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Objectives: To evaluate neutering status and age of neutering in female Dachshunds with thoracolumbar 

intervertebral disc extrusion. We hypothesised that neutered Dachshunds presented with interverte-

bral disc extrusion at an earlier age, with a higher grade of neurological deficits and with more exten-

sive extrusion of disc material compared with intact females.

Materials and MethOds: Retrospective multi- centre study of client- owned female Dachshunds with surgi-

cally confirmed thoracolumbar intervertebral disc extrusion. Dogs were classified as early, late or not 

neutered (intact). Age, body condition score, duration of clinical signs before presentation, modified 

Frankel score at presentation, length of extruded disc material, maximum spinal cord compression and 

whether dogs presented for a subsequent intervertebral disc extrusion were recorded.

results: One hundred and fifty- four dogs were included: 36 early neutered, 69 late neutered and 49 

intact. No significant difference was found between early neutered, late neutered and entire female 

Dachshunds in any of the variables studied.

clinical significance: In this cohort of female dogs, neuter status and age of neutering were not found to 

affect age at onset nor severity of thoracolumbar intervertebral disc extrusion.
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INTRODUCTION

The intervertebral disc is composed of the nucleus pulposus, anulus 
fibrosus, the cartilaginous endplates and a transition zone (Evans & 
de Lahunta, 2013). In chondrodystrophic dog breeds such as the 
dachshund, degeneration of the intervertebral disc occurs relatively 
early in life resulting in a decreased ability to resist compressive and 
torsional forces. This can ultimately progress to an intervertebral 
disc extrusion (IVDE), in which the degenerated nucleus pulposus 
extrudes dorsally into the vertebral canal resulting in spinal cord 
compression and/or contusion (Smolders et al., 2013). The clini-
cal severity of IVDE can be graded using a modified Frankel score 
(MFS). The original Frankel score was described in 1969 for peo-
ple with traumatic myelopathy (Frankel et al., 1969). Alternative 
scoring systems that have been used in dogs incorporate ability 

to ambulate and presence of nociception (Davies & Sharp, 1983; 
Levine et al., 2006; Olby et al., 2014; Scott, 1997). Surgical treat-
ment of thoracolumbar IVDE has been associated with a functional 
recovery in 93% to 98.5% of dogs that retain nociception in the 
pelvic limbs, compared with 60% to 80% of dogs treated medically 
(Baumhardt et al., 2020; Davies & Sharp, 1983; Funkquist, 1962a, 
1962b; Langerhuus & Miles, 2017; Levine et al., 2007).

Studies suggest that 15.9% to 19% of Dachshunds are affected 
by IVDE (Ball et al., 1982; Packer et al., 2016), and up to 31% in a 
study of Finnish Dachshunds (Lappalainen et al., 2014). Identifying 
risk factors for the development of IVDE could help improve wel-
fare, management, breeding practices and clinical outcomes in the 
breed. To date, various studies have evaluated potential risk fac-
tors for IVDE in Dachshunds. Taller dogs and those with a larger 
pelvic circumference were found to be more frequently affected 
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in one study, while taller height at the withers and smaller pelvic 
circumference were associated with more severe spinal cord injury 
(Levine et al., 2006). In another study, Dachshunds that were skel-
etally smaller, had a higher body condition score (BCS) or a body 
length to height at withers ratio of more than 1.5 were found to 
have an increased risk of IVDE (Packer et al., 2013). Additionally, 
an increased incidence reported in two families of Dachshunds 
suggests a genetic risk factor (Ball et al., 1982), while insertion of 
a fibroblast growth factor (FGF4) retrogene on CFA12 has been 
associated with the risk of developing intervertebral disc disease in 
chondrodystrophic breeds (Brown et al., 2017).

A large retrospective study of 8117 dogs with intervertebral 
disc herniation found that, across all breeds included, neu-
tered females had a small increase in risk of intervertebral disc 
herniation (relative risk of 1.2) compared with intact females 
(Priester, 1976). Neutering status and age of neutering have also 
been studied as potential risk factors for the development of IVDE 
in Dachshunds (Dorn & Seath, 2018; Packer et al., 2016). One 
study found that early neutered female dogs had a risk ratio of 
2.12 for the development of IVDE and late neutered females of 
1.55 compared to intact females (Dorn & Seath, 2018). Another 
study assessed the neuter status of affected dogs, but not the age 
of neutering, and found that intact dogs were at significantly 
decreased odds of developing intervertebral disc disease (odds 
ratio: 0.38) (Packer et  al.,  2016). Both these studies obtained 
data on intervertebral disc disease via owner questionnaires and 
hence are subject to recall bias as well as likely variations in type/
severity of disc disease and means of diagnosis. A recent study of 
99 female intact and 212 female neutered Dachshunds reported 
that 38% of the intact females had intervertebral disc disorders, 
compared with 61% of females neutered at <6 months and 59% 
of females neutered at 6 to 11 months (Hart et  al.,  2020). In 
clinical veterinary practice, advice is frequently sought by owners 
on choice to neuter their pets and the optimum time to do so. 
This study aimed to retrospectively investigate both neuter status 
and age of neutering in female Dachshunds with thoracolum-
bar IVDE (TL- IVDE). We specifically investigated if neutering 
influences IVDE severity and recruited only dogs that underwent 
surgical treatment of TL- IVDE to ensure a confirmed diagnosis. 
Given existing data supporting an increased incidence of TL- 
IVDE in neutered dogs, we questioned if this was reflective of 
an earlier onset and/or increased severity of IVDE so resulting 
in more neutered dogs developing clinically detectable IVDE 
within their lifetime. We hypothesised that neutered female 
Dachshunds were affected at a younger age with TL- IVDE, with 
more severe neurological deficits and more extensive extrusion of 
disc material compared with intact females.

MATERIALS AND METHODS

Study design and inclusion criteria
Data were collected retrospectively from the Queen Mother 
Hospital for Animals electronic records from January 2009 to 
July 2021, and Cave Veterinary Specialists electronic records from 
January 2020 to December 2022. Search terms were “female,” 

“dachshund” and “hemilaminectomy.” Inclusion criteria were the 
availability of a clinical history that documented the date of neu-
tering or listed the dog as intact, a documented date of birth and 
surgical management of a TL- IVDE via hemilaminectomy. Dogs 
were excluded if medical records were incomplete or unavailable. 
Where available, BCS was noted at the time of hemilaminec-
tomy; dogs were not excluded if a BCS was not available.

Data collected
Cases were classified as “early neutered” if they were neutered 
before 12 months of age, “late neutered” if they were neutered 
at or over 12 months of age, and “intact” if they were listed on 
the referral hospital’s database as intact and there was no history 
of neutering in the clinical records from the referring veterinary 
surgeon.

Data collated from each dog included age at presentation, 
BCS, duration of clinical signs before presentation (days), neuro-
logical examination findings at presentation, length of extradural 
material relative to length of L2, maximum spinal cord compres-
sion and if the dog represented for a surgical TL- IVDE. The 
clinical severity of the neurological deficits on presentation was 
graded retrospectively using the MFS shown in Table 1. Using 
EUnity (by Mach 7, v.7.3.2- 334) length of extradural material 
was measured on CT sagittal reconstruction (bone window) or 
T2W sagittal high field (1.5 T) MR images and reported relative 
to sagittal length of the second lumbar vertebra (mm). Percentage 
spinal cord compression was calculated by dividing the cross- 
sectional area of the spinal cord on transverse CT or magnetic 
resonance imaging (MRI) at the level of maximum compression 
by the cross- sectional area measured immediately cranial to the 
compression (Gomes et  al., 2016). Follow- up information was 
obtained from re- examination appointments at the referral hos-
pitals; dogs presenting with surgically confirmed recurrent TL- 
IVDE at each institution were recorded as a repeat case.

Statistical analysis
Data were analysed using IBM SPSS Statistics (version 29.0.1.0). 
Descriptive statistics were calculated for each parameter assessed. 
Data were assessed for normality using the Shapiro–Wilk test, 
and presented as median and range where not normally dis-
tributed. The variable under study was neuter status. With the 
exception of BCS, all other evaluated variables were measures of 
disease. As BCS could feasibly influence both neuter status and 
disease variables, BCS was considered a potential confounder. 
Data were analysed using a general linear model or binary logistic 

Table 1. Grades of intervertebral disc extrusion clinical 
severity based on modified Frankel score (Scott, 1997)

Modified 
Frankel score

Presentation

Grade 0 No clinical signs of neurological dysfunction
Grade 1 Spinal hyperaesthesia, no neurological dysfunction
Grade 2 Ambulatory paraparesis
Grade 3 Non- ambulatory paraparesis
Grade 4 Paraplegic with intact nociception in pelvic limbs
Grade 5 Paraplegic with absent nociception in pelvic limbs 
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regression with parameter estimates. A P value of <0.05 was con-
sidered statistically significant.

Data analysis was then repeated but with a reduced data set in 
which only dogs neutered at 9 months old or less were included 
in the early neuter group, and only those neutered at 14 months 
or older in the late neutered group.

RESULTS

Of 227 dogs initially identified, 73 dogs were excluded due to 
lack of data on neuter status or time of neutering, leaving 154 
dogs that met the study inclusion criteria. Of these, 36 of 154 
(23.3%) were early neutered, 69 of 154 (44.8%) were late neu-
tered and 49 of 154 (31.8%) were intact. The median age of 
neutering was 0.58 years (range 0.17 to 0.92) for early neutered 
dogs and 1.50 years (range 1.00 to 6.17) for the late neutered 
dogs. Data are summarised in Table 2 and Figs S1 to S3.

The median age at presentation was 4.79 years for all dogs, 
4.7 years (range 2.0 to 8.0) for early neutered dogs, 5.0 years 
(range 2.2 to 11.3) for late neutered dogs and 4.4 years (range 
2.9 to 10.3) for intact dogs (P=0.18).

The BCS at presentation was available for 92 dogs; 21 early 
neutered, 44 late neutered and 27 intact dogs. The median BCS 
for all dogs was 5. There was no difference in BCS between early 
neutered (median, 5; range 4 to 8), late neutered (median, 5; 
range 4 to 8) and intact dogs (median, 5; range 3 to 8) (P=0.47). 
BCS was excluded as a potential confounder in this study given 
the lack of significant difference between neuter status groups 
and hence it was not taken forward to multi- variable statistical 
analysis.

There was no difference in duration of clinical signs between 
early neutered (median, 1 day: range 0 to 14), late neutered 
(median, 2: range 0 to 32) and intact dogs (median, 3: range 0 
to 50) (P=0.59).

The median MFS at presentation was 3 for all dogs. There was 
no difference in MFS between early neutered (median, 3; range, 
2 to 5), late neutered (median, 3; range, 2 to 5) and intact dogs 
(median, 3; range, 1 to 5) (P=0. 58).

Advanced imaging was available for review in 118 dogs. There 
was no difference in sagittal length of extradural material between 
early neutered (median, 1.2×L2; range 0.4 to 3.6), late neutered 
(median, 1.1; range 0.4 to 4.8) and intact dogs (median, 1.0; 
range 0.3 to 4.1) (P=0.49), nor in maximum spinal cord com-
pression (median, 46%; range; 28 to 78, median, 44%; range 24 
to 89, median, 50%; range 26 to 80 for early, late neutered and 
intact dogs respectively) (P=0.81).

Twenty- two dogs (14.3%) were re- presented for surgical 
management of a repeat TL- IVDE. Of these, seven were early 
neutered dogs (7/36, 19.4%), six were late neutered dogs (6/69, 
8.7%) and nine were intact dogs (9/49, 18.4%), with no detected 
difference between groups (P=0.22).

Grouping dogs into those neutered at <12 months old versus 
those neutered at 12 months or older was selected based on 
protocols used in previous studies (Dorn & Seath, 2018; Hart 
et  al.,  2020). However, such grouping could compare dogs Ta
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differing in neutering age by as little as 1 day and is dependent 
on accurate recording of the date of birth and of neutering. 
To attempt to reduce the potential impact of this, data analy-
sis was repeated using more disparate groupings: dogs neu-
tered at 9 months old or less in the early neuter group, and at 
14 months old or more in the late neutered group. This cohort 
consisted of 135 dogs in total; 29 early neutered, 57 late neu-
tered and 49 intact dogs. The summarised clinical variables 
for this cohort are shown in Table S1. There was no difference 
in studied variables between early neutered, late neutered and 
intact dogs.

DISCUSSION

This study aimed to determine if neutering of female Dachshunds, 
and in particular early neutering before 12 months of age, was 
associated with a more severe clinical presentation of TL- IVDE. 
In our study population, there was no detected difference in age 
at onset, duration of clinical signs, severity of neurological defi-
cits, extent of extradural material, maximum spinal cord com-
pression nor recurrence of TL- IVDE between early neutered, late 
neutered and intact female Dachshunds.

Previous studies have documented an increased risk of IVDE 
in neutered Dachshunds, and that risk is further elevated in 
early neutered dogs (Dorn & Seath, 2018; Hart et al., 2020; 
Packer et al., 2016). We then hypothesised that neutering was 
associated with a more severe phenotype of TL- IVDE, specifi-
cally earlier onset, more severe neurological deficits and more 
extensive extruded disc material. However, within our study 
population, we found no significant difference in these vari-
ables suggesting that, while neutering appears to increase the 
risk of developing IVDE, it does not significantly alter the 
severity of the IVDE in affected individuals. That being said, 
the range in age at presentation, sagittal extent of extruded 
disc material and severity of associated spinal cord compres-
sion was considerable across all three groups, suggesting that 
this condition is highly heterogenous. As such, our relatively 
small group sizes might have failed to detect differences in the 
studied variables. A post- hoc sample size calculation using 
the mean age at presentation for early neutered dogs (5.03, 
standard deviation 1.31) compared to the mean of intact dogs 
(4.77), assuming a power of 80% and type 1 error rate of 0.05, 
estimates a required sample size of 200 dogs. A similar cal-
culation but comparing late neutered and intact dogs (mean 
age of presentation 5.34, standard deviation 1.83) estimates a 
required sample size of 81. While it is important to acknowl-
edge that post- hoc power calculations can have limited value 
(Zhang et  al.,  2019), future studies could consider enrolling 
a larger study population to ensure sufficient power across all 
evaluated variables.

A higher BCS has been documented in neutered dogs 
compared with intact dogs (Colliard et  al.,  2006; Edney & 
Smith,  1986). Furthermore, higher BCS has been identified 
as a risk factor for the development of IVDE in Dachshunds 
(Packer et al., 2016), as well as a contributor to other diseases, 

such as cranial cruciate ligament rupture (Adams et al., 2011). 
Interestingly, one study reported that an increase in BCS did 
not influence the rate of recovery in Dachshunds undergoing 
hemilaminectomy for the management of TL- IVDE (Gordon- 
Evans et  al.,  2018). In our study, there was no difference in 
median BCS between early neutered, late neutered and intact 
dogs, and hence BCS was not considered as confounder for 
further statistical analysis.

The MFS was used to grade severity of neurological deficits 
on presentation. A higher MFS at presentation has been associ-
ated with longer recovery times and poorer functional outcomes 
(Baumhardt et  al.,  2020; Ingram et  al.,  2013; Langerhuus & 
Miles, 2017). No difference in median MFS was detected between 
the three groups in this study, suggesting that neuter status and 
age of neutering do not affect the severity of clinical presentation 
in female Dachshunds with TL- IVDE. However, this result could 
be influenced by the small group sizes, limited discrimination 
affording by the ordinal nature of the MFS and/or inaccuracies 
inherent in deriving a MFS retrospectively from clinical records 
(Van Wie et al., 2013). Continuous scoring systems, such as the 
open field score (OFS) have improved discrimination and could 
be considered in future prospective studies (Olby et al., 2014).

This retrospective study has several important limitations. 
Only female Dachshunds were evaluated, data was collected from 
only two referral hospitals and the group sizes were small, which 
might have resulted in underpowering of the study. Dogs were 
categorised into early or late neutered groups but future stud-
ies could evaluate age of neutering as a continuous variable or 
consider alternative age cut offs for dichotomized analysis. While 
the duration of clinical signs before presentation was recorded, 
the nature and duration of prior medical management were not 
evaluated given the highly heterogenous treatments administered 
(and duration of those treatments) before referral. Two variables 
were recorded on advanced imaging: sagittal length of extradural 
material relative to the length of L2 and maximum spinal cord 
compression. Both variables have inherent limitations, including 
the inability to distinguish extradural haemorrhage from extruded 
nucleus pulposus, and the subjectivity of identifying the adjacent 
“non- compressed” spinal cord for comparison. Furthermore, both 
CT and MRI were used to calculate these variables with inevi-
table discrepancies in the precise sensitivities for bone and soft 
tissue discrimination between these imaging modalities. Intrinsic 
spinal cord changes (e.g. severity of contusive injury) were not 
evaluated in this study. Only female Dachshunds requiring sur-
gical intervention were included to ensure a definitive diagno-
sis was reached, and there was no control population of female 
Dachshunds without IVDE. Follow- up information was limited 
to dogs that were re- presented to the referral hospital and required 
repeat surgical management, and hence is likely to underestimate 
the true number of dogs with recurrent TL- IVDE. Additionally, 
details of the recurrent extrusion (such as severity of neurological 
deficits, affected intervertebral disc) were not evaluated, nor was 
the rate and extent of recovery following surgical treatment.

In summary, there was no difference in age at presentation, 
duration of clinical signs, MFS, extent of extruded disc material, 
maximum spinal cord compression and recurrence of surgically 
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managed TL- IVDE between early neutered, late neutered and 
intact female Dachshunds. Future prospective studies to investigate 
the consequences of neutering on degeneration of the intervertebral 
discs (potentially via advanced imaging monitoring and histopatho-
logical evaluation) and subsequent development of IVDE would be 
worthwhile, alongside efforts to determine if there is an identifiable 
age of neutering at which the risk of IVDE decreases.

Acknowledgements
The authors would like to thank Dr Yu- Mei Ruby Chang for 
support with the statistical analysis.

Author contributions
Laura Doeven: Conceptualization (equal); data curation (lead); 
writing – original draft (lead). Thomas Cardy: Data curation 
(equal); writing – review and editing (supporting). Abbe Harper 
Crawford: Conceptualization (equal); data curation (equal); for-
mal analysis (lead); supervision (lead); writing – review and edit-
ing (lead).

Conflict of interest
None of the authors of this article has a financial or personal 
relationship with other people or organisations that could inap-
propriately influence or bias the content of the paper.

Data availability statement
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

References
Adams, P., Bolus, R., Middleton, S., Moores, A.P. & Grierson, J. (2011) Influence of 

signalment on developing cranial cruciate rupture in dogs in the UK. Journal of 
Small Animal Practice, 52, 347–352.

Ball, M.U., McGuire, J.A., Swaim, S.F. & Hoerlein, B.F. (1982) Patterns of occur-
rence of disk disease among registered dachshunds. Journal of the American 
Veterinary Medical Association, 180, 519–522.

Baumhardt, R., Ripplinger, A., Aiello, G., Schwab, M.L., Ferrarin, D.A., Wrzesinski, 
M.R. et al. (2020) Clinical management of dogs with presumptive diagnosis of 
thoracolumbar intervertebral disc disease: 164 cases (2006- 2017). Pesquisa 
Veterinária Brasileira, 40, 55–60.

Brown, E.A., Dickinson, P.J., Mansour, T., Sturges, B.K., Aguilar, M., Young, A.E. 
et  al. (2017) FGF4 retrogene on CFA12 is responsible for chondrodystrophy 
and intervertebral disc disease in dogs. Proceedings of the National Academy of 
Sciences, 114, 11476–11481.

Colliard, L., Ancel, J., Benet, J.- J., Paragon, B.M. & Blancenterd, G. (2006) Risk fac-
tors for obesity in dogs in France. The Journal of Nutrition, 136, 1951S–1954S.

Davies, J.V. & Sharp, N.J.H. (1983) A comparison of conservative treatment and 
fenestration for thoracolumbar intervertebral disc disease in the dog. Journal of 
Small Animal Practice, 24, 721–729.

Dorn, M. & Seath, I.J. (2018) Neuter status as a risk factor for canine interverte-
bral disc herniation (IVDH) in dachshunds: a retrospective cohort study. Canine 
Genetics and Epidemiology, 5, 11.

Edney, A. & Smith, P. (1986) Study of obesity in dogs visiting veterinary practices 
in the United Kingdom. Veterinary Record, 118, 391–396.

Evans, H. & de Lahunta, A. (2013) Chapter 5: Arthrology. In: Miller’s anatomy of 
the dog. St. Louis, MO: Elsevier Saunders, pp. 158–184.

Frankel, H.L., Hancock, D.O., Hyslop, G., Melzak, J., Michaelis, L.S., Ungar, G.H. 
et al. (1969) The value of postural reduction in the initial management of closed 
injuries of the spine with paraplegia and tetraplegia. Spinal Cord, 7, 179–192.

Funkquist, B. (1962a) Thoracolumbar disk protrusion with severe cord compres-
sion in the dog III. Treatment by decompressive laminectomy. Acta Veterinaria 
Scandinavica, 3, 344–366.

Funkquist, B. (1962b) Thorado- lumbar disk protrusion with severe cord compres-
sion in the dog. II. Clinical observations with special reference to the prognosis 
in conservative treatment. Acta Veterinaria Scandinavica, 3, 317–343.

Gomes, S.A., Volk, H.A., Packer, R.M., Kenny, P.J., Beltran, E. & de Decker, S. (2016) 
Clinical and magnetic resonance imaging characteristics of thoracolumbar 
intervertebral disk extrusions and protrusions in large breed dogs. Veterinary 
Radiology & Ultrasound, 57, 417–426.

Gordon- Evans, W.J., Johnson, A.L., Knap, K.E. & Griffon, D.J. (2018) The effect 
of body condition on postoperative recovery of dachshunds with interverte-
bral disc disease treated with postoperative physical rehabilitation. Veterinary 
Surgery, 48, 159–163.

Hart, B.L., Hart, L.A., Thigpen, A.P. & Willits, N.H. (2020) Assisting decision- making 
on age of neutering for 35 breeds of dogs: associated joint disorders, cancers, 
and urinary incontinence. Frontiers in Veterinary Science, 7, 388.

Ingram, E.A., Kale, D.C. & Balfour, R.J. (2013) Hemilaminectomy for thoracolumbar 
Hansen type I intervertebral disk disease in ambulatory dogs with or without 
neurologic deficits: 39 cases (2008- 2010). Veterinary Surgery, 42, 924–931.

Langerhuus, L. & Miles, J. (2017) Proportion recovery and times to ambulation for 
non- ambulatory dogs with thoracolumbar disc extrusions treated with hemilami-
nectomy or conservative treatment: a systematic review and meta- analysis of 
case- series studies. Veterinary Journal, 220, 7–16.

Lappalainen, A.K., Vaittinen, E., Junnila, J. & Laitinen- Vapaavuori, O. (2014) 
Intervertebral disc disease in dachshunds radiographically screened for inter-
vertebral disc calcifications. Acta Veterinaria Scandinavica, 56, 89.

Levine, J.M., Levine, G.J., Kerwin, S.C., Hettlich, B.F. & Fosgate, G.T. (2006) 
Association between various physical factors and acute thoracolumbar inter-
vertebral disk extrusion or protrusion in dachshunds. Journal of the American 
Veterinary Medical Association, 229, 370–375.

Levine, J.M., Levine, G.J., Johnson, S.I., Kerwin, S.C., Hettlich, B.F. & Fosgate, G.T. 
(2007) Evaluation of the success of medical management for presumptive thora-
columbar intervertebral disk herniation in dogs. Veterinary Surgery, 36, 482–491.

Olby, N.J., Lim, J.- H., Babb, K., Bach, K., Domaracki, C., Williams, K. et al. (2014) 
Gait scoring in dogs with thoracolumbar spinal cord injuries when walking on a 
treadmill. BMC Veterinary Research, 10, 58.

Packer, R.M.A., Hendricks, A., Volk, H.A., Shihab, N.K. & Burn, C.C. (2013) How 
long and low can you go? Effect of conformation on the risk of thoracolumbar 
intervertebral disc extrusion in domestic dogs. PLoS One, 8, e69650.

Packer, R.M.A., Seath, I.J., O’Neill, D.G., De Decker, S. & Volk, H.A. (2016) 
DachsLife 2015: an investigation of lifestyle associations with the risk of inter-
vertebral disc disease in dachshunds. Canine Genetics and Epidemiology, 3, 8.

Priester, W.A. (1976) Canine intervertebral disc disease – occurrence by age, 
breed, and sex among 8,117 cases. Theriogenology, 6, 293–303.

Scott, H.W. (1997) Hemilaminectomy for the treatment of thoracolumbar disc dis-
ease in the dog: a follow- uo studv of 40 cases. Journal of Small Animal Practice, 
38, 488–494.

Smolders, L.A., Bergknut, N., Grinwis, G.C.M., Hagman, R., Lagerstedt, A.S., 
Hazewinkel, H.A.W. et al. (2013) Intervertebral disc degeneration in the dog. 
Part 2: Chondrodystrophic and non- chondrodystrophic breeds. The Veterinary 
Journal, 195, 292–299.

Van Wie, E.Y., Fosgate, G.T., Mankin, J.M., Jeffery, N.D., Kerwin, S.C., Levine, G.J. 
et al. (2013) Prospectively recorded versus medical record- derived spinal cord 
injury scores in dogs with intervertebral disk herniation. Journal of Veterinary 
Internal Medicine, 27, 1273–1277.

Zhang, Y., Hedo, R., Rivera, A., Rull, R., Richardson, S. & Tu, X.M. (2019) Post 
hoc power analysis: is it an informative and meaningful analysis? General 
Psychiatry, 32, e100069.

Supporting Information
Additional supporting information may be found online in the 
Supporting Information section at the end of the article.
Figure S1. Age at presentation (rounded to nearest year) of 
154 female dachshunds presented with surgically treated TL- 
IVDE. Dogs were separated into early neutered (neutered at less 
than 12 months of age), late neutered (neutered at more than 
12 months of age) and not neutered groups.
Figure S2. Comparison between age of neutering and age of 
presentation in 105 female dachshunds with surgically treated 
TL- IVDE. There was no statistically significant difference 
between the two groups in age at presentation for hemilami-
nectomy.
Figure S3. Body condition score (BCS) at presentation of 154 
female dachshunds with surgically treated TL- IVDE. Dogs were 
separated into early neutered (neutered at less than 12 months of 
age), late neutered (neutered at more than 12 months of age) and 
not neutered groups.
Table S1. Summarised clinical variables for female dachshunds 
neutered at 9 months or less (early neutered group), 14 months or 
older (late neutered group) and intact dogs with surgically man-
aged thoracolumbar intervertebral disc extrusion.
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