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Abstract

Background: The relationship between radiographic disc calcification score and

FGF4L2 genotype has been reported in only a small number of dachshunds.

Hypothesis: A genotype with either 0 or 1 FGF4L2 copy will be associated with a lower

number of calcified discs (lower K-n) compared with a genotype with 2 FGF4L2 copies.

Animals: Dachshunds registered with the Norwegian or Finnish Kennel Clubs for

which both K-n and FGF4L2 genotype are known (n = 407).

Methods: Retrospective study (2012-2024). The frequency and percentage of dachs-

hunds within each K-n group (K0, K1/2, K3/4, K5+) by FGF4L2 genotype (FGF4L2/

FGF4L2, N/FGF4L2, N/N) were reported. The K-n distribution differences among

genotypes were analyzed by the Cochran-Mantel-Haenszel test in SAS 9.4. Signifi-

cance was defined as P < .05.

Results: A difference in K-n distribution was found between dachshunds that have

0 or 2 FGF4L2 copies. However, no difference was found in the K-n distribution

between dachshunds that have 1 or 2 FGF4L2 copies.

Conclusions and Clinical Importance: Most dachshunds with 1 FGF4L2 copy have

radiographic disc calcification scores that are associated with substantially lower risk

of symptomatic disc disease. Radiographic disc calcification scores are similar in

dachshunds with 0 and 1 FGF4L2 copies. Given the high allele frequency of FGF4L2,

breeding to produce progeny with 1 FGF4L2 copy is expected to be a more achiev-

able short-term goal for dachshund spinal health breeding programs than breeding

for 0 copies. It is recommended that both K-n and FGF4L2 genotype status be con-

sidered when choosing dachshund breeding stock.
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1 | INTRODUCTION

Hansen's type I intervertebral disc disease (IVDD) is a common dis-

order affecting the spine of dogs, often resulting in pain and paral-

ysis.1 The disorder disproportionately affects chondrodystrophic

dogs, and the breed with the highest incidence is the

dachshund,2,3 with approximately 18% to 25% of dachshunds exhi-

biting symptomatic disc disease (SDD) over their lifetime.3-7 The

estimated worldwide cumulative costs of veterinary care to treat

disc disease in chondrodystrophic dogs is in the millions to billions

of dollars, making this disorder 1 of the most burdensome to dogs

and owners alike.8

Type I IVDD is characterized by early disc degeneration that

causes calcification of some of the intervertebral discs. These

degenerated discs may herniate and result in spinal cord compres-

sion.9 Dachshunds with radiographically detectable disc calcifica-

tions (RDDC) have been shown to be more likely to develop SDD

than those without RDDC.10 Radiographically detectable disc cal-

cifications also were shown to be heritable.6,10-12 The number of

RDDC was shown to increase in young adulthood and then to level

off or decrease, with peak number of RDDC occurring between

2 and 4 years of age.10,13 A radiographic disc calcification scoring

system was developed in Denmark that assigns a K-number (K-n,

from the Nordic pronunciation of the word “calcified,” kalki/kalkki)
to a dachshund equivalent to the number of RDDC on whole spine

radiographs taken between 2 and 4 years of age.14

Combined reported incidence of SDD in 305 dachshunds

across 3 publications showed the relationship of SDD to the dachs-

hund's K-n as follows: 7% incidence of SDD for K0, 12% incidence

of SDD for K1/2, 23% incidence of SDD for K3/4, and 69% inci-

dence of SDD for K5+.15-17 Based on the reported relationship

between SDD and K-n, Nordic dachshund stakeholders developed

breeding schemes to improve spinal health in the breed. The

schemes vary in details, but generally discourage the use of high

K-n dachshunds and encourage the use of low K-n dachshunds for

breeding. Spinal health breeding schemes based on K-n have since

been implemented in Nordic countries, the United Kingdom,

Germany, South Africa, and Australia.

Research into the genetic basis of disc calcification led to the dis-

covery of a causal variant associated with RDDC in dachshunds on

chromosome 12,18 later determined to be a fibroblast growth factor-4

retrogene insertion (originally 12-FGF4, now FGF4L2) dominant for

both chondrodystrophy and type I IVDD in dogs.19 However, results

of a computed tomography-based study in young asymptomatic Nova

Scotia duck tolling retrievers (NSDTR) suggested that there may be a

gene dose effect of FGF4L2 in relation to early disc degeneration in

that breed.20 The NSDTR study showed that all but 1 FGF4L2 hetero-

zygote had calcified discs but approximately half as many calcified

discs were seen in FGF4L2 heterozygotes compared with homozy-

gotes. In dachshunds, the FGF4L2 insertion has a very high allele fre-

quency (0.92).21 The FGF4L2 insertion became colloquially known as

CDDY (for “chondrodystrophy”) and was added to many direct-

to-consumer genetic panels used by dachshund breeders without

specific guidance as to how to use FGF4L2 status to inform breeding

decisions.20,22

Our aim was to describe the relationship between radiographic

disc calcification score (K-n) and FGF4L2 genotype in dachshunds, and

to provide guidance to dachshund breed clubs as to how to incorpo-

rate FGF4L2 genotype status into breeding schemes. Our hypothesis

was that a genotype with either 0 or 1 FGF4L2 copies will be associ-

ated with a lower number of calcified discs (lower K-n) compared with

a genotype with 2 FGF4L2 copies.

2 | MATERIALS AND METHODS

2.1 | Study design

Ours was a retrospective study in dachshunds (n = 407) from January

2012 until July 2024.

2.2 | Inclusion criteria

Eligible dachshunds were those that had been registered with the

Finnish or Norwegian Kennel Clubs and for which both K-n and

FGF4L2 genotype data were available. To be included in the study,

the dachshund must have both: (1) a K-n assigned according to stan-

dard kennel club procedures in their country of registration, and the

results recorded to that country's national public dachshund pedigree

database (a requirement of the scoring process), and (2) an FGF4L2

genotype of the dachshund voluntarily recorded to the relevant coun-

try's national public dachshund pedigree database (Finland, n = 234;

Norway, n = 173).

2.3 | Data acquisition

Live animals were not used in this study. The data were acquired from

Nordic dachshund breed club representatives as part of the process of

building a combined Nordic public dachshund health database. Because

the data used in our study was voluntarily contributed by the dog

owners to a public dachshund pedigree database and because no infor-

mation relating to the dog owners was collected, owner consent was

not needed. The data acquired included: country of registration, K-n

(radiographic disc calcification score), and FGF4L2 genotype (FGF4L2/

FGF4L2, N/FGF4L2, or N/N). The data from the dogs then were placed

into K-n groups that correlate with risk categories of SDD: K0 (very low

risk), K1/2 (approximately half the breed average risk), K3/4 (approxi-

mately breed average risk), and K5+ (very high risk).

2.4 | Statistical analysis

Allele frequency of FGF4L2 was calculated by summing the total num-

ber of FGF4L2 insertions in the study population and dividing by the
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total number of alleles in the study population. The frequency and

percentage of dachshunds within each K-n group (K0, K1/2, K3/4,

K5+) by FGF4L2 genotype (FGF4L2/FGF4L2, N/FGF4L2, N/N) was

summarized and the distribution of K-n by genotype graphed.

Because of the ordinal nature of the variable K-n, K-n distribution

differences among genotypes were tested by the Cochran-

Mantel-Haenszel test. Using a Bonferroni corrected Type I error

rate of 0.0167, pair-wise comparisons were made to identify which

genotypes produced different K-n distributions. All analyses were

conducted by SAS 9.4 (programming code available upon request).

Significance was determined as P < .05.

3 | RESULTS

The allelic frequency for FGF4L2 was 0.88. The relationship between

K-n and FGF4L2 genotype is summarized in Table 1 and the distribu-

tion of K-n by genotype is presented in Figure 1.

When comparing the distribution of K-n (K0, K1/2, K3/4, K5+)

across the 3 genotypes (FGF4L2/FGF4L2, N/FGF4L2, N/N), signifi-

cant differences were found across genotypes (χ2 = 63.9358,

degrees of freedom = 2, P < .0001). Conducting pair-wise compari-

sons among the genotypes, a significant difference in K-n distribu-

tion was found between FGF4L2/FGF4L2 and N/FGF4L2 genotypes

(χ2 = 58.2168, degrees of freedom = 1, P < .0001). Also, a signifi-

cant difference in K-n distribution was found between the FGF4L2/

FGF4L2 and N/N genotypes (χ2 = 8.2152, degrees of freedom = 1,

P = .004). However, the K-n distribution between N/FGF4L2 and

N/N (χ2 = 0.4563, degrees of freedom = 1, P = .5) was not

different.

4 | DISCUSSION

Our data show that regarding FGF4L2 genotype, the presence of 1 N

allele is associated with the best radiographic disc calcification scores

(K0, K1, K2) in dachshunds and that rarely does a dachshund with 1 N

allele have the worst radiographic disc calcification score (K5+). Addi-

tionally, the data show that although dachshunds with 2 N alleles have

numerically lower radiographic disc calcification scores than dachs-

hunds with 1 N allele, this difference was not significant. Furthermore,

nearly all dogs with 1 or 2 N alleles have spinal scores (K0, K1, K2)

that are associated with a risk of SDD that is substantially lower than

average risk for the breed.

The radiographic disc calcification score (K-n) was developed as

an indicator of the degree of early disc degeneration. It is well estab-

lished that young asymptomatic dachshunds with fewer disc calcifica-

tions (equivalent to a lower radiographic disc calcification score) have

a lower risk of SDD.10,15-17 The K0 radiographic score is associated

with an approximately 7% risk of SDD in dachshunds,15-17 which is

much less than the breed average risk of 18% to 25%.3-7 Our data

show that 75% of dachshunds with 1 N allele and 86% of dachshunds

with 2 N alleles have a radiographic disc calcification score of K0.

Therefore, most dachshunds with ≥1 N allele have substantially

decreased risk of SDD when compared with breed average.

Dachshunds with radiographic disc calcification scores of K1/2

have an approximately 12% risk of SDD15-17 and when combined with

K0 dachshunds, K0/1/2 dogs comprise a group with <50% of the

breed average risk of SDD. Our results show that 98% of dachshunds

with at least 1 N allele have a radiographic disc calcification score of

K0, 1 or 2. Therefore, nearly all dachshunds with ≥1 N allele have a

risk of SDD that is less than half of the breed average.

TABLE 1 K-n and FGF4L2 genotype
in Nordic dachshunds.

K-number FGF4L2/FGF4L2 % N/FGF4L2 % N/N % Total %

K0 84 26% 60 75% 6 86% 150 37%

K1/2 119 37% 18 23% 1 14% 138 34%

K3/4 67 21% 1 1% 0 0% 68 17%

K5+ 50 16% 1 1% 0 0% 51 13%

Total 320 100% 80 100% 7 100% 407 100%

Note: Numbers in columns under genotypes are the number of dogs with that genotype for a given K-n.

F IGURE 1 The distribution of K-n
across genotypes.
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Dachshunds with a radiographic disc calcification score of K5 or

higher have a 69% risk of SDD, and many of these dogs eventually

are euthanized because of repeated disc herniation.15-17 Our results

show that only 1% of dachshunds with 1 N allele and 0% of dachs-

hunds with 2 N alleles have a radiographic disc calcification score of

K5+. Therefore, almost no dachshunds with ≥1 N allele are at high

risk of SDD.

These findings may seem surprising given the earlier report that

the FGF4L2 insertion acts in a dominant manner,23 which suggested

that 1 or 2 FGF4L2 copies result in equally poor spinal phenotype in

dogs. However, our results are consistent with those of the NSDTR

study20 and suggest that a gene dose effect for disc calcification may

be the rule across dog breeds, rather than an exception seen in the

NSDTR breed. Furthermore, although FGF4L2 may act in a dominant

manner for the presence or absence of early disc degeneration (calcifi-

cation), the degree of early disc degeneration as seen on radiographs

(K-n) is less with 0 or 1 FGF4L2 gene copies.

Our results are important to breed clubs that wish to develop

spinal health breeding schemes, and particularly important in

breeds such as dachshunds that are nearly fixed for the FGF4L2

gene. Rather than advising breeders to avoid breeding dachshunds

that have the FGF4L2 insertion, our results suggest that dachshund

clubs initially could recommend that breeders prioritize breeding

dachshunds with at least 1 N allele, with the goal of increasing the

frequency of the N allele in the population. However, in our study

population of dachshunds with a relatively low FGF4L2 allele fre-

quency of 0.88, only 22.5% of dachshunds carry at least 1 N allele.

This means a substantial number of dachshunds with 2 FGF4L2

copies must be kept in the breeding pool to avoid a genetic bottle-

neck, and that other criteria, such as K-n, might be useful is select-

ing which FGF4L2 homozygotes to breed. This approach would

have the added benefit of gradually increasing the number of N/N

dachshunds, a genotype that is currently too rare to assess for

overall health beyond the absence of early disc degeneration. The

current position of many dachshund stakeholders is that FGF4L2

genotyping is not useful when making breeding decisions in dachs-

hunds.24,25 Our results suggest that FGF4L2 genotyping will be

useful in spinal health breeding schemes and that FGF4L2 status

should be a consideration when making breeding decisions in

dachshunds.

An important limitation of our study is related to the study popu-

lation. Because the study population consisted of dachshunds that

had been both radiographically scored for disc calcification and geno-

typed, it is likely that the population represents a group of dachshunds

being considered for breeding, and that they are owned by individuals

particularly concerned about spinal health. This population may have

resulted from multiple generations of dachshunds with a lower K-n

compared with a randomly selected group of dachshunds. Because

26% of dogs with 2 FGF4L2 copies in our study had the K0 pheno-

type, it is probable that FGF4L2 is not the only determinant of K-n in

dachshunds, and the study population may be comprised of dogs that

are the product of selection pressure related to multiple determinants

of K-n.

In conclusion, our research hypothesis that a genotype with

either 0 or 1 FGF4L2 copies will be associated with a lower number

of calcified discs (lower K-n) compared with a genotype with

2 FGF4L2 copies was confirmed. The analysis of the current data

sets does not provide statistical evidence for a difference in K-n

distribution between the FGF4L2/N and N/N genotypes, but it is

possible that this evidence is lacking because of the small number

of N/N dogs (n = 7). Radiographic disc calcification scores do not

differ between dachshunds with 1 or 0 FGF4L2 copies. Most

FGF4L2/N dachshunds have K-n values that are associated with

substantially decreased risk of SDD compared with the reported

breed average risk. Given the high allele frequency of FGF4L2,

breeding to produce progeny with the FGF4L2/N genotype is

expected to be a more achievable short-term goal for dachshund

spinal health breeding programs than breeding for 0 copies. It is

recommended that both K-n and genotype be considered when

choosing dachshund breeding stock.
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