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Objective—To quantify the association between intervertebral disk calcification and disk
herniation in Dachshunds.

Design—Longitudinal study.

Animals—61 Dachshunds that had been radiographically screened for calcification of inter
vertebral disks at 2 years of age in other studies. Thirty-seven of the dogs had survived to
the time of the present study and were > 8 years of age; 24 others had not survived.

Procedures—Radiographic examination of 36 surviving dogs was performed, and informa-
tion on occurrence of disk calcification at 2 years of age were obtained from records of all
61 Dachshunds. Information on occurrence of disk herniation between 2 and 8 years of age
was obtained from owners via questionnaire. Associations between numbers of calcified
disks and disk herniation were analyzed via maximum likelihood logistic regression.

Results—Disk calcification at 2 years of age was a significant predictor of clinical disk her
niation (odds ratio per calcified disk, 1.42; 95% confidence interval, 1.19 to 1.81). Number
of calcified disks in the full vertebral column was a better predictor than number of calcified
disks between vertebrae T10 and L3. Numbers of calcified disks at > 8 years of age and at
2 years of age were significantly correlated.

Conclusions and Clinical Relevance—Number of calcified disks at 2 years of age was a
good predictor of clinical disk herniation in Dachshunds. Because of the high heritability
of disk calcification, it is possible that an effective reduction in occurrence of severe disk
herniation in Dachshunds could be obtained by selective breeding against high numbers of

calcified disks at 2 years of age. (J Am Vet Med Assoc 2008;233:1090-1095)

Intervertebral disk herniation occurs in most breeds
of dogs, but the occurrence is far more frequent in
certain breeds characterized by hypochondroplastic
dwarfism (also known as chondrodystrophic breeds).
Dachshunds are particularly at risk,'” with an esti-
mated lifetime incidence of clinical disk herniation
of 18%.*” Subclinical disk herniation in Dachshunds
is likely even more common, although the true inci-
dence is unknown.® The predisposition to interverte-
bral disk herniation is caused by severe degeneration
of the intervertebral disk, which is preceded by chon-
droid metaplasia emerging from the periannular zone.
In Dachshunds, chondroid metaplasia emerges from
the perinuclear zone throughout the vertebral column
when dogs are a few months old."” The severity of the
degenerative process varies within and among dogs.'®
The process itself is complex, with a multifactorial eti-
ology that involves genetic and mechanical factors as
well as effects of aging.®
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AIC Akaike Information Criterion
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The strong phenotypic relationship between chon-
droid metaplasia and hypochondroplastic dwarfism
suggests that a major genetic factor in chondroid meta-
plasia is attributable to a pleiotropic effect of the hypo-
chondroplasia gene. It is unlikely that the conditions are
caused by 2 distinct genes because that would imply a
specific founder effect in multiple breeds. Furthermore,
both conditions are characterized by abnormal chondro-
cyte differentiation.” In Dachshunds, severe disk degen-
eration with calcification is reportedly highly heritable
(heritability estimate, 0.47 to 0.87)." This high herita-
bility of disk calcification was estimated in Dachshunds
via plain radiography performed during the optimum
period (ie, at 24 to 30 months of age, when the number
of visibly calcified disks appears to reach a maximum)."
Heritability of disk calcification within the breed indi-
cates involvement of genes other than the gene encod-
ing hypochondroplasia. Furthermore, disk degeneration
with calcification in dogs with severe disease appears to
be continuous in nature, which suggests that the degen-
erative disease is a multifactorial trait.®!?

An association between disk calcification and disk
herniation appears logical because both conditions are
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associated with severe degeneration of the disk. Several
studies®!*!* have revealed that the incidence of disk her-
niation is significantly higher in dogs in which calcified
disks are detected during radiographic examination,
compared with the incidence in dogs without calcified
disks. However, there is high variation in reported inci-
dences of herniation over various periods in dogs with
calcified disks (range, 19% to 45%) and in dogs without
calcified disks (range, 4% to 6%). This variation is pos-
sibly attributable to differences in study designs. For
example, dogs in the aforementioned studies®*!* were
radiographically evaluated at different ages (range, 1 to
11 years). The period during which dogs were moni-
tored for disk herniation also varied considerably be-
tween and within these studies. Thus, the association
between disk calcification and disk herniation was not
quantified in controlled conditions. Furthermore, the
incidence of disk calcification within the individual
dogs was not measured.

As indicated by high heritability estimates for se-
vere disk degeneration with calcification in Dachs-
hunds,' an effective response (change of population
mean) may be obtained via selection against disk calci-
fication (as evaluated at 2 years of age) without chang-
ing other features characteristic of the breed. However,
the effect of selective breeding on disk herniation de-
pends on the strength of the association between disk
calcification and herniation. The purpose of the study
reported here was to quantify the association between
disk calcification and the occurrence of disk herniation
among Dachshunds > 2 and < 8 years of age.

Materials and Methods

Animals—The study included 61 Dachshunds
that were radiographically screened for calcification of
intervertebral disks at 2 years of age as part of their par-
ticipation in other studies.!®!" The dogs were initially
evaluated at the clinic only to participate in those stud-
ies. At the time our study was conducted (2004 through
2005), the 61 dogs were > 8 years of age. Thirty-seven
of the 61 Dachshunds were still alive; the other 24 had
since died. Of the surviving dogs, 36 were radiographi-
cally reexamined for calcification of intervertebral disks
(1 owner declined), and historical data regarding oc-
currence of disk herniation were obtained from owners
for all 61 dogs by use of a questionnaire. For the statis-
tical analysis, dogs were considered to have a history
of clinical disk herniation when a diagnosis of clinical
disk herniation had been made by a veterinary practi-
tioner and the dogs had been euthanatized or treated
surgically or medically on the basis of this diagnosis.

Radiographic examination—Plain spinal radiogra-
phy was performed on each dog, and > 5 laterolateral
images were obtained to capture the vertebral column
from vertebrae C2 through S1. Foam pads were used
for optimal positioning to ensure full exposure of all
vertebral disks. The images were produced by use of the
same radiographic equipment® as was used in the pre-
vious studies,'®"! in which the dogs were radiographi-
cally evaluated at 2 years of age.

Interpretation of radiographs that were obtained from
the 36 surviving dogs at > 8 years of age was performed by

2 radiologists individually, then the radiologists conferred
to reach a consensus. One of the radiologists had per-
formed the evaluations in the other studies'®" (2 blinded
evaluations, followed by 1 evaluation for a definitive diag-
nosis). For radiologic evaluations of dogs at 2 years of age,
radiographic images from the other studies were used.

Questionnaire—A questionnaire was mailed to
owners of 90 dogs from the other studies,'*!" and own-
ers of 29 dogs declined to participate or could not be
found. Of the remaining 61 owners, all responded to
the questionnaire, but 1 declined to participate in the
follow-up radiographic examination. Questions asked
included whether the dog had a history of signs of spi-
nal disease or lameness and, if so, whether the signs
were provoked by a specific incident and whether the
dog was examined and treated by a veterinarian (in-
cluding diagnosis and outcome). Owners were also
asked about the current status and degree of activity
of the dog, whether it climbed stairs, and whether it
was reluctant to jump. In the event that the dog had
died, owners were asked to identify the reason. Ques-
tionnaire data regarding the nonsurviving dogs were
confirmed (or clarified) via telephone interview; those
regarding the nonsurviving dogs were confirmed via
owner interviews at the time dogs received follow-up
radiographic examinations.

Statistical methods—Maximum likelihood logistic
regression'” was performed by use of a statistical software
package® to estimate the association between disk calci-
fication at 2 years of age (predictor variable) and subse-
quent detection of signs of clinical disk herniation (out-
come variable). Three predictor variables were created
on the basis of the location of calcified disks within the
vertebral column at 2 years of age. Three models were
compared with inclusion of one or more of those predic-
tors: number of calcified disks at 2 years of age, number
of calcified disks from T10 through L3 at 2 years of age,
and number of calcified disks from C2 through T10 and
from L3 through S1 at 2 years of age. These models were
constructed from the full dataset of 61 dogs. Goodness-of-
fit of each model was assessed via the Hosmer-Lemeshow
test, and various models were compared via AIC values.'

In addition, the number of calcified disks in dogs at
> 8 years of age was evaluated as a predictor for previ-
ous cases of clinical disk herniation on the basis of data
from the 36 surviving dogs that were radiographically
evaluated at 8 years of age. Linearity of the logits of
continuous predictor variables (eg, number of calcified
disks) was evaluated by categorizing the continuous
variable into 5 classes and plotting the log odds of the
probability against the median of each class.

The correlation between numbers of calcified disks
in the 36 surviving dogs at 2 and > 8 years of age was
evaluated via linear regression. A Fisher exact test was
used to test for association between number of calcified
disks at 2 years of age and risk of euthanasia because of
disk herniation.

Results

Animals—Of the 61 dogs that were used in the study,
questionnaire data aided in the identification of 22 (36%)
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with a history of clinical intervertebral disk disease. All
dogs had a history of veterinarian-diagnosed disk hernia-
tion that led to euthanasia (n = 8, including 3 dogs with
prior surgery), surgery (8), or conservative treatment
with anti-inflammatory drugs (5). It was assumed that
the diagnosis at the different veterinary clinics at which
the dogs were evaluated was correct, although criteria
applied in achieving the diagnosis were not investigated.
Signs of severe back pain were detected in 1 dog, but
that dog recovered without veterinary treatment. No ad-
ditional information regarding lameness was reported.

All 61 dogs (surviving and nonsurviving) under-
went radiographic evaluations at 2 years of age. In
dogs with > 9 calcified intervertebral disks at 2 years
of age, 7 of 8 had a subsequent history of severe disk
herniation and 5 of 8 had been euthanatized because
of veterinarian-diagnosed disk herniation before
8 years of age (Table 1). Of the 19 dogs with > 4
calcified disks at 2 years of age that died, 12 had a
subsequent history of disk herniation and 7 were eu-
thanatized because of disk herniation. In dogs with <
2 calcified disks, disk herniation was not reported as
a cause of death.

Only 36 surviving dogs were radiographically eval-
uated at > 8 years of age. In these dogs, the total num-
ber of calcified intervertebral disks identified was 83,

and of these, only 11 (13%) disks had not been visibly
calcified at 2 years of age. At 2 years of age, 139 calci-
fied disks had been identified in the same 36 dogs. The
number of calcified disks was higher at 8 years of age
than at 2 years of age by 1 calcified disk in 5 dogs and
by 2 calcified disks in 1 dog.

Statistical analysis—Among the 61 dogs, risk of eu-
thanasia following clinical disk herniation was significantly
higher in dogs with > 4 calcified disks than in dogs with
< 4 calcified disks (37% vs 4.8%, respectively; P = 0.003).
When the number of calcified disks was treated as a con-
tinuous predictor variable in logistic regression analyses, re-
sults indicated a strong association between the probability
of clinical disk herniation and the number of calcified disks
at 2 years of age (Table 2 and Figure 1). According to that
model, the odds of clinical disk herniation increased by a
factor of 1.42 (95% CI, 1.19 to 1.81) for each additional cal-
cified disk. When only the number of calcified disks from
T10 through T3 was included in the analysis, the odds of
clinical disk herniation increased by a factor of 2.49 (95%
(I, 1.53 to 4.53) for each additional calcified disk.

Results of Hosmer-Lemeshow tests indicated that
the 3 models based on number of calcified disks at 2
years of age fit the data well. Values of AICs indicated
that separating numbers of calcified disks into 2 predic-

Table 1—Summary of history of presumptive clinical intervertebral disk herniation*
(IDH) and cause of death in 61 Dachshunds, by number of calcified intervertebral
disks identified during radiographic evaluation of dogs at 2 years of age.

No. of No. of dogs
calcified Total No. No. of dogs No. of dogs No. of dogs that died
disks of dogs with IDH without IDH that diedt from IDH
0 12 1 1 5 0
Tor2 14 2 12 7 0
3ord 16 7 9 5 2
50r6 7 3 4 2 1
Tor8 4 2 2 0 0
9o0r10 2 1 1 1 1
11 or12 1 1 0 0 0
13 or 14 1 1 0 0 0
150r 16 4 4 0 4 4
*|DH was diagnosed at various veterinary clinics, and information regarding the diag-
nostic criteria used was not obtained. TDeath occurred before radiographic examination
at = 8 years of age.

Table 2—Results from logistic regression analyses for predicting the occurrence of clinical disk hernia-
tion in Dachshunds (n = 61) according to the number of calcified disks detected at 2 time points (2 and
8 years of age) and within certain regions of the vertebral column.

Maximum
likelihood Goodness-of-fit
Predictor Intercept  estimate (f) OR* 95% CIt Pvalue AIC test Pvalue
Calc2year -2.0 0.353 1.42 1.19-1.81 < 0.001 64.3 0.80
CalcT10-L3 -1.7 0.913 249 1.53-453 < 0.001 67.8 0.93
CalcOther -2.2 0.258 1.29 1.03-1.70 0.04 64.6 0.31
and
CalcT10-L3 0.692 2.00 1.17-3.70 0.02
Calc8yeart -0.82 0.055 1.06 0.81-1.37 0.67 49.6 0.053
*One unit of change in the OR is the equivalent of 1 calcified disk. TProfile likelihood Cl. tAnalysis was
based on data from 36 dogs.
Calc2year = Number of calcified disks at 2 years of age. CalcT10-L3 = Number of calcified disks between
T10 through L3 at 2 years of age. CalcOther = Number of calcified disks cranial to T10 and caudal to L3 at 2
years of age. Calc8year = Number of calcified disks at 8 years of age.
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tors on the basis of location within the vertebral column
did not yield a better prediction. The model with only
data on the number of calcified disks from T10 through
T3 as predictor had a higher AIC value for predicting
clinical disk herniation, indicating that this model was
inferior in terms of predicting clinical disk herniation,
compared with the models that contained data on disk
calcification for the whole vertebral column.

Number of calcified intervertebral disks in dogs at
> 8 years of age was not significantly (P = 0.67) associ-
ated with clinical disk herniation among the 36 dogs
evaluated (Table 2). A goodness-of-fit test revealed a
difference between predicted and observed values that
neared significance (P = 0.053), which was interpreted
as indicating low predictive power of the model.

Linear regression analysis of data from the 36 surviv-
ing dogs revealed that the numbers of calcified interverte-
bral disks at 2 and 8 years of age were strongly correlated
(P < 0.001; Figure 2). The relationship was as follows:

number of calcified disks at 8 years of age = 0.104 + 0.57 X
(number of calcified disks at 2 years of age) + error.

Discussion

In chondrodystrophic breeds of dogs such as Dachs-
hunds, predisposition to disk herniation is related to the
severity of disk degeneration, which is attributable to im-
pairment of the mechanical function and increased stress
on the outer annulus fibrosus.'*!'" Intervertebral disk
calcification coexists with severe disk degeneration, al-
though severe degeneration may develop without visible
disk calcification.” If one assumes that the liability of disk
degeneration within a population of Dachshunds is nor-
mally distributed and that there is a liability threshold for
disk calcification, selection against disk calcification may
be expected to decrease the incidence of disk herniation in
dogs. In theory, the well-being of the Dachshund popula-
tion may be improved even with a mean liability below the

threshold for disk calcification. The results of
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our study indicated a strong association be-
= 2 tween number of calcified disks at 2 years of
age and occurrence of clinical disk herniation
at a later age. These findings supported the
hypothesis that number of calcified disks at 2
years of age is an indicator of severity (liabil-
ity) of disk degeneration and thus a measure
of the risk of disk herniation.

Three models with 3 different predictors
were tested; each predictor included a differ-
ent range of vertebral disks in determination
of the number of calcified disks at 2 years of
age. The thoracolumbar region of the verte-
bral column is of particular interest because
disk herniation in this region has a higher risk
of being associated with clinical signs of dis-
ease. The OR was higher for numbers of cal-

Figure 1—Graph indicating the probability of clinical disk herniation as a function cified disks in that region than numbers for
of total number of calcified disks in 61 Dachshunds (each represented by an "X") other regions partly because fewer disks exist

at 2 years of age as estimated via a logistic regression model. Number of calcified
disks is presented on a discrete liability scale, which extends below 0 calcified

disks, to describe degree of disk calcification.

in that region, which yields a higher relative
importance of any calcified disks, and also be-
cause there is a higher probability of clinical
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signs associated with disk herniation in the
thoracolumbar region. However, the models
that included the number of calcified disks
throughout the entire vertebral column were
superior to the model that contained only the
number of calcified disks from T10 through
L3, as indicated by a lower AIC value. Sepa-
rating numbers of calcified disks into 2 pre-
dictors on the basis of location within the ver-
tebral column did not increase the predictive
value of the model. Because a more parsimo-
nious model is preferred, the model that in-
cluded data from the entire vertebral column
as the only variable was considered superior.
In the 36 dogs that were radiographed at
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> 8 years of age, the number of calcified disks
had declined from 139 to 83 at 2 years of age.
Only 6 dogs had a slightly (1-2) increased

Figure 2—Graph indicating the correlation between the numbers of calcified disks

number of calcified disks. These findings

at 2 years of age and after 8 years of age in 36 Dachshunds. The regression coef- supported the hypothesis that development

ficient was estimated at 0.57

of additional calcified disks after 2 years of
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age is a rare condition, as suggested by findings in another
study.'! The correlation between the numbers of calcified
disks at 2 and 8 years of age was high. On average, 48%
of the calcifications were no longer detectable at > 8 years
of age. However, the number of disks that were no longer
evidently calcified within each dog ranged widely (95%
CI, 24% to 62%). As revealed in a study® of Dachshunds,
all disk calcifications may resolve over time in some dogs,
probably in relation to disk herniation, while in other dogs
the number of calcified disks may be unchanged. This
may explain why the number of calcified disks in dogs
> 8 years of age in the present study was not correlated
with the occurrence of clinical disk herniation. Many of
the dogs (10/22 [45%]) in which clinical disk herniation
was diagnosed died; an additional 16 dogs died for other
reasons. Thus, the sample size of dogs > 8 years of age
was considerably reduced, which limited the likelihood
of finding a significant association between the number
of calcified disks and the probability of clinical disk her-
niation. However, the model of that association did not
fit the data well, indicating that there was no association
between number of calcified disks at > 8 years of age and
previous occurrence of disk herniation.

Rating of intervertebral disk degeneration in dogs
may be accomplished by means of a dichotomous (yes
or no) or continuous (number of calcified disks) scale.
In other studies"'** of the association between disk
calcification and clinical disk herniation, disk calcifi-
cation was measured with either scale. The number of
calcified disks appears to be a better measure of disk
calcification for several reasons. First, none of the disks
in Dachshunds can be classified as normal. The step
from no visible calcification to 1 visibly calcified disk is
merely a small step on a continuous scale of disk degen-
eration. Second, a dog with many calcified disks will
have severe disk degeneration in many of its interver-
tebral disks. The use of the number of calcified disks
as a measure of intervertebral disk degeneration is sup-
ported by the high heritability of disk calcification de-
tected on the basis of the continuous scale (ie, number
of calcified disks vs a dichotomous scale).'

The results of our study also indicated a quantita-
tive association between number of calcified disks and
occurrence of clinical disk herniation. The degree of disk
degeneration and thus the predisposition to disk hernia-
tion may also vary within dogs that do not appear to have
calcified disks. On the basis of the hypothesis that disk
calcification group is a threshold characteristic, the predis-
position to disk herniation in the subpopulation with no
calcified disks would depend on the mean liability of disk
degeneration in the population and thus occurrence (the
mean and distribution) of disk calcification in the popu-
lation. In the study reported here, 1 of 12 dogs without
disk calcifications had disk herniation, and the incidence
of disk herniation in the subsample without calcified disks
was estimated at 11% in a lifetime (as calculated from the
intercept in the model). Investigators in other studies'!*
detected a lower incidence (4% to 6% of dogs within the
defined study periods) among dogs with no calcification
evident on radiographs. This was most likely an underes-
timation because the observation period was variable (as
short as 1 year) and in many situations did not encompass
the interval of 4 to 7 years of age, when most disk hernia-

tions occur. Also, the true prevalence of disk calcification
and incidence of disk herniation may be higher than sug-
gested by the results of these studies'** because few of the
dogs used were radiographed at the optimum age for disk
calcification (2 to 3 years of age). In addition, in many sit-
uations, the age period with highest risk of disk herniation
(4 to 7 years of age) was not included in the evaluation
period. The occurrence of clinical disk herniation would
also depend on the number of calcified disks, and this in-
formation was not evaluated in the other 3 studies. Thus,
the results of the study reported here cannot be compared
with findings of other studies.

It is important to differentiate between disk hernia-
tion and clinical disk herniation (ie, disk herniation lead-
ing to a clinical diagnosis).® The high frequency of disk
calcification in the thoracic vertebral column, compared
with other areas, suggested that this region is the most se-
verely degenerated and thus more disposed to disk hernia-
tion. However, clinical disk herniation from T1 through
T9 is rare because of the location of the ligamentum in-
tercapitale."! The ratio of the width of the spinal cord to
that of the spinal canal is high in the thoracic region and
low in the lumbar and cervical region.® In areas with a
low ratio, disk herniation is more likely to be subclinical.
In addition, the dorsal zone of annulus fibrosus is narrow
in the thoracolumbar region, and the nucleus pulposus
is located dorsally*! In combination, these characteristics
may explain why most (65% to 75%) clinical cases of disk
herniation occur between vertebrae T11 through L2, al-
though high frequencies of disk herniation between ver-
tebrae T12 through L2 and vertebrae L2 through L5 have
been detected during pathologic examination of affected
dogs.**%? Subclinical disk herniation is likely painful and
may cause weak neurologic symptoms (ie, decreased pro-
prioception) but remain undiagnosed because dog own-
ers may not acknowledge the signs. One limitation to our
study is that the questions in the questionnaire required
subjective responses from owners. In particular, change
of behavior attributable to pain may not have been no-
ticed by owners. In severe cases of intervertebral disk her-
niation that lead to euthanasia, the accuracy of historical
information obtained is likely high because owners are
likely to remember the cause of death and usually have
no incentive to hide that information. Consequently, the
incidence of disk herniation in the group of dogs which
were alive when our study was performed was likely un-
derestimated, because all but 1 case were severe (ie, clini-
cal signs prompted owners to seek veterinary examination
of affected dogs and, for most [19/22] dogs, resulted in
surgery or euthanasia).

In theory, some of the Dachshunds classified as hav-
ing clinical disk herniation may have had other diseases
because we did not investigate the criteria that had led to
the diagnoses. However, 16 of the 22 dogs presumed to
have clinical disk herniation had undergone surgical treat-
ment for disk herniation, had been euthanatized on the
basis of the diagnosis, or both. Furthermore, the incidence
of clinical disk herniation in Dachshunds is very high (ap-
prox 18%).>> Therefore, the potential for bias from false-
positive diagnosis of disk herniation was likely low in our
study and should not have affected statistical conclusions.
The measurement bias from false-negative diagnoses is
likely much more important. Thus, our study estimated
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the association between number of calcified disks and ac-
knowledged cases of clinical disk herniation.

Low test variability is crucial when evaluating herita-
bility and associations between identified disk calcification
and occurrence of disk herniation. Test error (inter- and
intraobserver variation) was not included in our models.
However, intertest variability was minimized by use of the
same radiographic film and folio, the same radiographic
technique, and the same radiologic interpreters throughout
the study. Sedation is generally recommended for optimal
positioning of the spine but was not used in all dogs be-
cause some owners objected (the radiographs were only for
research purposes). To overcome this challenge, all images
were evaluated during the radiographic session by the same
radiologist until images with optimal positioning and expo-
sure were obtained of the entire vertebral column. Impor-
tantly, all dogs underwent radiographic evaluation during
the optimum period for detection of disk calcification (2
years of age), decreasing the test variability.

The true association between disk calcification and
disk herniation may be even stronger than indicated
by this study because the identification of episodes of
disk herniation is subject to uncertainty when based on
owner recall. To be more certain of the association de-
tected in our study, postmortem pathologic examination
should be performed on old dogs with a history of disk
herniation (possibly supported by information recalled
by owners) that underwent radiographic evaluation at 2
years of age. Currently, a radiographic screening program
is ongoing in Denmark, increasing future opportunities
to obtain postmortem pathologic information on dogs
that have been radiographically screened at 2 years of
age. The Danish Dachshund Club recommends breed-
ing dogs with < 2 calcified disks but not dogs with > 4
calcified disks. Dogs with 3 or 4 calcified disks should
only be used in strategic breeding (ie, only 1 or 2 litters
and screening of the progeny before selection for further
breeding). These breeding recommendations are sup-
ported by the findings in the present study.

Presumptive clinical disk herniation was a frequent
cause of euthanasia in dogs with > 4 calcified disks but
had not occurred in dogs with < 4 calcified disks. These
findings stress the importance of selective breeding against
disk calcification. The findings may also be used in small
animal practice to identify dogs that are predisposed to
disk herniation so that preventive measures can be initi-
ated. Because disk calcification is highly heritable and is
strongly associated with disk herniation, a breeding pro-
gram that screens dogs and selects against disk calcifica-
tion can be expected to effectively reduce the occurrence
of disk herniation in Dachshunds.'® The utility of such
a screening program would depend on low test variabil-
ity. Evaluation of the development of disk calcification
should not be performed before dogs are 24 months of
age because the number of visibly calcified disks increases
rapidly from 12 to 24 months of age. Further, evaluation
should be performed before dogs are 4 years of age be-
cause disk calcifications are resorbed in relation to disk
herniation and most calcified disks may resolve with in-
creasing age.'"'® Furthermore, the radiographic technique
should be standardized and include sedation of all dogs
for optimal positioning, and the inter- and intraobserver
variation should be minimized.
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