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Abstract

Intervertebral disc disease, as well as the associated alteration of the radiographic

intervertebral disc space width, has been reported in horses. Disc height index (DHI)

has proven to be an accurate and objective parameter in other species but data related

to this parameter are lacking in horses. Therefore, the aims of this retrospective longi-

tudinal diagnostic accuracy study were (a) to evaluate the reliability of measurements

within and between observers of the equine Disc Width Index (EDWI) as a parame-

ter for radiographic equine cervical intervertebral disc spacewidth, and (b) to evaluate

the sequential development of the EDWI over time. For this, EDWI from all interver-

tebral disc spaces between second cervical (C) to first thoracic (Th) vertebrae were

obtained in a group of 39 Dutch Warmblood horses at 1, 5, and 18 months of age, by

one European College of Veterinary Diagnostic Imaging (ECVDI) board-certified vet-

erinary radiologist (S.V.) and two veterinary students. Bland-Altmann plots and intra-

class Correlation Coefficient revealed a good intra- and interobserver agreement. A

linear mixed-effect model did reveal that mean EDWI increases significantly toward

the caudal cervical spine, but did not differ significantly for a certain location over time

or between sexes. Spearman’s rank test did show a significant correlation between

the vertebral alignment angle induced by different head-neck positions and a normal-

ized EDWI (ρ = 0.33, P < .0001). Student’s t-test revealed that the presence of C6-C7

transposition of the transverse processes did not influence EDWI significantly. It was

concluded that EDWI represents a reliable parameter for equine cervical radiographic

intervertebral disc space width. Practical implementation of EDWI warrants monitor-

ing in a group of adult horses while maintaining a standardized head-neck position.

Abbreviations: Bwt, body weight; C, cervical; DHI, disc height index; DICOM, Digital Imaging and Communication inMedicine; ECVDI, European College of Veterinary Diagnostic Imaging; EDWI,

equine disc width index; i.v., intravenous; ICC, intraclass correlation coefficient; Min-max, minimum tomaximum; Th, thoracic; VAA, vertebral alignment angle.
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1 INTRODUCTION

Intervertebral disc disease such as disc protrusion, extrusion, dis-

cospondylitis, or ischemic myelopathy due to a disc extrusion related

fibrocartilaginous spinal infarct, is common in dogs and humans.1–3

However, it appears to be uncommon in horses, as only incidental

case descriptions have been published.4–10 Although clinical signs

such as pain, spasticity, and spinal ataxia have been reported in these

cases of intervertebral disc disease, the clinical impact of interverte-

bral disc degeneration in the aging horse was always considered to

be low.11 However, in more recent years cervical vertebral column

pathology is increasingly recognized clinically as a source of lame-

ness or poor performance in horses.12,13 Degeneration of the cervical

intervertebral disc has been described as disintegration of the discal

fibrocartilaginous tissues with end stage cleft formation and a macro-

scopic degeneration,11 for which recently a grading system has been

developed.14 Narrowing of the intervertebral disc space can be a fea-

ture of intervertebral disc degeneration and herniation as described in

humans and several animal models, but also in horses3,15–18. Interver-

tebral disc space width has been defined and monitored by disc height

calculation on lateral radiographs of the spine in humans and in several

animal models.15–17

Morphologic variations, consisting of transposition of the trans-

verse processes from C6 to C7, have a higher incidence inWarmblood

horses19,20 and were possibly associated with a longer C7 vertebral

body length and a wider intervertebral disc space between C6 and

C7.19 However, intra- and interobserver agreement for determination

of the cervical intervertebral disc space width in horses has not been

established yet.Measurements and evaluation of the equine discwidth

index (EDWI) were introduced in this study to support future research

in this area of the equine neck.

Therefore, we first hypothesized that the reliability of measure-

ments within and between observers of the EDWI as a quantitative

parameter for radiographic equine cervical intervertebral disc space

width fromC2 to Th1would be high.We hypothesized that the natural

development of the intervertebral disc spacewidth in a group of young,

healthy horses by sequential measurements at 1, 5, and 18 months of

age, would be equal to lengthening of the adjacent vertebra and hence

EDWIwould be consistent over time.

2 MATERIALS AND METHODS

2.1 Data collection

Archived radiographic studies of the cervical vertebral column that had

been taken at the private equine veterinary clinic “DeWatermolen” for

breeding screening purposes of foals born between February and June

2015 were used for this retrospective observer comparison and lon-

gitudinal observational study (STARD guidelines applied). Foals were

selected for breeding screeningwhen theywere 1-month old andwere

radiographically examined at this time, at the time of weaning at 5

months and at 18monthswhen the young horses came in from the pas-

ture. Decisions for subject inclusion or exclusion weremade by a Euro-

pean College of Veterinary Surgery (ECVS) board-certified equine vet-

erinary surgeon (C.S.).

The radiographswere evaluated in a freewareDICOMviewer (Radi-

Ant DICOM viewer, Medixant, Poland) and measurements were made

on latero-lateral radiographic views.During this reviewing andmeasur-

ing, radiographs were only rejected if dorso-ventral or cranio-caudal

obliquitydeviatedmore than10◦ fromthe latero-lateral view.All radio-

graphs in which the articular processes superimposed the interverte-

bral foramenbymore than∼50%were rejected. The intervertebral disc

space was only measured when clearly visible. All decisions for inclu-

sion or exclusion of radiographs in the study were made by an ECVDI

board-certified veterinary radiologist.

2.2 Data acquisition

The EDWI was calculated after measuring the intervertebral disc

width (D+E+F) and vertebral length (A+B+C) of the cranial vertebra

on three levels and defined as follows: EDWI = (D+E+F)/(A+B+C)

(Figure 1,2).17 For measurement of the intervertebral disc space width

of C2-C3, the vertebral reference lines fromC3were used.

Measurements to calculate the EDWI of the horses at 1 month

were made twice with a 2-week interval by a fifth year veterinary stu-

dent (DS) and a European College of Veterinary Diagnostic Imaging

(ECVDI) board-certified radiologist (S.V.). Measurements of the horses

at 5 months old were made once by a fourth-year veterinary student

(R.dB.) and a board-certified radiologist (S.V.), who also measured the

horses once at 18months old. The fourth year student (RdB)measured

C2-C3, C3-C4, and C4-C5 of the horses at 5 months old a second time

2weeks after the first measurement.

A possible effect of the vertebral column curvature representing

the head-neck position (flexion, neutral, or extension) was evaluated

by measuring the vertebral alignment angle (VAA) of the horses at 18

months (Figure 1). For this purpose, an alternative calculation of EDWI

was introduced to create a so-called normalized dorsal-ventral DHI

as described by Schmidt et al.21 This was defined as dorsal-ventral

EDWI = ((D/B)/(F/B)), mean EDWI being ((D/B)+(E/B)+(F/B)/3))

and the normalized dorsal-ventral EDWI = (((D/B)/(F/B))/mean

EDWI).21 The central vertebral reference line (B) was used in all

calculations to rule out any difference between dorsal-mid-ventral

measurements, except dorsal-mid-ventral intervertebral disc space

width.
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F IGURE 1 Latero-lateral radiograph of the neck of an 18-month-old DutchWarmblood horse. Equine DiscWidth Index
(EDWI)= (D+E+F)/(A+B+C) (white lines at vertebral body and black lines at intervertebral disc space). Normalized dorso-ventral
EDWI= (((D/B)/(F/B))/meanDHI) withmean EDWI= ((D/B)+(E/B)+(F/B)/3)).
The vertebral alignment angle (VAA) at C4-C5 is indicated by the white arrows.
kVp 75, mAs 30, bone algorithm

F IGURE 2 Latero-lateral radiograph of the cranial part (A) and caudal part (B) of the neck of an 18-month-old DutchWarmblood horse. A)
Vertebral alignment angle at C2-C3was 188 degrees. B) Vertebral alignment angle at C6-C7was 172 degrees. Note the transposition of the caudal
part of the transverse process fromC6 (*) to C7(#). kVp 75–85, mAs 30–40, bone algorithm

The presence or absence of congenital vertebral morphologic vari-

ation at C6 and C7 consisting of transposition of the transverse pro-

cesses was recorded only in the 18-month-old horses.

2.3 Statistical analysis

Statistical analysis was performed by an ECVDI- board-certified vet-

erinary radiologist (S.V.) using commercially available software (SPSS

version 24.0, IBM Statistics for Windows, USA) and a statistician (J.V.)

using freely available software (R https://www.r-project.org/).20 The

EDWI per intervertebral disc location was summarized as mean, stan-

dard deviation (SD), and range (min-max). A Shapiro-Wilk test was per-

formed to evaluate for normal distribution of EDWI data hence para-

metric statistics applied for all except the effect of vertebral alignment

angle on EDWI. For assessing the repeatability of the EDWI determi-

nation, the inter-observer and intra-observer variability at one month

of age and inter-observer variability at 5months of agewere evaluated

by Bland-Altman plots and the calculated intraclass correlation coeffi-

cient (ICC).

A linear mixed effect model21,22 was used to analyze the associ-

ation between the outcome of EDWI (measured by the radiologist)
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and location, age, and sex, and the interaction between location and

age as explanatory factors. Horse was added to the model as random

effect to take the correlation between repeated observations within

a horse into account. Age was also used as random slope to account

for the correlation between observations at different ages. The model

was adjusted by a variance function to account for different variabil-

ity per location. Themodel was reparametrized to compare the change

of EDWI in course of time per location. The validity of the model was

assessed by studying the residuals for normality and constant variance.

The Akaike’s Information Criterion was used to select the best model.

A possible effect of angulation of the neck due to altering head-neck

position on EDWIwas evaluated once at 18months by applying Spear-

man correlation rank test between the vertebral alignment angle at

18 months and the normalized dorsal-ventral EDWI at that age for all

discs. Also, a possible effect of the presence of C6-C7 transposition of

the transverse processes on the EDWI at C6-C7 was evaluated using

an independent samples Student t-test. For all tests, a P-value of <.05

was considered significant.

3 RESULTS

The sample group consisted of n= 39 young DutchWarmblood horses

(Royal Dutch Sport Horses, n = 24 colts and n = 15 fillies). The young

horseswere sedated before the radiographic exams took place at 5 and

18 months with acepromazine (Neurotranq, Alfasan, Woerden, The

Netherlands) (0.05 mg/kg bwt i.v.), and detomidine (Detogesic, Zoetis,

Capelle a/d IIssel, The Netherlands) (0.01 mg/kg bwt i.v.). Right latero-

lateral radiographs were obtained (Fujifilm PcCR with 24 × 30 cm

cassettes Fuijifilm Medical Systems France S.A.S., Steenbergen, The

Netherlands; Philips S80, Philips Healthcare, Eindhoven, Netherlands)

at settings of 55-60 kV, 15-20mAs, and a focus-filmdistance of 100 cm.

The images were saved in DICOM format.

No intervertebral disc degeneration was presumed to be present

because of the young age of the horses. During the 18-month period

a daily visual check of the total group was performed, and medical

records were available for all young horses. None of the young horses

had clinical signs related to the vertebral column, neither was any

known to have suffered any form of trauma.

Including only the latero-lateral views that were of sufficient qual-

ity resulted in a varying number of included foals per age and interver-

tebral disc space location. The number of foals ranged between eight

(mostly C7-Th1) and 35 foals and only these were included for further

statistical analysis (Table 1). Measurements were mostly not possible

at C7-Th1 due to a reduced visibility of the intervertebral disc space by

superimposed musculature of the fore limbs. The mean EDWI over all

horses increased from cranial to caudal at the consecutive interverte-

bral disc spaces with a wide range at certain locations (Table 1). Bland-

Altman plots were created with the inclusion of limits of agreement

(Supporting Information S2).

The bias within observers at one month is 0.0024 for the radiol-

ogist and −0.0004 for the student. The bias between observers was

0.0024 for the first measurements of radiologist and student and was

0.00026 for second measurements. At 5 months, the bias between

measurements within observer (student) was −0.00053 and the bias

between radiologist and student was −0.0012. The intra- and interob-

server limits of agreement varied approximately between −0.01 and

+0.01, except for the student at 5 months. Limits of agreement were

approximately between 0.002 and −0.003 within observer. The ICC

overall was 0.88 (Table 2) or even higher for both intra- and interob-

server agreement regardless of location. Intraclass correlation coef-

ficient per location varied between 0.78 and 0.98 for intra-observer

agreement and between 0.62 and 0.96 for interobserver agreement.

Interobserver agreement was slightly better at C6-C7 and C7-Th1 for

the secondmeasurement than for the first at 1month of age (Table 2).

Results of the analysis to assess the association of EDWI with

location in the neck and age are presented in Table 3. Sex was excluded

for further analysis as inclusion did not contribute to the model fit. At

5 months of age, the mean EDWI at location C2-C3 was slightly

smaller than the mean EDWI at C3-C4; C6-C7 and C7-Th1

were significantly larger than C3-4. At 1 month, mean EDWI

at all locations was not significantly smaller compared to

5 months of age. At 18 months, mean EDWI at C2-C3 was larger,

and mean EDWI at all other locations was smaller compared to the

mean EDWI at the same location at 5 months of age, but not signifi-

cantly. On average, themean EDWI at 18months at all locations except

C2-C3 was closer to the mean EDWI at 1 month than to the mean

EDWI at 5months.

The mean vertebral alignment angle at 18 months varied between

175◦ at C5-C6 and 190◦ at C2-C3 (SD: 9◦), while the normalized

dorsal-ventral EDWI had an overall mean of 25.4 (SD: 7.2). A low

but significant correlation was found between the vertebral align-

ment angle and normalized dorsal-ventral EDWI (ρ = 0.33, P < .0001;

Table 4). There were 10 foals (10/28) that had recognizable transposi-

tion of the transverse processes at C6-C7 at 18 months. The EDWI at

18 months between horses with or without transposition of the trans-

verse processes did not differ significantly (Mean difference=−0.007,

95% confidence interval−0.024–0.01, P= .78).

4 DISCUSSION

This study aimed to describe intra- and interobserver agreement for

the evaluation of equine cervical intervertebral disc space width by

means of calculation of the equine discwidth index (EDWI), ameasure-

ment previously termed disc height index (DHI) in other species than

the horse.15–17 The outcome of this study presented initial reference

values (mean ± 2SD; Supporting Information 1) for this new parame-

ter in horses. It was based on measurements from a group of sound

young horses, using a parameter with a good intra- and interobserver

agreement. Interobserver agreement became even slightly better for

the second measurement at one month of age at C6-C7 and C7-Th1

between the radiologist and student A, possibly indicating a learning

effect.22 The number of available observations at C7-Th1 was much

lower at the age of 18 months primarily due to decreased visibility of

the intervertebral disc as a result of superposition of soft tissues of
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the fore limbs. The EDWI was associated with a combination of the

fixed factors “location” and “time,” showing an increase in mean EDWI

at all locations except C2-C3 between 1 and 5 months of age, but this

increase had disappeared at 18months except for the locations C5-C6

andC6-C7. This indicated that effectively there is no significant change

over time of the EDWI from one to 18-months however there is a tem-

porary increase from1 to5months and adecrease from5 to18months

of age. The increase at 5 months might possibly reflect a temporary

disproportional growth with more rapid lengthening of the vertebral

body at this age, whereas a slower vertebral growth pattern is present

towards 18 months. Slowing down of the increase in withers height

and body weight from 18 months onward could represent this slower

growth rate after 18months.23,24 Although the cranial physeal closure

occurs around two years and the caudal physis closes around4 years,25

the EDWI reference values at 18 months of age might therefore be

approaching theadult situation. TheVAAalso showeda lowcorrelation

with the normalized dorsal-ventral EDWI. These results suggest that a

standardized head- and neck position aswell as sedating the horsemay

improve outcomewhenmeasuring the intervertebral disc space width,

but further research is needed.

It has been described that the composition of the cervical inter-

vertebral disc in horses differs from that in humans and compan-

ion animals.11,14 In horses, the annulus fibrosis comprises the largest

part of the intervertebral disc, whereas the nucleus pulposus is much

smaller than in other species.11,14 Narrowing of the intervertebral disc

space due to the presence of C6-C7 transposition of the transverse

processes, congenital vertebral morphologic variation, degenerative

herniation, or even discospondylitis with severe clinical signs in these

horses has been described.4-8,18,19,26 However, the intervertebral disc

space width of horses without clinical signs has not been evaluated in

these studies. Intervertebral disc degeneration is an ongoing process

andhas beendescribed to start in humans during the first decade of life

withmolecular and structural changes such as loss of lamellar arrange-

ment of the annulus fibrosis.27-29 Quantitative evaluation of the inter-

vertebral disc space height has been implemented in humans.29 Radio-

graphically determined DHI has proven to be a good parameter in

human and animal studies to monitor the intervertebral space width

during degeneration but also regeneration.15–17,31,32 As the cervical

vertebral spine of the horse has a different morphology, curvature and

shape, a similarDHIapproachhad tobeevaluated first before this tech-

nique could be recommended for routine clinical application or devel-

opment of measurement software. For this, one of the recorded DHI

methods has been applied and creating the EDWI,with three reference

lines in the cranial vertebral body and threemeasurements of the inter-

vertebral disc space width.17 This method was preferred over others,

as the head-neck position has a large effect on the curvature and hence

the intervertebral alignment of the long and flexible equine neck; there

are no such effects on the far more rigid thoracolumbar column.15,16,31

This approach of determining the EDWI was shown to be a repeatable

method in young horses. The agreement interval was moderately wide

with limits of agreementwerebetweenaround -0.01 and+0.01. There-

fore, some reservations are needed at this stage, as criteria for what

is biologically acceptable are not known yet in horses. Future estab-
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TABLE 3 Parameter estimates from the regressionmodel for the differences in mean Equine DiscWidth Index per location in the neck for the
sampled foals, related to age

Parameter Estimate 95%Confidence interval

Age 5months

LocationC2-C3: age 52 −0.0001 −0.0027 0.0025

InterceptC3-C4: age 51 0.0499 0.0475 0.0523

LocationC4-C5: age 52 0.0040 0.0013 0.0066

LocationC5-C6: age 52 0.0081 0.0055 0.0108

LocationC6-C7: age 52 0.0168 0.0136 0.0200

LocationC7-T1: age 52 0.0224 0.0183 0.0264

Comparedwith age 5months

Location C2-C3:age 13 −0.0011 −0.0037 0.0015

Location C3-C4:age 13 −0.0050 −0.0077 −0.0023

Location C4-C5:age 13 −0.0065 −0.0091 −0.0039

Location C5-C6:age 13 −0.0079 −0.0105 −0.0053

Location C6-C7:age 13 −0.0101 −0.0137 −0.0064

Location C7-Th1:age 13 −0.0087 −0.0133 −0.0040

Comparedwith age 5months

Location C2-C3:age 183 −0.0078 −0.0108 −0.0048

Location C3-C4: age 183 0.0066 −0.0097 −0.0035

Location C4-C5:age 183 −0.0051 −0.0082 −0.0021

Location C5-C6:age 183 −0.0002 −0.0033 0.0029

Location C6-C7:age 183 −0.0037 −0.0078 0.0005

Location C7-Th1:age 183 −0.0054 −0.0120 0.0012

EDWI, Equine DiscWidth Index1 Estimatedmean EDWI at the reference location C3-C4 at age 5month.
2
Estimated difference betweenmean EDWI at specified location andmean EDWI at C3-C4 at 5months of age (= reference).3 Estimated difference between

mean EDWI at specified location and age (1 or 18months) andmean EDWI at the same location at 5months of age.

TABLE 4 Means and ranges for vertebral alignment angle and
normalized dorsal-ventral Equine DiscWidth Index values in sampled
foals

VAA (degrees) Normalized DV-EDWI

Mean (min-max) Mean (min-max)

Overall 180 (158−200) 25.4 (12.9−49.8)

C2-C3 190 (181−200) 33.7 (21.4−49.8)

C3-C4 186 (181−197) 24.3 (15.4−36.2)

C4-C5 178 (172−190) 23.9 (15.7−39.7)

C5-C6 175 (170−185) 21.4 (12.9−32.2)

C6-C7 168 (158−177) 23.2 (13.95−42.6)

The VAA (vertebral alignment angle) in degrees and normalized DV-EDWI

(dorsal-ventral equine disc width index) were recorded for interverte-

bral disc spaces C2-C3 to C7-C7 and overall as a mean and range from

min(minimum) tomax (maximum);.

lishment of EDWI reference values for the adult non-degenerated and

degenerated equine intervertebral disc is needed. As the composi-

tion of the equine intervertebral disc is slightly different from other

species, degeneration has possibly a different effect on intervertebral

disc space width compared to species with a less fibrous nucleus pul-

posus such as dogs and humans. Themacroscopic yellow discoloration,

fibrillation and cleft formation as described in the horse14 could be a

pre-stage of collapse, as seen in end-stage discospondylitis.18,19

Limitations of this study include the fact that measurements were

performed in young horses up to 18 months, but not in adult horses

and the sample size was relatively small. Increased DHI due to widen-

ing of the radiographic intervertebral disc space has been reported

as part of disc regeneration.31 Widening of the dorsal part of the

intervertebral disc space during flexion or ventral part of the inter-

vertebral disc space in the equine neck during extension could alter

EDWI as well, as evidenced by the significant association between the

vertebral alignment angle and normalized dorsal-ventral DHI. In this

study, there was no standardized head and neck position with vari-

ation present in head height and latero-lateral angulation. Although

standardization would be preferred, most standard measurements in

the equine cervical spine (such as minimal sagittal diameter, intraver-

tebral sagittal diameter ratio and vertebral fossa angle) have been

found to be equal or only minimally different in neutral versus low

or high neck position.32 Therefore, some margin for error in position-

ing horses for radiographs of the neck may be acceptable. Further

investigation and evaluation of positioning effects on EDWI should be

considered.
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In this study, the assumption was made that foals or young horses

are not prone to disc degeneration yet, but we could not fully exclude

occurrence of an unnoted traumatic insult, as the foals were kept in

the fields as a group. Occurrence of any substantial form of traumawas

deemedhighly unlikely, however, as noneof the foals exhibited any clin-

ical signs related to the vertebral columnduring the courseof the study.

In conclusion, findings indicated that EDWI is a reliable and repeat-

able radiographic method for quantifying cervical intervertebral disc

space width in young horses. Findings also provided reference values

for EDWI in clinically normal young horses that can be used as back-

ground in future studies. The EDWI did not alter significantly in time

per location in young horses up to 18 months; however, a growth peak

at 5 months was noted. Authors recommend that the head-neck posi-

tion be standardized in future studies when determining the EDWI

with head height just above the level of the shoulders. Further evalua-

tion of this method is also needed in a larger population of adult warm-

blood horseswith the concomitant degenerative status of the interver-

tebral discs known.
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