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Abstract

German Shepherd Dogs are important in police and military work, and are a popular family pet. The debili-
tating joint disorders of hip dysplasia, cranial cruciate ligament tear (CCL) and elbow dysplasia can shorten
a dog’s useful working life and impact its role as a family member. For this study, veterinary hospital records
were examined over a 14.5-year period on 1170 intact and neutered (including spaying) German Shepherd
Dogs for joint disorders and cancers previously associated with neutering. The diseases were followed
through 8 years of age, with the exception of mammary cancer (MC) in females that was followed through
11 years. The cancers followed, apart from mammary, were osteosarcoma, lymphoma, hemangiosarcoma and
mast cell tumour. In intact males, 7% were diagnosed with one or more joint disorders, while in males neu-
tered prior to a year of age, a significantly higher 21% were diagnosed with one or more joint disorders. In
intact females, 5% were diagnosed with one or more joint disorders, while in females neutered prior to a
yearrofragenthissmeasurenwasisignificantlyrincreasedntonl6%. The increased joint disorder incidence mostly
associated with early neutering was CCL. MC was diagnosed in 4% of intact females compared with less
than 1% in females neutered before 1 year. The occurrence of the other cancers followed through 8 years of
age was not higher in the neutered than in the intact dogs. Urinary incontinence, not diagnosed in intact
females, was diagnosed in 7% of females neutered before 1 year, a significant difference. These findings, pro-
filing the increase in joint disorders associated with early neutering, should help guide the timing of neutering
for this breed.
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. joint disorders, namely, hip dysplasia (HD), cranial
Introduction jom
cruciate ligament tear or rupture (CCL) and elbow

The practices of spaying female and neutering male
dogs, both referred to herein as neutering, have
become routine in the U.S. in the last three decades
(Trevejo et al. 2011). In Europe, the practice of neu-
tering varies among countries. Increasingly, in the
U.S., neutering is being performed prior to 6 months,
as commonly advocated by both veterinarians and
shelter personnel. The basis of this perspective is
mostly in the interest of pet population control.
Neutering, however, especially in the first year,
can come with its costs with regard to debilitating

dysplasia (ED). Across several breeds, a study of
CCL found that neutered males and females were
two to three times more likely than intact dogs to
have this disorder (Witsberger et al. 2008). The same
study also found a lesser, but significant, increase in
HD in neutered compared with intact dogs. Neuter-
ing has also been shown to be associated with a
threefold increase in excessive tibial plateau angle —
a known risk factor for CCL (Duerr et al. 2007). Our
recent studies on the effects of neutering in Golden
and Labrador Retrievers (Torres de la Riva et al
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2013; Hart et al. 2014) showed an increase in the inci-
dence of one or more of these joint disorders, in
male and female Golden Retrievers, to 4-5 times the
5% occurrence in intact dogs, and in male and
female Labrador Retrievers, a doubling of the 5%
incidence of intact dogs.

An increase in some cancers sometimes is also of
concern with neutering, particularly with osteosar-
coma (OSA), hemangiosarcoma (HSA), lymphoma
(LSA) and mast cell tumours (MCT). A study on
OSA in several breeds found a twofold increase in
neutered dogs relative to intact dogs (Ru et al. 1998).
In spayed females, cardiac HSA was reported to be
four times greater than that in intact females (Ware
& Hopper 1999), and in spayed females splenic HSA
was reported at two times greater than in intact
females (Prymak et al. 1988). The occurrence of
LSA was found to be higher in spayed than in intact
females (Villamil et al. 2009). Cutaneous MCT, as
studied in several dog breeds, was four times greater
than that of intact females in neutered females
(White et al. 2011).

In our studies involving the Golden Retriever
(Torres de la Riva et al. 2013; Hart et al. 2014), we
found that neutering at all neuter periods through
8 years of age increased the rate of at least one of
the cancers by 3-4 times. Two other recent studies
have also profiled the association of neutering with
the occurrence of these cancers. A study utilising the
U.S. nationwide Veterinary Medical Database found
that neutered males and females were more likely to
die of a cancer than intact dogs (Hoffman et al.
2013). A second study, utilising web-based, owner-
reported disease occurrence in Vizslas, reported the
incidence of cancers was higher in neutered dogs
than in intact dogs (Zink et al. 2013). In the above
papers, the occurrence of mammary cancer (MC)
was low in females left intact, and not significantly
reduced by neutering.

Drawing from the same database as used with the
retrievers mentioned above (Torres de la Riva et al.
2013; Hart et al. 2014), the goal of this study was to
statistically evaluate the relationships of neutering at
different age periods with regard to the occurrence
of major joint disorders, and the cancers mentioned
above, in German Shepherd Dogs.

Methods

Study parameters

Using data from the computerised veterinary hospi-
tal records of the University of California-Davis,
Veterinary Medical Teaching Hospital (VMTH), this
study retrospectively examined the occurrence of
joint disorders and cancers in male and female Ger-
man Shepherd Dogs left intact and those neutered in
the periods of <6 months, 6-11 months, 1 year (12—
23 months) and 2-8 years. Joint disorders and can-
cers, except for MC, were tracked through the first
8 years of the dog’s life. The reason that 8 years of
age was chosen for the cut-off is that beyond 9 years
of age, one could argue that the influence of neuter-
ing is fading and other, ageing-associated factors,
such as inflammation, start to play a more influential
role. With MC, most cases are diagnosed after
8 years of age, with the median age of diagnosis
being 10.1 years in one study (Cohen et al. 1974), so
we tracked this disease in females through 11 years.
The occurrences of urinary incontinence (UI) and
pyometra (PYO) in females were tracked through
8 years.

No animal care and use committee approval was
required because, in conformity with the campus pol-
icy, faculty of the School of Veterinary Medicine are
allowed use of the record system for research pur-
poses. Strict confidentiality of the owners and their
dogs was maintained.

Data collection and presentation

The VMTH is a primary care facility, as well as a
secondary and tertiary care centre for referral
cases. This hospital has a very large database, cur-
rently with approximately 50 000 cases per year.
The subjects included were gonadally intact and
neutered female and male German Shepherd Dogs
admitted to the hospital between January 1, 2000
and June 30, 2014, representing 14.5 years of data.
All cases of German Shepherd Dogs with informa-
tion on date of birth, neuter status and age at neu-
tering (if neutered) were included in the study.
Extensive review of this database revealed that
only 4% of 460 intact males and 14% of the 172
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intact females were reported by the owner to be
used for breeding.

As mentioned, age at neutering was categorised as
<6 months, 6-11 months, 1 year (12 to <24 months)
and 2-8 years (2 to <9 years). For some analyses, the
cases for both <6 months and 6-11 months neuter
periods were combined and referred to as early neu-
tered (<12 months), because sometimes early neuter-
ing may refer to less than 1 year or less than
6 months. Only females were examined for MC,
PYO and UL

For all neutered dogs, records were reviewed to
ensure that neutering occurred prior to the first clini-
cal signs or diagnosis of any disease of interest. If a
disease of interest occurred before neutering, the
dog was considered as intact for that specific disease
analysis, but was considered as neutered for a differ-
ent disease that may have occurred after neutering.
If a disease of interest occurred before January 1,
2000 or before 12 months of age, the case was
deleted for that disease.

For cases where the hospital records on referral
cases did not include age at neutering, telephone
calls to the referring veterinarians were made to
obtain the specific neutering dates. Because there
were neutered dogs where age at neutering was not
available from either the record or from the referring
veterinarian and these cases could not be included,
there were proportionately more intact cases in the
final data set than would be expected in general.
Nonetheless, the proportional differences on diseases
between the intact and the various neutered dogs
were not affected by the overrepresentation of intact
dogs in the database.

The complete data set available totalled 1170 cases
with 705 males, of which 245 were neutered and 460
were intact and 465 females, of which 293 were neu-
tered and 172 intact. The number of cases reported
for each disease varied somewhat because, as men-
tioned above, a case could be excluded for one dis-
ease analysis but included for another disease
analysis.

In terms of inclusion criteria, a patient was consid-
ered as having a disease of interest if the diagnosis
was made at the VMTH or by a referring veterinar-
ian and later confirmed at the VMTH. Patients

diagnosed with HD, ED and/or CCL presented with
clinical signs such as difficulty moving, standing up,
lameness and/or joint pain; diagnoses were con-
firmed based on radiographic evidence, orthopaedic
physical examination and/or surgical confirmation.
Diagnoses of the various cancers (LSA, HSA, OSA,
MCT, MC) were accompanied by clinical signs such
as enlarged lymph nodes, lumps on the skin or pres-
ence of masses, and confirmed based on imaging,
appropriate blood cell analyses, chemical panels,
histopathology and/or cytology. PYO was confirmed
by ultrasonic evidence and/or post-surgically after
removal of the uterus. UI was confirmed by clinical
signs, urinalyses and exclusion of other diseases, such
as urinary tract infection. When a diagnosis was
listed in the record as ‘suspected’ based on clinical
signs, but the diagnostic tests were inconclusive, the
case was excluded from the analysis for that specific
disease.

Figure 1 portrays single data points, corresponding
to the various neuter ages, representing the incidence
of dogs diagnosed with at least one joint disorder
(after controlling for multiple diagnoses). The data
for the incidence of individual joint disorders, can-
cers, PYO and UI at different neuter ages, and in
intact dogs, are presented in Tables 1-3.

Body weights and body condition scores (BCS)
are reported to be a factor in the occurrence of
joint disorders (Duval et al. 1999; Combhaire &
Snaps 2008). Body weights are difficult to compare
among dogs because of the confounding factor of
variations in body height, so BCSs were used in
comparing neutered dogs with and without a joint
disorder for those conditions where analyses
showed a significant association between neutering
and the joint disorder. The BCS used by the
VMTH is the standard 1-9 range where a score of
5 is optimal and a score of 9 represents the most
overweight (Baldwin et al. 2010). Typically, the
BCS is assigned at the time of a patient’s visit to
the hospital. The BCSs at the time of diagnosis of
neutered dogs with a joint disorder were compared
with BCSs of neutered dogs without the disorder
at an age that fell within the range representing
80% of the ages of dogs with the disorder at the
time of diagnosis.
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Statistical analyses

A survival analysis was used to compare the
incidence rates of each disease between groups of
animals defined in terms of their age at neutering.
Patients were diagnosed at different ages and with
varying years at risk from the effects of gonadal hor-
mone removal. Animals that were intact at the time
that a disease was diagnosed were treated as intact
for the purposes of the analysis of that disease, even
though they may subsequently have been neutered.
Animals that were neutered prior to diagnosis were
considered at risk for the period between neutering
and diagnosis.

For the survival analyses, Cox proportional hazard
models (Cox 1972; Rothman & Greenland 1998)
were used to test for differences with respect to the
hazard of a disease among the neutered and intact
groups while adjusting for the differences in time at
risk between animals. In instances where the Cox
models had computational issues when there were
zero cases within one or more neutering groups,
those groups were compared using a Kaplan—-Meier
life table analysis (Kalbfleisch & Prentice 1980).
Analyses were run using the SAS software package,
version 9.3. Post hoc comparisons among the sub-
groups were based on least squares means of the haz-
ard within each subgroup.

In the Results section, when significant differences
were found between a neutered and an intact group,
the P-values, based on the proportional hazard mod-
els, and the hazard ratio with 95% confidence inter-
vals (CI) are reported. For all statistical tests, the
two-tailed statistical level of significance was set at
P < 0.05.

Results
Joint disorders, males

Figure 1 and Table 1 present the incidence of dogs
having at least one of the joint disorders. The occur-
rence of at least one joint disorder in intact males
was 6.6%. At neuter age <6 months, at least one of
the joint disorders occurred in 20.8% of the males,
three times that of intact males (Cox: P = 0.0025,

hazard ratio = 4.47 [95% CI = 1.70, 11.80]). At neuter
age 6-11 months, this incidence was 16.4%, more than
double that of intact males (P = 0.0015, hazard
ratio = 3.50 [1.62, 7.57]). Not surprisingly, combining
cases in both of these early neuter periods also revealed
a highly significant increase above that of intact males
(P < 0.0001, hazard ratio = 3.79 [1.95, 7.37)).

As shown in Table 1, the main joint disorder in
intact males was HD, occurring in about 5%. How-
ever, the main joint disorder increased by neutering
in males was CCL. In intact males, CCL occurred in
less than 1%, but for the <6 months and 6-11 months
neuter periods, this joint disorder occurred in 12.5%
and 8.3% of dogs, respectively, significantly higher
than that of intact males (P <0.001, hazard
ratio = 26.16 [5.55, 123.29]) for both periods com-
bined. At neuter period <6 months, HD was higher
than intact males, but not significantly so. The med-
ian age of diagnosis of CCL in neutered males was
5 years, and for HD was 4.5 years. The occurrence of
ED in intact males was about 2%, which was
increased (non-significantly) to 4.4% and 5.3%,
respectively, with the <6 months and 6-11 months
periods. The median age of diagnosis of ED in neu-
tered males was 1.5 years. The median BCSs of neu-
tered males with CCL, HD and ED were all 5.0,
which were the same as the median BCSs of neutered
males without these joint disorders.

Joint disorders, females

Figure 1 and Table 1 portray the incidence of females
having at least one of the joint disorders at different
neuter periods as well as in intact females. The occur-
rence of at least one joint disorder in intact females
was 5.1%. At neuter age <6 months, at least one of
the joint disorders occurred in 12.5% of dogs, more
than double that of the intact females, and at the 6—
11 months neuter age, this incidence increased to
almost 17%, three times that of intact females. Com-
bining cases in both of these early neuter periods
revealed a significant increase above that of intact
females (P = 0.0063, hazard ratio = 3.97 [1.48, 10.71]).

As with intact males, and shown in Table 1, the
main joint disorder of intact females was HD, occur-
ring in about 4%. Also, like males, the main joint
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disorder associated with neutering was CCL. The
occurrence of CCL, which was diagnosed in less than
1% of intact females, occurred in 4.6% of females
neutered at <6 months and in 8.3% in those neutered
at 6-11 months. Combining cases in both of these
early neuter periods for CCL reveals a significant

30 1
= ® Male
(]
g °. OFemale
D 20'
=]
S5 Q:
.5 15 -
g o
P 10 1 .
- = [E—
L I g_h'EciFemale
o]
0

<6 month 6-11 month 1year 2-8year
Neuter age

Fig. | Incidences of the occurrences of at least one joint disorder
in male and female German Shepherd Dogs, as a function of age at
neutering. The horizontal lines show the occurrences in intact males
and females for the same measures. Asterisks adjacent to a point
indicate significant differences from the intact level. The pound sign
next to two adjacent points indicates that, while neutering at the
<6 months and 6—11 months periods alone did not reach signifi-
cance, when cases for the two early neuter periods were combined,
the result was significantly higher than that of intact females. The
main joint disorder associated with neutering was cranial cruciate liga-
ment tear or rupture (Table 1).

Table I. German Shepherd Dog males and females, joint disorders

increase above intact females (P = 0.0328, hazard
ratio = 9.49 [1.20, 74.90]). As with males, the inci-
dence of HD associated with the early neuter periods
increased, but did not reach significance compared
with intact females. The median age of diagnosis of
CCL in neutered females was 6 years, and 3 years
for HD. There was no occurrence of ED in neutered
females, and in the intact females, the occurrence
was less than 1%. The median BCS of neutered
females with HD was 4.5 and for neutered females
without HD was 5. The median BCS of neutered
females with CCL was 5.75 and for neutered females
without CCL was 5.

Cancers, males

The underlying rate of intact males having at least one
of the cancers was about 3%. As revealed in Table 2,
neutering at any age period was not associated with
any evident increase in cancer occurrence above the
level of intact males. With LSA, occurring in 1.5% of
intact males, there was a non-significant increase in
incidence at the <6 months neuter period to 4.2%.

Cancers, females

The occurrence of at least one of the cancers in
intact females was less than 1%. As in males,

Neuter age HD CCL ED At least one
Male <6 months 2123 (8.7) 3/24 (12.5) 1/23 (4.35) 524 (20.83)
Male 6-11 months 3/55 (5.45) 5/60 (8.33) 3/57 (5.26) 9/55 (16.36)
(Male <12 months) 5/78 (6.41) 8/84 (9.52) 4/80 (5) 14/79 (17.72)
Male 1 year 2/58 (3.45) 1/61 (1.64) 2/60 (3.33) 5/58 (8.62)
Male 2-8 years 2/90 (2.22) 1/97 (1.03) 1/99 (1.01) 4/89 (4.49)
Male intact 21/445 (4.72) 3/458 (0.66) 8/456 (1.75) 29/440 (6.59)
Female <6 months 3/41 (7.32) 2/44 (4.55) 0/43 (0) 5/40 (12.5)
Female 6-11 months 6/80 (7.5) 7/84 (8.33) 0/80 (0) 13/77 (16.88)
(Female <12 months) 9/121 (7.44) 9/128 (7.03) 0/123 (0) 18/110 (16.36)
Female 1 year 1/35 (2.86) 0/36 (0) 0/36 (0) 1/35 (2.86)
Female 2-8 years 4/91 (4.4) 1/95 (1.05) 0/96 (0) 5/90 (5.56)

Female intact 6/157 (3.82)

1/159 (0.63)

1/158 (0.63)

8/156 (5.13)

The occurrences of joint disorders are portrayed for the different neuter periods; the periods <6 months and 6-11 months are combined in

the <12 months period, representing early neutering. The columns represent hip dysplasia (HD), cranial cruciate ligament tear or rupture
(CCL), and elbow dysplasia (ED). Shown are number of cases over number in the pool, with percentages given in parentheses. When
bolded the incidence is significantly above that of intact dogs (see text).
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Table 2. German Shepherd Dog males and females, cancers

Neuter age LSA MCT HSA OSA At least one
Male <6 months 124 (4.17) 0/24 (0) 0/24 (0) 0/24 (0) 124 (4.17)
Male 6-11 months 0/60 (0) 0/60 (0) 0/60 (0) 0/60 (0) 0/60 (0)

Male 1 year 1/61 (1.64) 0/61 (0) 0/61 (0) 0/61 (0) 1/61 (1.64)
Male 2-8 years 1/100 (1) 0/99 (0) 0/100 (0) 1/100 (1) 2/99 (2.02)
Male intact 7/452 (1.55) 2/458 (0.44) 3/457 (0.66) 1/458 (0.22) 13/450 (2.89)
Female <6 months 0/43 (0) 0/43 (0) 0/44 (0) 1/44 (2.27) 1/42 (2.38)
Female 6-11 months 0/86 (0) 0/85 (0) 0/86 (0) 0/86 (0) 0/85 (0)

Female 1 year 0/35 (0) 0/35 (0) 0/36 (0) 0/36 (0) 0/34 (0)

Female 2-8 years 1/95 (1.05) 1/96 (1.04) 0/94 (0) 0/95 (0) 2/93 (2.15)
Female intact 1/158 (0.63) 0/159 (0) 0/159 (0) 0/159 (0) 1/158 (0.63)

The occurrences of cancers are portrayed for the different neuter periods; the periods <6 months and 6-11 months are combined in the
<12 months period, representing early neutering. The columns represent the occurrences of lymphosarcoma (LSA), mast cell tumour

(MCT), hemangiosarcoma (HSA), osteosarcoma (OSA) and the occurrence of at least 1 of the cancers. Shown are number of cases over

number in the pool, with percentages given in parentheses.

neutering at any age period was not associated with
any evident increase in cancer occurrence above the
level of intact females (Table 2). The occurrence of
MC in intact females, and those neutered at various
periods, is shown in Table 3. MC was diagnosed in
4.1% of intact females and in none of those neutered
at <6 months, not a significant difference. For neu-
tering beyond 6 months, MC occurred in a modestly
increasing percentage of females, ranging up to 5%
for females neutered at 2-8 years.

Urinary incontinence and pyometra

There was no occurrence of Ul in intact females. In
females neutered at <6 months, the incidence of UI

Table 3. German Shepherd Dog females, occurrences of mammary
cancer (MC), pyometra (PYO) and urinary incontinence (Ul)

Neuter age MC PYO Ul

Female <6 months 0/46 (0) 0/44 (0) 2/43 (4.65)
Female 6-11 months 1/91 (1.11) 0/86 (0) 6/83 (7.22)
Female 1 year 1/37 (2.7) 0/33 (0) 1/36 (2.78)
Female 2-8 years 5/102 (4.9) 0/91 (0) 1/95 (1.05)

Female intact 7173 (A1) 4/163 (245) 07156 (0)

The numbers of cases are shown, over the numbers in the pool, with
percentages given in parentheses. For MC, the occurrence was
tracked through 11 years of age (see text), whereas with PYO and
UI, the occurrence was tracked through 8 years of age. When bolded
the incidence is significantly above that of intact dogs (see text).

was 4.7%. For those neutered at 6-11 months the
incidence was 7.3%, which was a significant increase
compared with intact females (Kaplan-Meier:
P < 0.05). The mean age of onset of Ul in early neu-
tered females was 5.2 years. The occurrence of PYO
in intact females was 2.5%.

Discussion

The findings reported here on the popular German
Shepherd Dog with regard to joint disorders are par-
ticularly important because joint disorders, such as
CCL and HD, are painful for the dog, create a bur-
den for those caring for the dog, and can disqualify
the dog as a working partner in military and police
work.

This study reveals that in males, neutering within
the first year of life is associated with a highly signifi-
cant, threefold risk of acquiring at least one joint dis-
order: up to 21% compared with 7% in males left
intact or neutered beyond the first year. In females,
neutering within the first year is also associated with
a highly significant threefold risk of acquiring at least
one joint disorder: up to 17% compared with 5% in
females left intact or neutered beyond 1 year.

Agencies acquiring a German Shepherd as a police
or military working companion, or a family adopting
a German Shepherd puppy companion pet, are wise
to take into account the genetic variables in joint
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disorders. This breed has been the focus of several
studies on the occurrence of HD, referred to as the
most common hereditary skeletal disorder (Smith
et al. 2001). In fact, genetic studies on HD relate the
occurrence to single-nucleotide polymorphisms in
several quantitative trait loci (Fels & Distl 2014).
Interestingly, our study reveals that while CCL is
rather infrequent in intact males and females, it is
CCL rather than HD that is especially associated
with early neutering. As shown in this study, delaying
neutering until the dog is at least a year of age
appears to avoid the increase in risks of joint disor-
ders is associated with neutering. This is a considera-
tion for joint disease control that is immediately
available.

The results of this study on CCL are consistent
with those on the Golden Retriever and Labrador
Retriever from this centre (Torres de la Riva et al.
2013; Hart et al. 2014) and other studies mentioned
in the Introduction. The limitations of this study are
that the reported results regarding joint disorders
and cancers in the intact dogs will not necessarily
represent an accurate occurrence of the disease syn-
dromes among the various strains of German Shep-
herd Dogs. One might also wonder about differences
in dogs presented to the hospital and used for the
database compared with those seen in primary prac-
tices. From our investigations, we have not detected
any differences.

With regard to a mechanism by which early
gonadectomy may be related to an increased occur-
rence in joint disorders, we suggest a hypothesis
stemming from studies on the closure of long-bone
growth plates by gonadal hormone secretion as the
animal approaches maturity (Salmeri et al. 1991;
Perry et al. 2008). The hypothesis is that neutering
much before bone growth plate closure is complete
allows the bones to grow a little longer than normal,
and that this disturbs the joint alignment in some
dogs sufficiently to lead to a clinically apparent joint
disorder that would not have been evident had the
dog been neutered beyond puberty.

Body weight, when elevated much above normal
for the breed, can also be related to the occurrence
of joint disorders (Duval et al. 1999; Comhaire &
Snaps 2008). In this study, BCSs of neutered dogs

with the joint disorders related to neutering were
compared with BCSs of neutered dogs without the
joint disorders. The median BCSs for both male and
female neutered dogs with a joint disorder were the
same as, or close to, the ideal score of 5, as were
BCSs of neutered dogs without the disorder. There
were similar findings in the Golden and Labrador
Retrievers (Hart ef al. 2014). Thus, while body
weight probably plays a role in the development of a
joint disorder in overweight dogs, the findings pre-
sented here are consistent with the perspective that
the increase in joint disorders in neutered dogs is at
least partially due to the effect of gonadal hormonal
removal in delaying long-bone growth plate closure.

With regard to cancers, in contrast to the Golden
Retriever where the female is particularly vulnerable
to the effects of neutering on the occurrence of can-
cers (Torres de la Riva er al. 2013; Hart et al. 2014),
this study on the German Shepherd Dog reveals that
whether the dog was intact or neutered, there was a
low level of occurrence of the particular cancers that
were followed. The caveat is the cancers were only
tracked through 8 years for the reasons explained in
the methods.

One of the frequently mentioned advantages of
early neutering of female dogs is protection against
MC (Root Kustritz 2007). While none of the females
neutered at <6 months were diagnosed with MC, we
found that only 4% of intact females followed
through 11 years were diagnosed with MC. Neuter-
ing at 1 year and beyond resulted in an incidence
level about the same as intact females. There may be
important genetic breed-line differences in the occur-
rence of MC that are not portrayed in the database.
But, the relatively low level of MC occurrence in the
intact females suggests that MC is not a major disease
for this breed, at least through 11 years of age. Rele-
vant to the discussion of MC is the recent meta-
analysis of published studies on neutering females and
MC, finding that the evidence linking neutering to a
reduced risk of MC is weak (Beauvais et al. 2012).

UI in neutered females is a concern of many dog
caregivers as the dog ages. For the dogs tracked
through 8 years of age in this study, UI reached a
level of 7% in females neutered before 1 year. In
females neutered at 1 year and beyond, the
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incidence of this problem dropped, and was not diag-
nosed at all in intact females.

In conclusion, with the current focus on avoiding
joint disorders in German Shepherd Dogs, the find-
ings provided here offer some evidence-based guide-
lines in deciding upon the age to neuter a puppy to
reduce the risk of one or more joint disorders.
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