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Abstract

Neutering consists of removing the source of the hormones that control reproduction and

determine secondary sexual characteristics. In dogs and cats, this is most commonly accomplished

by castration or ovariectomy. While the primary purpose of neutering is to prevent reproduction,

the procedure may have other physical and behavioural effects.

Epidemiologic research has identified many beneficial and harmful outcomes associated with

neutering. A definitively causal relationship between these outcomes and neuter status cannot be

accepted without consistent evidence from multiple studies of adequate size and quality. However,

consideration of the possible health consequences of these associations is warranted when

offering owners recommendations concerning neutering.

An evidence-based decision about neutering a particular pet requires integrating relevant

research data with the veterinarian’s clinical expertise and the needs and circumstances of the

patient and owner. It is impossible to precisely predict the outcome of neutering for any individual.

However, existing research does allow some generalization about the magnitude and clinical

importance of specific risks and benefits. Overall, it appears justified to recommend spaying all

females not intended for breeding, because the procedure is more likely to prevent rather than

cause disease. In male dogs, the benefits of castration are not so clearly greater than the risks. The

evidence is also mixed regarding the risks and benefits of neutering dogs before 5–6 months of age,

and so no strong recommendation for or against the practice can be made. However, it is clear

that spaying female dogs before their first heat is preferable to spaying them later.
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Review Methodology: The literature was identified by keyword search of the following databases: Pubmed and Medline. Additional

articles were identified by keyword search of the Veterinary Information Network and Google and by examining the references of

articles identified for further relevant material. Keywords for electronic searches included the following as well as combinations and

variants thereof: cat, dog, spay, castration, neuter, risk factors, risks, benefits.

Introduction

Neutering consists of removing the source of the hor-

mones that control reproduction and that determine the

typical physical and behavioural characteristics that dis-

tinguish males and females. In dogs and cats, this is most

commonly accomplished by surgically removing the

testicles in males (castration) and the ovaries in females

(spaying), though there are a variety of surgical techniques

as well as non-surgical methods of contraception to

prevent reproduction without removing the source of

gonadal hormones [1, 2]. There is significant variation

among countries, regions and communities in specific

neutering practices, in the proportion of owned cats and

dogs that are neutered, and in the attitudes among pet

owners and veterinarians towards neutering [3–7].

While the primary purpose of surgical neutering is to

prevent reproduction, like most medical interventions,

the procedure has other effects, both beneficial and un-

desirable. Making a rational, evidence-based decision

about neutering a pet requires integrating the research

evidence concerning the benefits and the risks of the
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procedure with the veterinarian’s clinical expertise and

the needs and circumstances of the individual patient and

owner. Veterinarians, breeders and pet owners often

have strong opinions about neutering, and unfortunately

these are all too often based on tradition, habit, rumour

or misconception. There is a large and complex scientific

literature addressing the risks and benefits of neutering,

and a number of reviews of this information have ap-

peared in scientific publications or have been posted on

the Internet by interested laypersons [8–15].

Though there are many studies that consider the

impact of neutering on disease risk, they have limitations

which affect the applicability of the data and conclusions

they generate to individual patients. Large-scale prospec-

tive studies are rare, and even in these there are practical

difficulties in controlling for confounding variables. Most

of the studies which examine the possible influence of

neutering on health and disease are retrospective obser-

vational studies with or without controls, and these often

have significant limitations in determining the aetiological

significance of the risk factors identified [16]. Many factors

must be considered in evaluating the applicability of

associations detected in observational studies to other

populations or individual patients, including the size and

composition of the study population, the study design, the

appropriateness of statistical methods and the potential

influence of confounding variables [17].

Another issue to consider in interpreting studies about

the risks and benefits of neutering is how these risks are

described. Differences between groups are often de-

scribed in terms of relative risk. However, it is frequently

difficult to determine from published studies the under-

lying absolute risk, which is critical to rational clinical risk

analysis. Relative risk figures alone tend to exaggerate the

perception of benefit and harm associated with risk fac-

tors [18, 19]. I have attempted, whenever possible, to

provide figures for the incidence of disease conditions

which may be affected by neutering, though unfortunately

the true incidence of most conditions seen in veterinary

medicine is not known.

In addition to the incidence of a clinical disorder

associated with the neuter status, it is important to con-

sider the clinical impact of the disorder and how amenable

it is to treatment, since these factors may influence how

relevant the risk of a disorder is to any decision about

neutering a particular patient. This review is an attempt to

consider the totality of the scientific information currently

available and to draw some pragmatic conclusions about

the overall benefits and risks of neutering dogs and cats.

Benefits of Neutering

Population Benefits

The primary benefit of neutering is the prevention of un-

intended reproduction. Though the number of unwanted

cats and dogs euthanized at animal shelters in the USA has

decreased from an estimated 23.4 million in 1970 to about

4.5 million by the year 2000 [20], this still represents a

significant animal welfare concern. Reducing the total

number of unwanted puppies and kittens remains im-

portant in reducing the relinquishment and euthanasia

of these animals, and failure to neuter is an important

component of the pet population problem [21, 22].

Furthermore, intact cats and dogs are at an increased risk

of being given up by their owners, possibly because they

exhibit unacceptable behaviours associated with being

intact or because they result from unintended repro-

duction or are surplus offspring of other pets in the

household. [23–26]. So neutering can reduce the number

of unwanted puppies and kittens and the risk of owned

animals being relinquished.

The feral or stray cat population, though notoriously

difficult to assess, contains an estimated 30–40 million

animals in the USA, most the product of unplanned

breeding [20]. There is a great deal of controversy over

the welfare of feral cats and the impact they may have on

wildlife and public health [27–30]. It is generally agreed,

however, that feral cats suffer more disease and para-

sitism and have shorter lives than owned cats and that

reducing the number and reproduction of cats not

owned is a worthwhile goal [31]. Neutering of owned

and feral cats, can promote this goal, though it is

likely that neutering programmes alone cannot fully con-

trol cat populations or reliably eliminate feral colonies

[29, 32, 33].

While populations of stray dogs have largely been

eliminated in the USA and much of Europe, such popu-

lations still exist in many countries and represent a sig-

nificant human health hazard [20, 34, 35]. There are many

factors involved in controlling stray dog populations and

the health risk they present [34, 36]. Research suggests

that neutering alone is insufficient to control stray dog

populations, but it is widely considered a vital component

in such efforts [34, 35, 37–39].

Risks of Reproduction

Reproduction itself has potential risks which can be

eliminated by neutering. Dogs of both sexes are suscep-

tible to infection with Brucella canis, a bacterium which can

cause disease in dogs and humans. This bacterium can be

transmitted during breeding or acquired from contact

with aborted foetuses and other material from infected

females. The incidence of this disease varies by country

and region, from 1–18% in USA to 25% and above in some

countries. Clinical symptoms other than infertility are

uncommon, though some dogs experience serious infec-

tions of the bone, eyes or nervous system [31].

The most common complication of pregnancy for

females is dystocia. Rates of dystocia in dogs vary greatly

by breed, from as low as 5% of whelpings to over 85%
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in breeds with large heads [40]. One study in Sweden,

using information from an insurance database of

approximately 200 000 female dogs, most of which were

intact, found that 2% female dogs in the sample experi-

enced a dystocia, and the overall incidence was 5.7 cases/

1000 dog years at risk [41]. The study population con-

sisted of dogs covered by health insurance, and so it may

or may not be applicable to dogs in other countries or

those whose owners do not utilize pet health insurance.

In cats, the risk of dystocia also varies by breed, with

one study reporting an overall rate of 5.8% of deliveries,

ranging from 0.4% in a colony of mixed breed cats to

18.2% for Devon rex cats [42].

Though dystocia can be treated medically, the majority

of dogs and cats require surgical treatment [40–43]. Most

females recover fully from caesarean sections, though the

risks of such surgery are likely greater than those of a

planned spay surgery because of the emergency nature of

the procedure and the often compromised health of the

female secondary to the dystocia. In breeds with a high

risk for dystocia, elective caesarean section can often

be performed to prevent dystocia, which is safer than

emergency surgery once dystocia has developed.

Much less common risks of pregnancy, such as preg-

nancy toxaemia, diabetes mellitus, uterine torsion, uterine

rupture and pregnancy-associated pyelonephritis can all

be prevented by neutering in both dogs and cats [43].

Mammary Neoplasia

Mammary tumours are very common in intact female

dogs. The chances of developing a mammary tumour

increase with age and vary with breed [43, 44]. Incidence

is reported in a number of different ways, which makes

comparison between studies difficult. A study in Norway,

where almost all female dogs are intact, found a crude

incidence of malignant mammary tumours of 53.3%,

with significant variation in risk by breed and age [45].

A study in the UK, looking at a population of both intact

and spayed dogs in a health insurance database, found

mammary tumours to be the second most common

type of tumour, with an age standardized incidence of

205 tumour per 100 000 dogs per year; however, no

breakdown of this figure according to the neuter status

was reported [46]. A Swedish study found an incidence

in intact females of 1% at 6 years of age, 6% at 8 years

and 13% at 10 years (when the study was terminated)

[47]. The incidence of mammary tumours in female

cats is roughly half that seen in dogs, and there is no

apparent protective effect of having a litter for dogs or

cats [44, 48]. Mammary neoplasia is extremely rare in

male dogs [44].

About half of the canine mammary tumours are ma-

lignant, whereas 85–90% of the feline mammary tu-

mours are malignant [44, 49]. Mammary cancer is usually

treated surgically, often with adjunctive post-surgical

chemotherapy, and it is often fatal despite treatment, with

59% dogs with malignant tumours in one study eventually

dying of causes related to their cancer [50].

Spaying dramatically reduces the risk of mammary

tumours in both dogs and cats. In dogs the risk has been

reported as 0.5% for females spayed before the first

oestrus, 8% for those spayed before the second oestrus

and 26% for those spayed after the second oestrus [51].

One study in cats found those spayed prior to 6 months

of age had a 91% reduction in mammary cancer risk, and

the risk was reduced by 86% in those spayed before

1 year [48]. Spaying dogs later than the third oestrus does

not reduce the risk of developing mammary cancer, but

spaying at the time of surgical removal of the mammary

tumour or within 2 years before the diagnosis of mam-

mary cancer is associated with longer survival [50].

Pyometra

Pyometra is a bacterial infection of the uterus that occurs

as a consequence of changes in the uterine environment

brought about by repeated oestrus cycles [43]. Pyometra

can be treated medically, with resolution of infection re-

ported in 46–95% cases, with minimal short-term com-

plications, and with relatively high rates of recurrence

(20–28%) and subsequent fertility problems [52–58]. It is

more commonly treated, and recurrence prevented, by

spaying the affected dog [43, 55].

A study in Sweden, where elective spaying is rarely

practiced, found that overall 25% of the females in the

study developed pyometra by 10 years of age, and it was

expected the risk would continue to increase in even

older females. The risk varied considerably by breed, with

some breeds having a 10% rate of pyometra and others

up to 50%. Risk increased with age for all breeds [59].

Pyometra has been reported in cats, but no published

figures regarding the incidence are available.

Mortality from pyometra treated surgically is variable,

from 4.2 to 17% in dogs and 8% in cats [43]. Mortality

rates associated with medical treatment of pyometra

were not identified. However, such treatment would not

be appropriate for critically ill patients, and so the mor-

tality rate would be expected to be lower for medically

treated cases since significantly compromised individuals

would likely be treated surgically.

Spaying essentially eliminates the risk of pyometra

in dogs and cats. Uterine stump pyometras do occur if

some ovarian tissue or other source of progesterone is

present, but this is rare [43]. Ovariectomy is as effective

as ovariohysterectomy in preventing pyometra [60].

Neoplasia of Reproductive Organs

Tumours of the ovaries are uncommon in dogs and cats

with reported incidences of 6.25% in dogs and between

http://www.cabi.org/cabreviews

Brennen McKenzie 3



0.7 and 3.6% in cats. There are several different types

of ovarian tumours with variable degrees of malignancy.

Little reliable information exists regarding the mortality

associated with these tumours [61].

Uterine tumours are very rare in dogs and cats,

accounting for less than 2% of feline tumours and less than

0.5% of all canine tumours. Tumours of the uterus can

generally be successfully removed by spaying the animal,

though recurrence and spread to other organs have been

reported [61].

Tumours of the vulva or vagina in female dogs are not

common, though they represent 2–3% of all canine

tumours. They occur primarily in intact females and often

have receptors for ovarian hormones, and they are less

likely to recur in dogs spayed at the time of tumour

removal [61–64]. This suggests that the risk of such

tumours is decreased in spayed females. Most vulvar and

vaginal tumours are benign and can be cured by surgical

removal, though the minority that are malignant have a

poor prognosis and often recur or metastasize [61].

Various rates of occurrence have been reported for

testicular tumours, but random samples of testicles from

dogs autopsied for reasons not related to testicular disease

have shown that 16–27% dogs had tumours, and many of

these had more than one [65]. The testicles are the second

most common site for cancer in intact male dogs [66].

Cryptorchid testicles are more likely to develop tumours,

especially in dogs under 10 years of age [67, 68].

There are several types of testicular tumours. Most are

slow to metastasize, with less than 15% affected dogs

showing spread to other organs. Some testicular tumours

produce hormones, including oestrogen which can cause

feminization and bone marrow hypoplasia. Castration is

the treatment of choice for testicular neoplasia, and it

is usually curative [43, 61].

Prostate Disease

The most common disease of the canine prostate is

benign prostatic hyperplasia (BPH) [43, 69]. The incidence

of this disorder increases with age, from 15–40% for dogs

under 7 years of age to 60–100% for dogs over 7 years of

age [69–71]. While most dogs have a few symptoms from

BPH, some experience difficulty urinating or defecating or

have bloody preputial secretions. BPH is a predisposing

and complicating factor for prostatitis [43]. Prostatitis has

been reported to occur in up to 28.5% intact male dogs

[69, 72]. It is a serious and uncomfortable disease, though

rarely life-threatening. Both BPH and prostatitis are rare

in neutered dogs and both are effectively prevented and

treated by castration [43, 69].

Behavioural Benefits

Behavioural problems are an important reason for relin-

quishment of pet dogs and cats by owners [20, 27, 73].

The most common problem behaviours include ag-

gression towards people or other animals, inappropriate

elimination and fearful behaviours [74]. To the extent that

neutering increases or reduces the risks for these beha-

viours it can have an important impact on the relationship

between pet and owner and ultimately on the pet’s

survival.

The biological and environmental influences on animal

behaviour are complex and difficult to unravel, so epi-

demiological correlations are unreliable in predicting the

outcome of interventions in individual cases. Most of the

literature concerning neutering and behaviour is con-

sistent of owner surveys or analyses of biting or other

problem behaviours reported to animal control agencies

or shelters. These studies have significant methodological

limitations as they are generally observational and retro-

spective, and often involve sample populations that may

not be truly representative of dogs and cats generally.

However, there are some consistent patterns that

emerge from studies on normal and problem behaviours

in dogs and cats which illustrate the potential behavioural

benefits and risks associated with neutering.

Most studies have found intact male dogs to be dis-

proportionately involved in aggressive behaviour [75–77].

Others have reported marked reductions in aggression

and other problem behaviours in male dogs as an effect

of castration. In one study, roaming behaviour decreased

90%, aggression between males decreased 62%, urine

marking decreased 50% and mounting decreased 80%

following castration [78], and several other studies have

found similar results [79–81]. Some studies have also

reported intact dogs to be more likely to bite humans

than neutered animals [77].

Castration also dramatically reduces fighting, urine

spraying and roaming in male cats [81–83]. One of the few

experimental, prospective studies in this area compared

various physical and behavioural characteristics of kittens

neutered at 7 weeks of age, others neutered at 7 months

of age and a control group left intact. This study found

intact cats to be more aggressive towards other cats

and less affectionate towards humans than neutered

cats [84].

Miscellaneous Benefits

Almost every veterinary epidemiologic study of any dis-

ease examines differences in incidence between males and

females and intact and neutered animals. If a significant

correlation is found, this may or may not have meaningful

clinical implications. There are likely many more such

associations reported than are listed here, but these are

some that have clear significance when considering

whether or not to neuter and about which pet owners

often have questions and concerns.

Perineal hernias are uncommon in dogs, but no pre-

cise incidence has been reported. In one study, 93% of
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the cases were intact males, and an association with

prostatic disease and prostatic hormones is suspected,

and so neutering is likely to be protective for this dis-

order [85, 86]. Perineal hernias can be repaired surgically,

with a recurrence reported in from 20 to 40% patients.

Castration at the time of initial repair is often recom-

mended, because it may reduce the rate of recurrence,

especially in dogs with concurrent prostatic disease

[87, 88].

Perianal fistulas is an immune-mediated disease seen

most commonly in German Shepherds and Irish Setters

and rarely in other breeds. It occurs predominantly in

intact male dogs, which suggests a hormonal influence

though a specific causal connection has not been identi-

fied. In one study, males outnumbered females 2 : 1

and intact dogs were 86% of the affected patients [89].

Perianal fistulas are chronic and often cause significant

discomfort. A variety of medical and surgical treatments

are used, with reports of long-term resolution of the

condition in from 30 to 78% of cases [90–92].

There is some suggestion in research on laboratory

animals as well as retrospective epidemiologic studies

of dogs and cats that neutered animals may live longer

than intact animals, though the effect is not large or

consistent across studies [93–99]. There has been one

retrospective survey study of Rottweiler dogs which

found an association between the length of time females

remained intact and their odds of achieving exceptional

longevity (defined as a lifespan �13 years) [100]. How-

ever, a previous survey study from the same population

reported that intact females lived on an average for

7.5 years, compared with 9.8 years for spayed females

[101]. The implications of these studies for other breeds

or for any general relationship between lifespan and

neuter status are not clear. Also, the possible effects of

differences in the care neutered and intact animals

receive, genetic factors and many other variables have

not been evaluated, which complicates any interpretation

of differences in longevity. Therefore, no firm conclu-

sions can be drawn about the effect of neutering on

longevity.

Risks of Neutering

Surgical Risks

Like all surgeries, neutering involves some risk of perio-

perative complications. Total complication rates for rou-

tine castration or spaying have been reported from 2.6%

to 20% of the cases [102–105]. The majority of these are

minor and require no treatment [102, 105]. Complication

rates vary considerably from practice to practice and are

generally reported to be higher in studies of surgeries

performed by students in training [102, 105]. Reported

death rates are less than 0.1% [102].

Neoplasia

Prostate cancer in dogs has previously been reported to

have an incidence of less than 1% [43], but several recent

studies have suggested it may be more common, though

not always clinically recognized, and these papers have

reported rates of 3.6–13% [69, 72]. Most such cancers

are malignant, with metastases reported in 40–80% of the

cases at the time of diagnosis [43, 106]. There is some

uncertainty about the role of castration in prostate cancer

development. All the studies have been retrospective

epidemiologic surveys of a relatively small number of dogs

with prostatic carcinoma (n=7–76). Some have found

fewer prostate cancers in castrated dogs than in intact

dogs [106–108]. However, others have found either no

effect of castration on the rate of prostate cancers [109]

or an increased risk for castrated dogs [72, 110]. Canine

prostatic adenocarcinomas arise predominantly from

androgen-independent ductal epithelial cells, and so it

appears that, unlike in humans, androgens are not re-

sponsible for the initiation or progression of prostatic

cancers. However, it is unclear whether, overall, castra-

tion is beneficial, neutral or a risk factor for the devel-

opment of prostate cancer [67, 110]. Prostate cancer is an

aggressive cancer with a poor long-term prognosis [67].

Osteosarcoma is a bone tumour usually seen in large

breed dogs [111, 112]. The overall incidence has been

reported as 0.2%, but for at-risk breeds rates of 4.4–6.2%

are often reported [8, 113]. A rate of 12.5% was reported

in one study of Rottweilers, though the authors suggested

this might have been an overestimate [101]. Neutered

dogs have been reported to be at higher risk for osteo-

sarcoma than intact dogs [101, 111]. In the study of

Rottweilers, no difference was found in the overall risk

for intact versus neutered animals of either sex, but

neutering before 1 year of age was found to increase the

risk, and it was found that the longer an individual had

been intact the lower their osteosarcoma risk [101].

However, the neutered animals in this study (especially

the spayed females) lived longer than the intact animals,

which may have contributed to an increased incidence of

cancer in the neutered group.

It is possible that neutering, especially before sexual

maturity, raises the risk of osteosarcoma, at least in

predisposed breeds. Osteosarcoma is an aggressive can-

cer with a poor long-term prognosis, and it is generally

treated with surgery and chemotherapy [112].

Hemangiosarcoma is a malignant neoplasm of vascular

endothelial cells [114]. The true incidence has not been

reported, but it makes up 5% of all non-skin cancers in

dogs [114]. It is less common in the cat, found in 0.5% cats

autopsied and 2% of cancers in this species [114]. It most

commonly originates in the spleen, and certain breeds

(such as German Shepherds, Labrador Retrievers and

Golden Retrievers) are at greater risk than others

[114–116]. Primary cardiac hemangiosarcoma may also

occur, with a reported incidence of 0.19% [117].
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In dogs, spayed females have been reported to have

2 times the risk of splenic hemangiosarcoma and 5 times

the risk of cardiac hemangiosarcoma compared with in-

tact females [115, 117]. Castrated males have been found

to have no increased risk of splenic hemangiosarcoma

[115] and only a slightly higher risk than that of intact

males for cardiac hemangiosarcoma [117]. Hemangio-

sarcoma is an aggressive cancer with a poor long-term

prognosis, and it is usually treated by splenectomy (if this

is the primary site) and chemotherapy [114].

Transitional cell carcinoma is a cancer of the lower

urinary tract, usually found in the bladder and uncom-

monly in the urethra of dogs [118]. It represents 1–2% of

canine cancers and is rare in the cat [118, 119]. It is more

common in females than males, prevalence varies by

breed, and neutered animals have been reported to be

at 2–4 times greater risk than intact animals [119, 120].

Transitional cell carcinoma is an aggressive cancer with a

fair long-term prognosis, and it is usually treated with

chemotherapy and sometimes surgery or radiation ther-

apy [118].

Orthopaedic Disease Risk

Rupture of the cranial cruciate ligament in the stifle is a

common problem of large and giant breed dogs, with

an overall incidence of 1.8–4.5%, though the incidence

in predisposed breeds has been reported to be as high

as 8.9% [121–124]. In addition to breed and obesity,

neutering increases the risk of cranial cruciate ligament

rupture [121–124]. One retrospective case control

study found that in dogs affected by cranial cruciate

ligament disease, those neutered before 6 months of

age were more likely to have an excessive tibial plateau

angle than those neutered later [125]. Cruciate liga-

ment rupture is treated with a variety of surgical

approaches, and it has an excellent long-term prognosis

[126, 127].

Hip dysplasia is a developmental abnormality of the hip

joint that can result in arthritis and clinical discomfort. It

is rare in small breeds, with less than 1% of the dogs

affected, but it can be seen in as many as 40–75% of large

breed dogs [124, 128–130]. Hip dysplasia is estimated to

lead to clinically significant arthritis is less than 5% of the

affected dogs, but there are many factors involved in-

cluding breed, weight and the degree of anatomic ab-

normality of the hip joint, which makes predicting the

outcome for any individual difficult [130]. The incidence of

hip dysplasia is most strongly associated with breed and

family history [124, 131, 132].

Some studies have identified neutering as increasing

the risk of hip dysplasia [124, 133]. The age at neutering

may also be a factor influencing the development of hip

dysplasia [9]. It is unclear if the increased risk is directly

the result of the effects of neutering or of an increased

incidence of obesity in neutered dogs.

Hip dysplasia can be treated if detected early with

surgical therapies that reduce the chances of clinically

significant arthritis later in life [134, 135]. In older dogs

that have already developed arthritis and clinical symp-

toms, these can be managed surgically or medically,

with medications, weight reduction and other therapies

[136–138]. Because of the genetic basis of the disorder,

the ideal approach to eliminating it is to neuter those dogs

that carry the predisposing genes, if they can be identified

prior to breeding [139, 140].

A number of studies have found a large majority of

spontaneous femoral capital physeal fractures in cats

occur in obese neutered males [141–144]. It is clear that

neutering delays closure of the growth plates in male cats

[145], and so it may be an independent risk factor for

such fractures, though neutering also increases the inci-

dence of obesity, and the relative contribution of obesity

and neutering to the risk of these fractures has not been

elucidated.

Behavioural Risks

Though neutering has generally been associated with a

decreased incidence of some kinds of aggression, there

is also limited evidence that it may be associated with

an increase in some aggressive behaviour. A number of

studies of dogs referred for treatment of behaviour pro-

blems have identified a higher proportion of spayed

than intact females among animals exhibiting aggression

[75, 77]. Another study, in which breed club members

were surveyed and an open-access web-based owner

survey was conducted, found more aggression towards

humans and other dogs in spayed than intact females

[146]. However, without matched control groups or

information about the ratio of intact and neutered male

and female dogs in the general populations from which the

study subjects were drawn, it is not possible to definitively

assess if neutering is associated with more aggression in

females, or whether any such association might be causal.

Another study found that if female dogs under 6

months of age showed human-directed aggression prior

to being spayed, this aggression became worse after

ovariohysterectomy, though aggressive behaviours were

not observed in those females who were spayed and had

not shown aggressive tendencies prior to the procedure

[147]. However, there were differences between the

control group and the spayed dogs in addition to having

surgery, which make it difficult to generalize from these

results.

One survey of Springer Spaniel owners identified more

owner-directed aggression reported in dogs that were

neutered than in intact dogs [148]. How reliable such an

owner survey might be or how applicable to other breeds,

is unclear.

One study found female German Shepherds who

were neutered were more reactive to the presence of
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unfamiliar humans and dogs than were intact dogs [149].

Another study found neutered dogs to be more active

than intact dogs and castrated males to be more excitable

than intact males, but found no other measurable behav-

ioural differences between the groups [150]. The clinical

significance or applicability of these findings to behaviour

problems is unclear.

One study has examined the relationship between

neutering and the development of age-related behavioural

changes thought to be similar to Alzheimer’s disease or

other forms of senile dementia in humans [151]. Such

changes are relatively common, being reported in 28%

of dogs at 10–12 years old and 68% of dogs at 15–16 years

old [152]. When multiple comparisons were made be-

tween intact males, castrated males and spayed females

(no intact females were included in the study), the only

association found was that when castrated male and

spayed female dogs were combined and compared with

sexually intact males, the percentage of intact males that

progressed from mild to severe cognitive impairment was

significantly lower than the percentage of neutered dogs

that progressed [152]. It is unlikely that this limited finding

has great significance in terms of the overall risk for the

development of cognitive dysfunction in neutered or

intact dogs.

Miscellaneous Risks

Urinary incontinence is common in middle-aged to older

spayed female dogs, with a reported incidence of 5–30%.

Rates are lower in small dogs and higher in large breed

dogs [9, 153–156]. Medical treatment is reported to

successfully control the symptoms in 65–75% dogs

[153, 157, 158].

Two retrospective reports, one of dogs with persistent

urinary tract infections and one very large study of nearly

11 000 dogs with uroliths removed and submitted to a

university laboratory for analysis, found spayed females to

be at an increased risk for urinary tract infections com-

pared with intact females [159, 160]. However, one case-

control study of 78 dogs with naturally acquired urinary

tract infections did not find such a relationship [161]. No

association with urinary tract infections has been found

for the neutering of male dogs [159]. The majority of

uncomplicated urinary tract infections can be successfully

resolved with antibiotic treatment.

Feline Lower Urinary Tract Disease (FLUTD) is a col-

lection of symptoms ranging from mild haematuria and

stranguria to potential life-threatening urinary tract ob-

struction [162]. Causes include idiopathic interstitial

cystitis, urinary tract infection, urolithiasis and neoplasia

[162]. FLUTD has been reported to occur in 1.3–4.6%

cats in private practice and 7–8% cats in veterinary teach-

ing hospitals [3, 163]. While some studies have found no

association between FLUTD conditions and neutering

[8, 164], and it does not appear that neutering affects

the size of the urethra in male cats (a possible risk factor

for obstruction) [165], several epidemiologic studies have

found that neutering status does raise the risk of some

causes of FLUTD [166, 167]. Castrated males were at an

increased risk compared with intact males for all causes

of FLUTD except for infection and urinary incontinence.

Spayed females had an increased risk for urolithiasis,

urinary tract infections and urinary tract tumours, but not

other causes of FLUTD. Intact females had a decreased

risk for most causes [167]. While most cases of FLUTD

are treatable and not life-threatening, urinary tract

obstruction in males is a very serious condition. This

occurred in about 12% cats with FLUTD symptoms, and

the risk is higher in castrated male cats [167, 168].

Hypothyroidism is usually due to autoimmune thyr-

oiditis or idiopathic thyroid atrophy [169, 170]. It occurs

in an estimated 0.2–0.3% dogs [171, 172]. An epidemi-

ologic survey of 3206 dogs diagnosed with hypothyroid-

ism at veterinary teaching hospitals, and a much smaller

study of 66 dogs with hypothyroidism confirmed by

thryotropin stimulation testing, both found that neutered

dogs are at higher risk than intact dogs for developing

hypothyroidism [171, 172]. However, one study of 136

dogs referred to a veterinary teaching hospital for sus-

pected hypothyroidism found no difference in neuter

status between those confirmed by thyrotropin stimu-

lation testing to be hypothyroid and those in which the

diagnoses was excluded [173]. Supplementation of thyroid

hormone resolves the disease symptoms in most cases

[172, 174].

Diabetes mellitus is a multifactorial disease that has a

variety of manifestations and sequelae. Incidence in cats

has been reported from 0.08 to 2%, with Burmese cats

having a higher rate of occurrence than other breeds or

mixed-breed cats [175–178]. Incidence in dogs is esti-

mated at 0.19–0.64%, with significant breed variations

[179, 180]. Diabetes is more common in male cats than

females, and neutering is associated with an increased risk

of diabetes in both male and female cats in some studies

[176]. However, when age and weight are controlled for

no effect of neutering is seen in other studies [178]. In

dogs, diabetes is often reported to be more common in

females than males [180, 181] though this is not found

in all populations [177].

Castrated males were at a higher risk for diabetes than

intact males in one study, though weight was not con-

trolled for [182]. Some authors have suggested that intact

females may be at a greater risk of diabetes because of

the antagonistic effects of ovarian hormones on insulin,

and spaying is an important part of regulating diabetes

in female dogs [177]. Obesity is clearly a risk factor for

diabetes in cats, though there is some debate about

whether this is true in dogs, and since neutered animals

are prone to be heavier than intact animals matched by

breed and age, this may be a confounding factor creating

the appearance of a direct effect of neutering on diabetes

risk [175–177, 180, 181]. Diabetes is a serious chronic
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disease that can often be managed for long periods but

cannot be cured.

Pancreatitis can manifest as a chronic or acute disease

with varying degrees of severity and multifactorial causa-

tion [183]. The true incidence of pancreatitis is unknown,

and although autopsy surveys have found evidence of

inflammation in anywhere from less than 1% to more than

50% of dog pancreases, no study has reported the true

incidence of clinical pancreatitis [184–186]. In dogs, there

is some evidence that neutered animals may be at higher

risk than intact animals for acute pancreatitis [187, 188].

Obesity is a common and growing clinical problem in

dogs and cats. Though clear and consistent definitions

do not exist, various reports have suggested that among

dogs 18–44% are overweight and 2.9–7.6% are obese

[189–191]. Among cats, an estimated 19–40% are over-

weight and 7.8% are obese [192–194]. Being overweight

is a significant risk factor for many serious diseases

[178, 195–197]. Almost all studies agree that neutered

cats and dogs are more likely to be overweight or obese

than intact cats and dogs [189–191, 193–195, 198–204].

However, the exact relationship between neutering and

excess body weight has not been clearly established.

Some studies have indicated that neutered animals have

a lower metabolic rate [205–208]. But other studies,

which control for the proportion of lean body mass and

fat in subjects, have found comparable metabolic rates in

intact and neutered animals [202–204, 209]. There is

evidence that neutered animals may gain excess weight

because they eat more and expend less energy than intact

animals despite having the same resting metabolic rate

[83, 200, 204, 206, 207]. There are also many other risk

factors for obesity, including sex, breed and variables

associated with owners and their habits, that affect the

chances of an animal becoming overweight regardless of

whether it is neutered or intact [189, 194, 195, 210].

It is clear that obesity is preventable. Proper restriction

of total calorie intake is all that is necessary to prevent

obesity regardless of neuter status [189, 195].

Optimal Age for Neutering

For decades, the traditional age for neutering dogs and

cats in the USA has been 6–9 months. There is no clear

scientific basis for choosing this age, and it has been

suggested that the practice arose as a response to

anaesthetic mortality in younger animals in the first half of

the twentieth century [8]. Anaesthetic procedures have

evolved dramatically since that time, and it has since been

demonstrated that not only is the procedure safe in

puppies and kittens 7–12 weeks of age, but these younger

patients actually recover faster and have fewer com-

plications than those neutered at the traditional age

[84, 103, 211].

One large-scale (775 cats and 1213 dogs) trial found

no significant differences in the week immediately after

surgery between cats and dogs neutered at the traditional

age and earlier, apart from more minor surgical compli-

cations in the traditional age group [103]. Another study

followed 31 kittens neutered at 7 weeks and at 7 months

for 1 year and found no differences in any measures of

behavioural or physical development [84]. Two large

retrospective cohort studies followed puppies (n=269)
and kittens (n=263) adopted from shelters and neutered

before or after 24 weeks of age for approximately 3 years

[212, 213]. Of the numerous measures of health, be-

haviour and relationship with owner examined in cats,

the only difference detected was a greater incidence of

urinary tract problems in the cats neutered at the tradi-

tional age [212]. In the canine study, puppies neutered

earlier than 24 weeks did have a higher rate of infections,

primarily parvovirus. This may have been due to differ-

ences in the management policies of the two shelters

in which the subjects were neutered, since the rate of

parvovirus infections was higher at the shelter where

most of the early neutered animals were spayed or

castrated [213]. Dogs in the traditional-neuter age group

had more gastrointestinal problems than dogs in the early

neutered group [213]. Interestingly, there was no differ-

ence in the incidence of urinary incontinence in female

dogs in this study, which contrasts with an owner survey

study of 206 dogs that found urinary incontinence oc-

curred twice as often in females spayed after their first

heat as those spayed before having a heat cycle [156].

A different group of researchers reported two very

similar retrospective cohort studies following over 1800

dogs and 1600 cats adopted from shelters after being

neutered (either before or after 5.5 months of age) for an

average of 4–4.5 years, but as long as 11 years in some

cases, and examined numerous behavioural and medical

outcomes [9, 11]. For dogs, 7 out of 14 behavioural

measures appeared affected by age at neutering, with early

neutering worsening 3 problem behaviours and im-

proving 4. Animals in the early neutered group exhibited

higher rates of noise phobia and sexual behaviours.

The early neutered group also exhibited less separation

anxiety, fearful urination in the house and escaping. Early

castrated males (but not spayed females) showed more

aggression towards humans in the household and more

barking. When only problems considered by owners to be

serious were analysed, the reduced risk of escaping for

the early neutered group was the only behaviour still

significantly associated with age at neutering [9].

Of the medical conditions monitored, four were sig-

nificantly associated with age at neutering. Dogs neutered

early had higher rates of hip dysplasia, though the dys-

plasia seen in the traditional-age group was clinically

worse and this group was far more likely to be euthanized

for the problem than the early neutered group. Rates of

cystitis and urinary incontinence were higher for females

neutered before 5.5 months of age. The early neutered

group had lower rates of respiratory infections but

higher rates of parvoviral infection. And finally, the early
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neutered group had a lower rate of obesity than those

dogs neutered at the traditional age. The remaining 43

outcome measures studied showed no difference

between the two groups [9].

In the feline study, early neutering increased shyness

around strangers for both sexes, and it increased hiding

behaviour for males but not females. Early neutered cats

showed less hyperactivity, and early neutered males

showed less aggression towards veterinarians, less urine

spraying and fewer sexual behaviours. There may also

have been a decreased rate of scratching furniture in early

neutered cats, but these cats were more likely to have

been declawed, so the effect may be an artefact. When

only problems considered serious were analysed, none of

these behaviours was significantly associated with age at

the neuter status [11].

Early neutered cats experienced lower rates of asthma

and gingivitis, and males experienced fewer abscesses in

the first 5–6 years after neutering. Cats neutered early

may have experienced lower rates of cancer, but when

only malignancies confirmed by a veterinarian were con-

sidered this effect was not significant. For the other 38

outcome measures studied, no difference between the

groups was observed [11].

Considering the very large number of medical and

behavioural conditions examined in the four retrospective

studies of shelter animals, a few statistically significant

associations were found. It is likely that with so many

variables compared between groups some of these associ-

ations are spurious, and firm conclusions about a causal

relationship between age at neuter and any given medical

or behavioural conditions should not be made without a

plausible biological mechanism and corroborating infor-

mation from other studies. There were some differences

in the specific associations identified by the two research

groups. Despite similar methodologies and source popu-

lations, it is possible that these differences reflect true

differences in the populations studied or the evaluation

methods. However, if some of the associations identified

are because of Type-I error, it would be expected that

different studies would identify different spurious associ-

ations. Consistency between studies in identifying specific

associations would strengthen the hypothesis that such

associations are truly causal.

Table 1 Effects of spaying on females. See text for more detail on incidence and clinical significance of specific conditions

Condition
How
common?

How
serious?

Effect of
spaying

Species
affected Comments

Unwanted litters Very common Very Prevents Dog and cat Significant pet overpopulation and
associated euthanasia

Risks of reproduction Uncommon Variable Prevents Dog and cat Dystocia, brucellosis, diabetes,
others; risk of dystocia can be
high for certain breeds

Mammary neoplasia Very common Very #Dramatically Dog and cat Generally poor prognosis
Pyometra Very common Very Prevents Dog and cat
Uterine neoplasia Rare Variable Prevents Dog and cat Some benign/removable, some

malignant
Ovarian neoplasia Uncommon Variable Prevents Dog and cat
Vaginal/Vulvar
neoplasia

Uncommon Moderate #Dramatically

dog
Osteosarcoma Uncommon Very Possibly " Dog Rare in most breeds, common in

a few breeds
Haemangiosarcoma Uncommon Very " Dog Rare in most breeds, common in

a few breeds
Transitional cell
carcinoma

Uncommon Very " Dog Incidence varies by breed

Cruciate ligament
disease

Common Moderate " Dog Incidence varies by breed,
surgically treatable

Hip dysplasia Common Variable Probably " Dog Rare in most breeds, common in
a few breeds

Aggressive behaviour Common Very Possibly " Dog and cat
Urinary incontinence Very common Mild " Dog Medically controllable in 65–75%

of cases
Urinary tract infection Common Moderate Possibly " Dog Easily treatable in most cases
Hypothyroidism Uncommon Moderate Possibly " Dog Easily treatable
Diabetes mellitus Uncommon Very Possibly " Dog and cat Incidence varies by breed
Acute pancreatitis Uncommon Very Possibly " Dog
Obesity Common Very " Dog and cat Easily prevented by calorie

restriction
Longevity – – Possibly " Dog and cat Spayed females may live longer

than intact females

#=decreases/reduces, "=increase/exacerbates.
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Conclusions

It is apparent that spaying and castration have benefits for

the pet population in general and both benefits and risks

for individual dogs and cats. It is impossible to predict

the precise outcome of neutering for any individual given

the numerous and interacting aetiological factors involved

in most serious behavioural and medical conditions.

Any decision to neuter a particular pet must include

consideration of individual circumstances and the values

and goals of the owner as well as the risks and benefits

identified by epidemiologic data. However, these research

data do allow some cautious generalization about the mag-

nitude and clinical importance of specific risks and benefits

associated with neutering.

In females, spaying reduces or eliminates the risk of

several common, serious disorders, including mammary

neoplasia and pyometra, and eliminates the inconvenience

and risk associated with oestrus and reproduction for

both cats and dogs. It appears to increase the risk of a

number of medical and behavioural conditions; however,

many of these are either relatively uncommon or easily

treated, and the absolute risk often varies markedly by

breed. When the totality of the scientific evidence is

considered, it appears justified to recommend spaying

for most females not intended for breeding, because the

procedure is more likely to prevent rather than cause

disease. Table 1 summarizes the effects of spaying on

females. Because the evidence is complex, such a short-

hand summary can be a useful reference; however, it is

necessarily an oversimplified representation that cannot

convey the full complexity and ambiguity of the data.

In male dogs, the individual benefits of castration are

not so clearly greater than the risks as they are for fe-

males. Males may be more likely to benefit than to be

harmed by castration, but the balance of the evidence is

close. The population benefits, of course, argue in favour

of routine neutering of male dogs. For male cats, however,

neutering confers more benefit than harm. Table 2 sum-

marizes the effects of castration on males. Again, this is

intended only as a convenient reference to the more

detailed, nuanced information presented in the text.

The evidence is mixed regarding the risks and benefits

of neutering dogs before 5–6 months of age, and so no

strong recommendation for or against the practice can

be made. The lack of clear and consistent associations

between age at neutering and particular medical or be-

havioural outcomes despite several large studies suggests

that there are unlikely to be many effects of great clinical

significance for dogs or cats in general that are attribu-

table to age at neutering. However, it is clear that spaying

female dogs before their first heat is preferable to spaying

Table 2 Effects of castration on males. See text for more detail on incidence and clinical significance of specific conditions

Condition
How
common?

How
serious?

Effect of
castration

Species
affected Comments

Unwanted litters Very common Very Prevents Dog and cat Significant pet overpopulation and
associated euthanasia

Testicular neoplasia Uncommon Moderate Prevents Dog Most benign and surgically removable
Prostate disease Very common Variable #Dramatically Dog Some have few symptoms others

have severe, chronic disease
Behaviour problems Common Variable Variable Dog and cat Conflicting studies; most report less

aggression, roaming, urine marking
Perineal hernias Uncommon Moderate # Dog Can often be repaired surgically
Perianal fistulas Uncommon Moderate # Dog Incidence varies by breed, some

respond well to treatment others are
serious chronic problem

Prostatic neoplasia Uncommon Very Probably " Dog Poor prognosis
Osteosarcoma Uncommon Very Possibly " Dog Rare in most breeds, common in a

few breeds
Haemangiosarcoma Uncommon Very " Dog Rare in most breeds, common in a

few breeds
Cruciate ligament
disease

Common Moderate " Dog Incidence varies by breed, surgically
treatable

Hip dysplasia Common Variable Probably " Dog Rare in most breeds, common in a
few breeds

Femoral physeal
fracture

Uncommon Moderate Possibly " Cat Obesity may be confounding factor

Hypothyroidism Uncommon Moderate Possibly " Dog Easily treatable
Diabetes mellitus Uncommon Very Possibly " Dog and cat Incidence varies by breed
Acute pancreatitis Uncommon Very Possibly " Dog
Obesity Common Very " Dog and cat Easily prevented by calorie restriction
Longevity – – Possibly " Dog and cat Castrated males may live longer than

intact males

#=decreases/reduces, "=increase/exacerbates.
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them after this event, primarily because of the impact on

the risk of mammary neoplasia.

There are many areas in which a greater quantity and

quality of data would aid in evaluating the significance

of specific risk and benefits associated with neutering.

Establishing the true prevalence of many conditions poten-

tially affected by neutering would be helpful in evaluating

the importance of the effects of neutering on the relative

risk of these conditions. Establishing that associations

between neuter status and specific outcomes are truly

causal, by confirming such associations inmultiple studies of

adequate size and quality, by investigating putative under-

ling biologic mechanisms and by conducting experimental

studies where feasible, would make it possible to know if

these associations are truly relevant when making recom-

mendations concerning neutering. And the clinical signifi-

cance of these associations must be considered. Common

and serious conditions prevented or caused by neutering

clearly have more clinical importance than rare and minor

or easily treated conditions. Finally, this information must

be made available in a clear and accessible form to veter-

inarians and, through them, to pet owners.

It is critical to integrate relevant research evidence with

the unique circumstances of each pet and owner when

making recommendations concerning neutering. The evi-

dence is complex and often inconclusive, so unambiguous

predictions about outcomes for individual patients are

rarely justified. There is, unfortunately, a tendency for lay

people and veterinarians alike to react to the complexity

and uncertainty of the research data by making broad

generalizations or by sticking to habit and tradition.

However, our pets are better served by a judicious and

thoughtful evaluation of the quality and significance of

existing and new data in the light of individual circum-

stances and the characteristics of each animal.

References

1. Howe LM. Surgical methods of contraception and

sterilization. Theriogenology 2006;66(3):500–9.

2. Kutzler M, Wood A. Non-surgical methods of contraception

and sterilization. Theriogenology 2006;66(3):514–25.

3. Lund EM, Armstrong PJ, Kirk CA, Kolar LM, Klausner JS.

Health status and population characteristics of dogs and cats

examined at private veterinary practices in the United States.

Journal of the American Veterinary Medical Association

1999;214:1336–41.

4. Poss JE, Bader JO. Attitudes toward companion animals

among Hispanic residents of a Texas border community.

Journal of Applied Animal Welfare Science 2007;10(3):

243–53.

5. Perrin T. The business of urban animals survey: The facts

and statistics on companion animals in Canada. Canadian

Veterinary Journal 2009;50:48–52.

6. Blackshaw JK, Day C. Attitudes of dog owners to neutering

pets: demographic data and effects of owner attitudes.

Australian Veterinary Journal 1994;71(4):113–6.

7. Spain CV, Scarlett JM, Cully SM. When to neuter dogs

and cats: a survey of New York state veterinarians’ practices

and beliefs. Journal of the American Animal Hospital

Association 2002;38(5):482–8.

8. Root Kustritz MV. Determining the optimal age for

gonadectomy of dogs and cats. Journal of the American

Veterinary Medical Association 2007;231(11):1665–75.

9. Spain CV, Scarlett JM, Houpt KA. Long-term risks and

benefits of early-age gonadectomy in dogs. Journal of the

American Veterinary Medical Association 2004;224(3):380–7.

10. Reichler IM. Gonadectomy in cats and dogs: a review

of the risks and benefits. Reproduction in Domestic Animals

2009;44(2, Suppl.):29–35.

11. Spain CV, Scarlett JM, Houpt KA. Long-term risks and

benefits of early-age gonadectomy in cats. Journal of

the American Veterinary Medical Association

2004;224(3):372–9.

12. Zink C. Early spay-neuter considerations for the canine

athlete: one veterinarian’s opinion; 2005. Available from:

URL: http://www.caninesports.com/SpayNeuter.html

(accessed 12 February 2009).

13. Howe LM. Rebuttal to “Early spay-neuter considerations

for the canine athlete”; 2005. Available from: URL: http://

www.columbusdogconnection.com/Documents/

PedRebuttal%20.pdf (accessed 12 February 2009).

14. Sanborn LJ. The long-term health effects of spay/neuter in

dogs; 2007. Available from: URL: http://www.naiaonline.org/

pdfs/LongTermHealthEffectsOfSpayNeuterInDogs.pdf

(accessed 12 February 2009).

15. Orzeszko G, Orzeszko K. Should I spay or should I no?

The pros and cons of neutering; 2007. Available from: URL:

http://users.lavalink.com.au/theos/Spay-neuter.htm

(accessed 12 February 2009).

16. Cockcroft PD, Holmes MA. Handbook of Evidence-Based

Veterinary Medicine. Blackwell Publishing, Oxford, UK; 2003.

17. Trevejo RT. A small animal clinician’s guide to critical

appraisal of the evidence in scientific literature. Veterinary

Clinics of North America: Small Animal Practice

2007;37(3):463–75.

18. Schwarz LM, Woloshin S, Dvorin EL, Welch HG. Ratio

measures in leading medical journals: structured review of

accessibility of underlying absolute risks. British Medical

Journal 2006;333(7581):1248.

19. Vandenbrouke JP, von Elm E, Altman DG, Gøtzsche PC,

Mulrow CD, Pocock SJ, et al. Strengthening the reporting

of observational studies in epidemiology (STROBE):

explanation and elaboration. Epidemiology

2007;18(6):805–35.

20. Clancy EA, Rowan AN. companion animal demographics

in the United States: a historical perspective. In: Salem DJ,

Rowan AN, editors. The State of the Animals II. Humane

Society Press, Washington, DC; 2003. p. 9–26.

21. Olson PN, Moulson C. Pet (dog and cat) overpopulation in the

United States. Journal of Reproduction and Fertility

1993;47(Suppl.):433–8.

22. Mahlow JC. Estimation of the proportions of dogs and cats

that are surgically sterilized. Journal of the American

Veterinary Medical Association 1999;215(5):640–3.

23. New JC. Characteristics of shelter-relinquished animals

and their owners compared with animals and their owners in

http://www.cabi.org/cabreviews

Brennen McKenzie 11



U.S. pet-owning households. Journal of Applied Animal

Welfare Science 2000;3(3):179–201.

24. Patronek GJ, Glickman LT, Beck AM, McCabe GP, Ecker C.

Risk factors for relinquishment of dogs to an animal shelter.

Journal of the American Veterinary Medical Association

1996;209(3):572–81.

25. Zawistowski S, Morris J, Salman MD, Ruch-Gallie R.

Population dynamics, overpopulation, and the welfare of

companion animals: new insights on old and new data.

Journal of Applied Animal Welfare Science

1998;1(3):193–206.

26. Salman MD, New JG, Scarlett JM, Kris PH. Human and

animal factors related to the relinquishment of dogs and cats

in 12 selected animal shelter I the United States. Journal

of Applied Animal Welfare 1998;1(3):207–26.

27. Jessup DA. The welfare of feral cats and wildlife. Journal

of the American Veterinary Medical Association

2004;225(9):1377–83.

28. Slater MR. Understanding issues and solutions for unowned,

free-roaming cat populations. Journal of the American

Veterinary Medical Association 2004;225(9):1350–4.

29. Levy JK. Humane strategies for controlling feral cat

populations. Journal of the American Veterinary Medical

Association 2004;225(9):1354–60.

30. Stoskopf MK. Analyzing approaches to feral cat

management-one size does not fit all. Journal of the

American Veterinary Medical Association

2004;225(9):1361–64.

31. Carmichael LE, Greene CE. Canine brucellosis. In: Greene

CE. Infectious Diseases of the Dog and Cat, 3rd edn.

WB Saunders, Philadelphia, PA; 2006. p. 369–81.

32. Nassar R, Mosier JE. Feline population dynamics: a study

of the Manhattan, Kansas, feline population. American

Journal of Veterinary Research 2001;43(1):167–70.

33. Budke CM, Slater MR. Utilization of matrix population

models to assess a 3-year single treatment nonsurgical

contraception program versus surgical sterilization in feral cat

populations. Journal of Applied Animal Welfare Science

2009;12(4):277–92.

34. World Organization for Animal Health (OIE). Guidelines on

stray dog population control. Chapter 7.7 of Terrestrial Health

Code 2009. Available from: URL: http://www.oie.int/eng/

normes/mcode/en_chapitre_1.7.7.htm (accessed 3 October

2010).

35. Reece JF, Chawla SK. Control of rabies in Jaipur, India,

by the sterilization and vaccination of neighborhood dogs.

Veterinary Record 2006;159(12):379–83.

36. Rupprecht CE, Hanlon CA, Slate D. Control and prevention

of rabies in animals: paradigm shifts. Developments in

Biologicals 2006;125:103–11.

37. Amaku M, Augusto Dias R, Ferreira F. Canine population

dynamics: potential effects of sterilization campaigns. Revista

Panamericana de Salud Pulblica 2009;25(4):300–4.

38. Panda AK, Thakur SD, Katoch RC. Rabies: control strategies

for the Himalayan states of the Indian subcontinent. Journal

of Communicable Diseases 2008;40(3):169–75.

39. Imnadze P, Surguladze V, Tushishvili T, Baidoshvili L. Rabies

control and prevention in Georgia: current status and

perspectives. Developments in Biologicals 2008;131:387–91.

40. Forsberg CL, Persson G. A survey of dystocia in the Boxer

breed. Acta Veterinaria Scandinavica 2007;21:49–58.

41. Bergstrom A, Nødtvedt A, Lagerstedt AS, Egenvall A.

Incidence and breed predilection for dystocia and risk

factors for cesarean section in a Swedish population of

insured dogs. Veterinary Surgery 2006;35(8):786–91.

42. Gunn-Moore DA, Thrushfield MV. Feline dystocia:

prevalence and association with cranial conformation and

breed. Veterinary Record 1995;136(14):350–3.

43. Johnston SD, Root Kustritz MV, Olson PNS. Canine and

Feline Theriogenology. WB Saunders, Philadelphia, PA;

2001. p. 80–7.

44. Lana SE, Rutteman GR, Winthrow SJ. Tumors of the

mammary gland. In: Winthrow SJ, Vail DM, editors. Withrow

and MacEwen’s Small Animal Clinical Oncology, 4th edn.

WB Saunders Elsevier, St. Louis, MO; 2007. p. 619–36.

45. Moe L. Population-based incidence of mammary tumors in

some dog breeds. Journal of Reproduction and Fertility

2001;57:439–43.

46. Dobson JM, Samuel S, Milstein H, Rogers K, Wood JL.

Canine neoplasia in the UK: estimates of incidence from a

population of insured dogs. Journal of Small Animal Practice

2002;43(6):240–6.

47. Egenvall A, Bonnett BN, Ohagen P, Olson P, Hedhammar A,

von Euler H. Incidence of and survival after mammary

tumors in a population of over 80,000 insured female dogs

in Sweden from 1995 to 2002. Preventative Veterinary

Medicine 2002;69:109–27.

48. Overly B, Shofer FS, Goldschmidt MH, Sherer D, Sorenmo

KU. Association between ovariohysterectomy and feline

mammary carcinoma. Journal of Veterinary Internal Medicine

2005;19(4):560–3.

49. Hayes HM Jr., Milne KL, Mandell CD. Epidemiologic features

of feline mammary carcinoma. Veterinary Record

1981;108(22):476–9.

50. Sorenmo KU, Shofer FS, Goldschmidt MH. Effect of spaying

and timing of spaying on survival of dogs with mammary

carcinoma. Journal of Veterinary Internal Medicine

2000;14:266–70.

51. Schneider R, Dorn CR, Taylor DO. Factors influencing

canine mammary cancer development and postsurgical

survival. Journal of the National Cancer Institute

1969;43:1249–61.

52. Nelson RW, Feldman EC, Stabenfeldt GH. Treatment of

canine pyometra and endometritis with prostaglandin

F2alpha. Journal of the American Veterinary Medical

Association 1982;181:899–903.

53. Myers-Wallen VN, Goldschmidt MH, Flickinger GL.

Prostaglandin F2alpha treatment of canine pyometra.

Journal of the American Veterinary Medical Association

1986;189:1557–61.
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