hg. During 
parturition the range could be doubled by 
adjusting the range setting on the pre­
amplifier controls. 

(ii ) Intra-abdominal pressure 
Calibration of these transducers was 
checked by connecting them with water 
manometers after the sheep had lambed. 
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Appenclix IX PersoDal. co!11111Uid.cations c1 ted in the thesis 

( 1 )  A. N. Bruere, 
Department, 

V teril'la%'1 OUDical Science 
· s y UJli reity 

(2) R, Buohananf Lockwood Romney Stud, 
Otamauri , Hawke Bay 

(3)  G. c .  Liggins , National Women' a Hospital, 
Auckland 

(4) W.B . Currie, 
Protein and Polypeptide Homone laboratory, 
Department ot Physiology, 
Faculty of dicine, University ot Manitoba, 
Winnipe-g, Canada. 
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