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Summary: Diagnostic imaging is a mainstay in the investigation of equine neck and back pain, but interpretation of radiographic and ultra-
sonographic findings in the spinal column of horses is not straightforward for a variety of reasons including individual anatomical variations,
progressive degenerative nature of most pathologies and superimposition as well as technical limits. These issues are even more relevant
in the context of examinations of apparently sound horses with absent, mild or unclear complaints, like it is often the case in pre-purchase
examinations or cases of failure to meet expected performance. The first aim was to report on the spectrum, degree and location of first-line
imaging findings in the spine of a large population of normally performing horses. Limited data is available about agreement of interpretation
of equine vertebral column imaging by radiologists. The second aim of this prospective study was to determine interobserver agreement on
radiographic and ultrasonographic diagnostic imaging findings in the vertebral column of the same population between multiple observers
with longstanding experience in equine diagnostic imaging at two different institutions. Seventy-one horses randomly selected from a larger
population of 250 normally performing horses participating in a swiss project on equine back health were examined at one referral center.
Radiographic and ultrasonographic examinations were performed in a standardized fashion and images graded separately by two experienced
radiologists at two different institutions. Focus was placed on osteoarthrosis of the synovial intervertebral articulations (SIVAs), impinging and
overriding of the spinous processes (SPs) and spondylosis. Cohen’s weighted kappa was calculated for each pathology, location and segment
in each modality. Interobserver agreement was calculated for findings at specific locations, single pathologies and single grades. Most horses
showed no changes and were allocated grades O at most locations. Few abnormalities were found throughout the vertebral column, with clus-
ters of abnormalities of the SIVAs in the caudal cervical segment and cranial lumbar segment as well as a cumulation of changes at the dorsal
spinous processes in the caudal thoracic segment. These coincide with previously reported predilection sites of imaging findings in symptomatic
populations. Overall mean value of agreement for imaging findings was moderate (k= 0.7). Agreement was moderate for imaging findings
regarding the synovial intervertebral articulations of the thoracolumbar spine in radiography (k=0.66) but weak in ultrasonography (k=0.58).
There was moderate agreement in the imaging findings of the cervical spine in ultrasonography (k=0.61) as well as radiography (k=0.62).
Strong agreement was found in the radiographic assessment of changes of the thoracolumbar spinous processes (k=0.80). Almost perfect
agreement was found in the radiographic assessment of thoracolumbar spondylosis (k=0.95). Agreement between radiologists in detection
and grading of pathologies of the equine vertebral column is weak to almost perfect depending on pathology and location. Our results confirm
findings about distribution of specific pathologies found in other studies and support the importance of interpreting imaging findings along
with clinical findings for definitive case management and decision making. Additional studies are needed for determination of the correlation
of imaging findings among different modalities and correlation of diagnostic imaging with clinical findings.
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Introduction

Pain originating from the vertebral column, more specifically
the cervical spine and the thoracolumbar spine, is a common
and a clinically relevant complaint in horses. Particularly sport
horses’ performance and wellbeing are affected by this type of
pain (Riccio et al. 2018, Haussler and Jeffcott 2014). Beside
a thorough clinical and orthopedic examination, radiographic
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and ultrasonographic examinations of the vertebral column
are the mainstays in the diagnostic workup of pain originating
at the vertebral column (Burns et al. 2018, Gillen et al. 2009,
Jeffcott 1979, Jeffcott 1993, Graf von Schweinitz 1999, Martin
and Klide 1999). There is a wide range of symptoms, clinical
findings and pathologies present in horses affected by this kind
of pain. The most commonly encountered pathologies include
osteoarthrosis (OA) of the facet joints, from here on referred
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to as synovial intervertebral articulations (SIVAs), narrowed/
overriding dorsal spinous processes (DSP) (kissing-spines-syn-
drome) and spondylosis (vertebral bodies changes, VB) (Clay-
ton and Stubbs 2016, Haussler 1999, Jeffcott 1980, Mayaki
et al. 2020, Meehan et al. 2009, Haussler et al. 2019, Zim-
merman et al. 2011, Dyson 2011, Wilsmann et al. 2020).

For standardization of the interpretation of imaging findings,
guidelines and scoring systems for the imaging features of
the most common pathologies of the cervical and thoraco-
lumbar spine have been described (Meehan et al. 2009,
Zimmerman et al. 2011, Crijns and Broeckx 2021, Espino-
sa-Mur et al. 2020). Despite published scoring systems, the
interpretation of radiography and ultrasonography remains
challenging because of possibly irrelevant natural anatom-
ic variations, the subtlety of lesions, their progressive and
degenerative nature, the superimposition of neighboring
structures, possible incidental projectional obliquity as well
as technical limitations (Clayton and Stubbs 2016, Erichsen
2003, Erichsen et al. 2004, Veraa et al. 2020). Moreover,
imaging findings have been found to not perfectly correlate
with the clinical findings, which add to the difficulty of inter-
pretation (Haussler et al. 1999, Gundel et al. 1997, Ger
lach et al. 2018, Lischer et al. 2010, Geiger and Gerhards
2015, Holmer et al. 2007).

Ordinal grading systems are commonly used in equine medi-
cine, for example for the assessment of lameness, heart mur-
murs and ataxia in horses, and for these systems moderate to
substantial interobserver reliability and agreement have been
reported (Olsen et al. 2014, Fuller et al. 2006, Menzies-Gow
et al. 2010).

Regarding equine diagnostic imaging, a few studies have de-
scribed the interobserver agreement for common pathologies
or changes relevant to prepurchase examinations. (Groth et
al. 2009, Beccati et al. 2013, Hellige et al. 2018). One study
found interobserver agreement to be moderate to excellent
for detecting and grading femoral trochlear ridge osteochon-
drosis (Beccati et al. 2013), whereas another study found the
interobserver agreement to range from poor to excellent for
evaluating a standard set of projections for prepurchase ex-
aminations (Hellige et al. 2018). The wide range of kappa
values and variability in interobserver agreement was ex-
plained by the wide range of findings: large and easy to cate-
gorize findings resulted in higher agreement, whereas smaller
and more subtle lesions resulted in poorer agreement.

To the authors knowledge, there are no studies determining
the interobserver agreement of radiographic and ultrasono-
graphic findings of vertebral columns of a large population
of normally performing horses. Previous studies determined
the interobserver agreement of the interpretation of vertebral
column findings as a secondary result of the study without it
being the focus. The authors reported for example fair agree-
ment for presence/absence of articular process joint OA on
radiographs of cadaver necks, or fair to substantial agree-
ment for the grading of OA by board-certified radiologists
using a modified three-grade system (Wood et al. 2014, Es-
pinosa-Mur et al. 2020). Determination of intra- and interob-
server agreement and reliability of each system is important,
as reliable and reproducible interpretation as well as consis-

Pferdeheilkunde — Equine Medicine 38 (2022)

B. Donati et al.

tent classification when applying a specific scoring system are
desirable as they are valuable tools for choosing therapies,
defining prognosis and performing further research.

Therefore, the aims of the present study were 1) to describe
the prevalent imaging findings in the vertebral column of a
normally performing equine population and 2) to evaluate the
interobserver agreement between two experienced observers
when interpreting radiographic and ultrasonographic images
of the vertebral column of normally performing horses. We
hypothesized that 1) the distribution of pathologies would be
similar as encountered in symptomatic populations, although
of lower degree and 2) the interobserver agreement would
be moderate for osteoarthritic changes in the SIVAs in both
modalities and strong for spondylotic and DSPs radiographic
changes.

Material and methods
Population

Horses were randomly selected out of an ongoing field study
population for which recruitment has been previously de-
scribed in detail (Dittmann et al. 2020). In brief, inclusion
was published in the Swiss equitation press and announced
to Swiss horse stable owners with the aim to investigate the
back health of normally performing riding horses. Interested
riders applied to the Section of Sports Medicine at the Equine
Department, University of Zurich via an online questionnaire.
Riders and their horses were included in the field study if the
age of the rider was > 18 years, horses were exercised 2 hours
per week at minimum, and riders as well as horses provided
a good physical health according to the riders and/or horse
owners. Riders had to confirm that they were riding their horse
themselves at least two-thirds of the time. Seventy-one horses
of this population were randomly selected for a 1-day work-
up at the Equine Hospital of the University of Zurich where
they underwent a clinical and lameness examination on hard
ground at the walk and trot and where standard radiograph-
ic examination as well as ultrasonography of SIVAs was per-
formed. Horses were excluded if a lameness grade > 2 (AAEP
lameness grading scale) was diagnosed upon lameness ex-
amination on hard ground.

Image acquisition

All horses underwent the same standard imaging protocol
and with the same dedicated equipment throughout the study,
as previously described (Audigié et al. 2015). Radiograph-
ic examination was performed in the standing and sedated
horse, and consisted of at least three laterolateral projections
of the cervical spine with the neck supported in a standard
neutral position as this has shown to be important for compar-
ing images (Berner, Brehm and Gerlach 2012). Additionally,
at least one laterolateral projection of the caudal segment
of the thoracic spine and one laterolateral projection of the
cranial segment of the lumbar spine were obtained. These last
two projections were repeated with strong collimation cen-
tered at the level of the facets to increase conspicuity of the
SIVAs. An aluminum wedge was used for compensation of
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large difference in tissue thickness at these sites. A high-power
generator (Optimus 65, Philips Medical System, Switzerland)
in combination with a digital radiography system (FDR D-EVO
[, Fujifilm (Switzerland) AG) was used. Exposure factors are
summarized in table 1 and were adjusted according to the
anatomic region, the projection, and the size of the horse
(exposure factor ranges: 75-115 kV, and 80-180 mAs). The
cassefte was placed in a rolling stand-alone holder perpen-
dicular to the floor and as close as possible to the horse, at a
focal distance of 115cm from the x-ray tube. For the thora-
columbar spine a metal opaque marker was placed dorsal to
the last thoracic spinous process, identifying the last thoracic
vertebra by palpating the most caudal rib and following it to
its dorsal aspect.

Ultrasonographic examination was performed transcuta-
neously as previously described (Berg et al. 2003, Chope
2008, Head 2014, Denoix 1999) by one board certified
large animal radiologist using a macroconvex probe (2-6
MHz, Aloka ProSound Alpha 7, Hitachi, Switzerland). One
representative transverse image and/or cineloop per location
and laterality was stored. For the cervical region only the three
most caudal articulations C5-T1 were examined ultrasono-
graphically. Articulations C7-T1 were identified based on the
position at the base of the neck medial to the musculature
of the scapula and shoulder, as well as based on the dorsal
location of the vertebral artery, as previously described (Berg
et al. 2003, Denoix 2017). From there, the two more cranially
located joints were examined. For examination of the thoracic
and lumbar SIVAs, rough orientation was given by palpating
the most caudal rib and following it proximally. Ultrasono-
graphic examination of the SIVAs provided detailed orienta-
tion by identifying the difference of transition from thoracic
vertebrae articulating with ribs and lumbar vertebrae show-
ing transverse processes. Overlying soft tissue thickness and
depth of the SIVAs allowed consistent identification of these
structures in the T18-14 segment.

Image interpretation

Images were reviewed at a later stage by two board certified
radiologists, one from the Clinic for Diagnostic Imaging, Vet-
suisse Faculty, University of Zurich (JS) and one from CIRALE
(JMD). In order to keep radiologists’ individual unaltered
judgement, no training set was created nor were training ses-
sions performed but consensus was previously reached for the
use of grading systems based on published studies as well as
personal experience and preferences. Evaluation of images
and grading of changes was carried out separately by the
two radiologists. Where interpretation was not possible be-
cause of missing images or due fo insufficient image quality,
no grade was assigned. The evaluation of ultrasonographic
images by the in-house board-certified radiologist was per-
formed blindly months later.

Interpretation of radiography
SIVAs were evaluated for OA changes based on four crite-

ria: joint size, orientation and shape of the joint space, bone
opacity and periarticular bone remodelling. Considering pre-
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viously described grading systems as well as personal expe-
rience and preference, authors agreed on a grading from O
to 4 (0 =no changes, 1 =mild, 2 =moderate, 3 =marked,
4 = severe changes) for each joint (Down and Henson 2009,
Girodroux et al. 2009, Crijns and Broeckx 2021). Due to su-
perimposition of the left and right SIVAs on laterolateral radio-
graphs, the total grade referred to the most severe changes
of each segment.

Radiographic findings at the spinous processes were graded O
to 4 based on established systems taking into account interspi-
nous space width, bone opacity and radiolucencies of the spi-
nous processes as well as remodelling of the spinous process-
es (1 = narrowing of the inferspinous space with mild sclerosis
of the cortical margins of the spinous processes, 2 = showing
loss of the interspinous space with moderate sclerosis of the
cortical margins of the spinous processes, grade 3 = severe
sclerosis of the cortical margins of the spinous processes,
caused in part by transverse thickening, or radiolucent areas
and 4 = severe sclerosis of the cortical margins, osteolysis and
change in shape of the spinous processes) (Zimmerman et al.

2012 and 2011, Denoix and Dyson 2003).

Smooth new bone formation visible at the ventral aspect
of the vertebral endplates and ventral to the intervertebral
spaces were graded from O to 4 (0 =no changes, 1 = oste-
phyte from one vertebral body, 2 = ostephytes from 2 adja-
cent vertebral bodies, not meeting, 3 = osteophytes from two
adjacent vertebral bodies, meeting, 4 = complete bridging
of intervertebral space), a modification of a previously de-
scribed grading system for spondylosis lesions (Meehan et

al. 2009).

Interpretation of ultrasonography

Ultrasonographic loops and still images were reviewed for
OA at the SIVAs based on 4 criteria: presence of osteophytes/
enthesophytes, synovial effusion, echogenic foci in the syno-
vial fluid, and visibility of the joint space. Similarly, to radiog-
raphy, a grade ranging from O (normal) to 4 (severe changes)
was allotted to each joint (Bléttler 2020).

Table 1 Exposure factors used for radiographic examination of
the vertebral column. | Belichtungstabelle fir Réntgenuntersu-
chung der Wirbelsaule.

Region kV mAs Grid Filter
Cervical

C1-C3 77 20 Yes No
C3-C5 81 22 Yes No
C5-C7 85 28 Yes No

Thoracolumbar overview
T13-T18 100 100 Yes Yes
T18-L5 115 125 Yes Yes

Thoracolumbar focused
T13-T18 100 100 Yes No
T18-L5 115 125 Yes No
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Statistical analysis

Data were stored in Microsoft Excel. Results were reported
as the mean = standard deviation (SD) for variables with
parametric distribution and median (range) for variables with
non-parametric distributions. The median grades given by the
two radiologists were used for further descriptive analysis of
severity and distribution of findings. Interobserver agreement
between the two board certified radiologists was assessed
by calculating Cohen’s weighted kappa for their gradings at
each location separately. Kappa values were interpreted as
described previously (0-0.2 no agreement, 0.21-0.39 min-
imal, 0.4-0.59 weak, 0.6-0.79 moderate, 0.8-0.9 strong,
> 0.9 almost perfect) (Koo and Li 2016, McHugh 2012). All
analyses were performed in R Studio (version 1.1.442, 2019).

Results
Study population

Thirty-seven geldings (52.1%), 32 mares (45.1 %) and 2 stal-
lions (2.8 %) with a mean age of 10.2 + 2.7 years were includ-
ed in the study. The horses were primarily used for show jump-
ing (33.8%), dressage (29.6%), leisure (16.8%) and eventing
(9.8 %). The remaining horses (9.8 %) were used for western or
endurance riding. Warmbloods accounted for 74.6% of the
study population. The mean withers height was 164 =7.5cm,
and the mean body weight was 548.7 + 61.3kg.

Cervical segment

Radiography

Laterolateral radiographs of the cervical spine of 71 horses
were acquired and evaluated. In 53 horses, all of the cervical
SIVAs were evaluated. In 18 horses the most caudal SIVAs (C7-
T1) could not be evaluated due to underexposure and/or other
technical limits. This equates to a total number of 408 evalu-
ated SIVAs, consisting of 71 x C2-3, 71 x C3-4, 71 x C4-5,
71 xC5-6, 711 x C6-7 and 53 x C7-T1. The majority of lo-
cations were graded as having no or mild pathologic changes
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(363/408 mean grades < 1). Of the remaining 45 locations
with higher degree changes, 32 were at C6-7 and 7 at C5-6.
Detailed numbers of allocated grades at the different SIVAs
are depicted in figure TA and summarized in Table 2.

Interobserver agreement for radiographic assessment of the Sl-
VAs in the cervical segment (C5-T1) was moderate (mean kap-
pa value: 0.62, range: 0.41-0.75). There were 342/408 cas-
es of agreement, 54/408 cases of disagreement by one grade,
11/408 cases of disagreement by 2 grades and 1/408 out cases
of disagreement by two grades; an overview is shown in table 3A.

Ultrasonography

Ultrasonographic examination of the caudal cervical SIVAs
yielded images of insufficient quality at all locations in 7 Hors-
es. Of 64 horses which generated transverse images and/or
loops suitable for evaluation, 60 yielded quality images at all
examined locations. One of 64 showed insufficient quality at
the left C7-T1 SIVA and 4/64 at the right C7-T1 SIVA. This
equates to a total number of 379 evaluated SIVAs, consisting
of 64 left C5-C6, 64 right C5-C6, 64 left C6-C7, 64 right
C6-C7, 63 left C7-T1 and 60 right C7-T1. The majority of lo-
cations were graded as having no or mild pathologic changes
(341/379 mean grades < 1). Of the remaining 36 locations
with higher degree changes, only 2 involved the C5-C6 arficu-
lations, whereas 21/36 involved C6-C7 SIVAs and 13/36 C7-
T1 SIVAs. Detailed numbers of allocated grades at the different
SIVAs are depicted in figure 1B and summarized in table 2.

The overall interobserver agreement was moderate (mean
kappa value: 0.61, range: 0.50-0.77). There were 284/379
cases of agreement, 88/379 cases of disagreement by 1
grade and 7/379 cases of disagreement by two grades; an
overview is shown in table 3B.

Thoracolumbar segment
Radiography

Laterolateral radiographs of the thoracolumbar (T12-L5)
spine of 71 horses were acquired and evaluated. Regarding

Verteilung von Befunden an den syn-

503



B. Donati et al.

Findings and interobserver agreement in radiography and ultrasonography of the vertebral column

0 0 0 0 4 L L 0¢ Sy 69 14371 ¢- 11 VAIS N ASig|itimeRIiet]l],
0 0 0 0 14 € 8 6 Sy L9 LHOI 171-81LL VAIS N Jpquinjosbioy |
0 0 L 0 [ € [ €l v L9 1437 11-8 1L VAIS N ASig|itinfeRietl,
0 0 0 0 0 0 L L 69 VA G¥1 VAIS Xy Jpquinjosbloy |
L 0 0 14 v 0 v 14 96 Lz y-€1 VAIS Xy ASig|itinfeRIet]l,
0 0 L [4 Ol L g €l 6€ VA €1-¢1 VAIS Xy Jpquinjosbioy |
0 0 0 € 9 4 (o]} €l LE Lz g1-11 VAIS Xy ASgitinfeRIAe]l,
0 0 14 4 g [ g vl Ly VA L1811 VAIS Xy Jpquinjospioy |
0 0 L 14 5 L v 6 6v Lz 8l-ZLL VAIS Xy AigitinfeRI2Ae]l,
0 0 L 0 € L VA 9 €3G VA L1791L VAIS Xy Jpquinjosbioy |
0 0 0 L L 0 v (4 €9 VA 91-GLL VAIS Xy At feRI2Ae,
0 0 0 L 0 0 L 0 69 Lz Sl-vll VYAIS Xy ipquinjesbioy |
0 0 0 0 L 0 L 0 89 VA vL-ELL VAIS Xy ASEUUm{feRIRIe|
0 0 0 0 0 0 0 L 0z VA €l-clL VAIS Xy Jpquinjodnioy |
0 0 0 0 4 4 0l LL LE 09 1HON 114D VAIS N [eRIAED)
0 0 0 L 4 14 6 6 8¢ €9 14391 114D VAIS N [P3IMRT
0 0 L 0 9 4 6 €l LE v9 LHON £-90 VAIS N R
0 0 0 L VA 14 LL 8l S¢ v9 1431 £-90 VAIS N [P3IMRT
0 0 0 0 0 0 L 6 114 v9 1HOI 9-90 VAIS N R
0 0 0 0 L L 4 €l Sy v9 1431 9-6D VYAIS N [P3IMRT
0 0 0 0 L 0 v S 1934 €S L1-2D VAIS Xy R
0 L A 14 €l L 91 S 8l Lz 2790 VAIS Xy [P3IAIT
0 0 0 0 G 4 G S 4% Lz 9-9D0 VAIS Xy [eRIET)
0 0 0 L 0 L 4 6 8G Lz G ¥D VAIS Xy [P31M8D)
0 0 0 L L 0 4 6 8G Lz v=€D VAIS Xy [P31M8D)
0 0 0 0 L 0 0 S g9 Lz €¢0 VAIS Xy [031M8D)

i opoib G'¢ apnIb ¢ opnib Gz opnib Z opoib G'| opnib | opoib G0 opnib 0 eprib N [WellTontey| 21PN Ayjopopy uoibay

UBYINSIBIUN 1BMZ USYISIMZ UBUOHDSI[DXOT] USU|SZUIS UD UspuUNjag UOA Buniiamag Jap pamaiiy 's1anI9sqo om} Aq suonodo| ajBuls o sBuipul Joj sapoib ubapy Z 2|91

Pferdeheilkunde — Equine Medicine 38 (2022)

<
(@)
g}



B. Donati et al.

Findings and interobserver agreement in radiography and ultrasonography of the vertebral column

0 0 0 0 0 0 0 0 0 LL S ¥ aA Xy IPquinjospIoy|
0 0 0 0 0 0 0 0 0 V2 y €1 aA xy IpquinjodIoY |
0 0 0 0 0 0 0 0 0 LL € aA Xy Jpquinjospioy |
0 0 0 0 0 0 0 0 0 V2 ¢ 1 aA xy IpquinjodIoY |
0 0 0 0 0 0 0 0 0 LL 118LL aA Xy Jpquinjosnioy|
0 0 0 0 0 0 0 0 0 LL 8l /LL aA x4 JogfemeRoe)
0 0 0 0 0 0 0 0 0 LL L1911 aA Xy Jpquinjospioy |
L 0 0 0 0 0 0 0 0z LL 9L GLL aA x4 JoGmERRIeh)
L 0 L 0 0 0 0 0 89 0L SLvll A Xy ipquinjosnioy]
L 0 L 0 0 L 0 L L9 LL vl ELL aA x4 AoGmERRIeh
L 0 € 0 L 0 0 [4 v9 LL el etLl aA Xy Jpquinjesbioy |
0 0 € 0 € 0 4 8 €S LL G1¥1 dS x4 JoGmERRIen
0 0 0 0 L 0 € L 99 LL v1-€1 dS Xy JpquinjospIoy |
0 0 0 0 [4 0 L L L9 LL €1¢l dS x4 AoGmERRIen
0 0 0 0 € 0 [4 [4 v9 LL [AuN dS Xy Jpquinjodnioy |
0 0 [4 L ) L [4 [4 89 LL L1-8LL dS x4 ASeimeRiey|l
L 0 ) L ) L 9 6 1994 LL 8l/LL dS x4 Jpquinjoopioy ]
L 0 4 [4 yA 4 Ll [4 or LL L1911 dS x4 AoGmERRIen
L 0 € L 9 € ¢l L 8¢ LL 21-GLL dS x4 Jpquinjoopioy ]
L 0 © 0 yA L L L 14 LL Glyll dS x4 Ao ERRIen
L 0 [4 0 € L € € 89 LL vL-ELLl dS Xy Jpquinjodnioy |
L 0 [4 0 L 0 0 L 99 LL €lcllL dS x4 A neRIE|L
0 0 0 0 0 L 0 [4 L 4 LHOM G- VAIS 5N Jpquinjoopioy]
0 0 0 0 0 L 0 L [4 4 1431 671 VAIS el Ao meRIE|L
0 0 0 € 4 L 4 el a4 L9 LHOM v-€1 VAIS 5N Joquinjoopioy]
0 0 L 0 [4 4 8 6 144 89 431 v-€1 VAIS &l Ao meRIE|L
0 0 0 0 € € ) 0l Ly 89 LHOM €-C1 VAIS 5N Joquinjoopioy]
0 0 0 [4 L L yA Gl 1994 69 1431 €-¢1 VAIS SN ARy
0 0 0 [4 € 14 8 Gl 6€ 69 LHOM ¢~ 11 VAIS 5N Jpquinjoopioy]
i epoIb G'¢ opoib € opnib Gz opoib Z epoib G'| eprib | opoib G0 opnib 0 eprib N uolpd07 aInpPNUS Ayjopopy uolbay

505

Pferdeheilkunde — Equine Medicine 38 (2022)



Findings and interobserver agreement in radiography and ultrasonography of the vertebral column

SIVAs, all depicted SIVAs in the segment (T12-T13 through L4-
L5) were evaluated in all horses. This equates to a total num-
ber of 781 evaluated SIVAs. The majority of locations were
graded as having no or mild pathologic changes (720/781
mean grades < 1). Of the remaining 61 locations, higher de-
gree changes (mean grades > 1) concentrated in the cranial
lumbar area; 14 were at L2-L3, 11 at L1-L2, 11 at T18-L1,
9 at T17-18, 7 at L3-L4, 5 at T16-T17, 2 ot T15-T16, 1 at
T14-15 and 1 af T13-T14. Detailed numbers of allocated
grades at the different SIVAs are depicted in figure 2A and
summarized in table 2.

Interobserver agreement for radiographic assessment of the
thoracolumbar SIVAs was moderate (mean kappa value:
0.66, range: 0.49-0.81), with 669/781 cases of agreement,
82/781 cases of disagreement by 1 grade, 29/781 cases of
disagreement by 2 grades and 1/781 case of disagreement
by 3 grades; an overview is shown in table 3C.

Regarding spinous processes, all depicted locations in the
segment were assessed in all horses (T12-T13 through L4-15),
resulting in a total number of 781 evaluated locations. The ma-
jority of locations were graded as having no or mild pathologic
changes (692/781 mean grades < 1). Of the remaining 89 lo-
cations, higher degree changes (mean grades > 1) concentrat-
ed in the caudal thoracic area, 18 at T16-T17, 14 at T15-T16,

B. Donati et al.

13 at T17-718, 12 at T14T15, 9 ot T18-L1, 7 at T13-T14, 6
at L4-15, 4 at T12-T13, 3 at L1-12, 2 at L2-L3 and 1 ot L3-14.
Detailed numbers of allocated grades at the different locations
are depicted in figure 2B and summarized in table 2.

Interobserver agreement for radiographic assessment of the
spinous processes in the thoracolumbar region was strong
(mean kappa value: 0.80, range: 0.36-0.97) with 698/781
cases of agreement, 59/781 cases of disagreement by 1
grade, 24 cases of disagreement by 2 grades and no cases
of disagreement by 3 grades or more; an overview is shown
in table 3D.

Regarding spondylotic changes in the thoracolumbar segment
(T12-15), only 283 locations between T12 and T16 were
evaluated: T12-T13in 71 horses, T13-T14in 71, T14-T15 in
70and T15-T16 in 71. The majority of locations were graded
as having no or mild changes (272/283 mean grades < 1).
Of the remaining 11 locations with higher degree changes
(>1), 5 were at T12-T13, 3 at T13-T14, 2 ot T14-T15 and
1 at T15-T16. Detailed numbers of allocated grades at the
different locations are summarized in table 2.

Interobserver agreement for radiographic assessment of spon-
dylotic changes at the vertebral bodies in the thoracolumbar
segment was almost perfect (mean kappa value: 0.95, range:

Fig. 2  Distribution of gradings for thoracolumbar pathology; SIVAs in radiography (A), SP in radiography (B) and SIVAs in ultrasonography

Q. |

Verteilung von Befunden an der Brust- und Lendenwirbelséule; Rontgenbefunde an den synovialen Intervertebralgelenke (A), Rontgen-

befunde an den Dornfortsétze (B) und Ultraschallbefunde an den synovialen Intervertebralgelenke (C).
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0.83-1), with 279/283 cases of agreement, 3/283 cases of
disagreement by one grade, one case of disagreement by 3

grades; an overview is shown in table 3E.

Ultrasonography

Ultrasonographic examination of thoracolumbar SIVAs in the
T18-L5 segment was performed in 71 horses. In two horses

B. Donati et al.

the images were of insufficient quality at all locations, whereas
in the remaining 69 horses the examination generated trans-
verse images and/or loops suitable for evaluation at least at
one location; 67 at both left and right T18-L1, 69 at both left
and right L1-L2, 69 at the left L2-L3 and 68 at the right L2-L3,
68 at the left L3-L4 and 67 at the right L3-L4 and 4 at both
the right and left L4-L5. This equates to a total number of 552
evaluated locations. The majority of locations were graded as

Table 3 Crosstables for overview of agreement between two observers for finding in the spinal column of horses. | Ubersicht der Uberein-
stimmung der Bewertung von Befunden an der Wirbelséule zwischen zwei Untersucher.
Cervical SIVA Rx Cirale Cervical SIVA Us Cirale
N = 408 0 1 2 3 4 N = 379 0 1 2 3 4
0 296 7 2 0 0 0 218 23 6 0 0
1 31 19 3 0 0 1 50 43 9 0 0
Zurich 2 8 6 20 4 0 Zurich 2 1 4 22 2 0
3 1 1 2 7 0 3 0 0 0 1 0
4 0 0 0 1 0 4 0 0 0 0 0
cases of agreement: 342 cases of agreement: 284
cases of disagreement by 1 grade: 54 cases of disagreement by 1 grade: 88
cases of disagreement by 2 grades: 11 cases of disagreement by 2 grades: 7
A cases of disagreement by 3 grades: 1 B cases of disagreement by 3 grades: 0
Thoracolumbar Cirale Thoracolumbar Cirale
SIVA Rx DSP RX
N = 781 0 1 2 3 4 N = 781 0 1 2 3 4
0 615 31 11 1 0 0 598 24 15 0 0
1 31 16 2 2 0 1 19 28 6 0 0
Zurich 2 16 5 33 8 0 Zurich 2 8 5 43 1 1
3 0 0 5 5 0 3 0 0 4 23 0
4 0 0 0 0 0 4 0 0 0 0 6
cases of agreement: 669 cases of agreement: 698
cases of disagreement by 1 grade: 82 cases of disagreement by 1 grade: 59
cases of disagreement by 2 grades: 29 cases of disagreement by 2 grades: 24
C cases of disagreement by 3 grades: 1 D cases of disagreement by 3 grades: 0
Thoracolumbar Cirale Thoracolumbar Cirale
VB RX SIVA US
N = 283 0 1 2 3 4 N = 552 0 1 2 3 4
0 269 2 0 0 0 0 357 13 1 0 0
1 1 0 0 0 0 1 92 30 5 0 0
Zurich 2 0 0 1 0 0 Zurich 2 12 13 19 0 0
8 1 0 0 5 0 8 1 0 7 2 0
4 0 0 0 0 4 4 0 0 0 0 0
cases of agreement: 776 cases of agreement: 408
cases of disagreement by 1 grade: 3 cases of disagreement by 1 grade: 130
cases of disagreement by 2 grades: 0 cases of disagreement by 2 grades: 13
E cases of disagreement by 3 grades: 1 F cases of disagreement by 3 grades: 1
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having no or mild changes (504/552 mean grades < 1). De-
tailed numbers of allocated grades at the different locations
are depicted in figure 2C and summarized in table 2.

At the left L4-L5 SIVA both observers agreed there were no
changes in all horses.

Interobserver agreement for ultrasonographic assessment of
thoracolumbar SIVAs was moderate (mean kappa value: 0.58,
range: 0.39-0.77). There were 408/552 cases of agreement,
130/552 cases of disagreement by 1 grade, 13/552 cases of
disagreement by 2 grades and 1/552 case of disagreement
by 3 grades; an overview is shown in table 3F.

Discussion

We report on the distribution and degree of radiographic and
ultrasonographic changes of the vertebral column in a nor-
mally performing equine population. Distribution of specific
pathologies coincides with the reported occurrence of specific
changes at some predilections sites especially regarding OA
of the SIVAs and DSP changes with most of the cervical ar-
ticular changes consistently being described clustered at the
neck base, in particular at C6-C7, and most dorsal spinous
process changes at the thoracolumbar transition and crani-
al lumbar spine (Holmer 2005, Audigié et al. 2015, Espi-
nosa-Mur et al. 2021, Démmrich et al. 1993, Fritsche et al.
2020). Despite the paucity of spondylotic changes found in
this population the distribution matches the published data
with majority of spondylosis being found at the T11-T13 seg-
ment (Meehan et al. 2009).

Regarding severity, most of the changes were of low degree,
while some horses showed moderate or even severe findings
at random locations without an apparent negative effect on
performance. Beside showing a lameness grade <2 at clin-
ical examination, the definition of soundness of the includ-
ed horses was also relying on the owner’s judgement, which
has previously been shown to be incongruent with veterinary
examinations (Maller-Quirin et al. 2020). Therefore, some
symptoms or clinical complaints, possibly originating from the
vertebral column, could have been overlooked, in particular
if only arising under some circumstances like after exercise,
while doing complex movement sequences or on specific soil
conditions. It was not the purpose of the study to trivialize im-
aging findings described in this paper as not being clinically
relevant, however clinicians should be aware about the risk of
a satisfaction-of-search-bias. This should prompt the clinician
to investigate further if there is a suspicion that the presenting
clinical complaint can’t be totally atftributed to the imaging
finding. Also, findings such as those found in this study popu-
lation may be regarded as concurrent to other complaints or
secondary fo other pathologies.

Comparing ultrasonographic and radiographic changes at
the SIVAs shows that changes seem to be milder or grad-
ed less severely in ultrasonography. The relatively less pro-
nounced ultrasonographic findings at the SIVAs compared to
radiographic changes are in agreement with published data
and the opinion of the authors, which is that, only if changes
are diffuse or superficially located, they can be assessed by ul-
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trasonography (Audigié et al. 2015). As previously described,
osteoarthritic changes in the caudal cervical segment often
affect the medial aspect of the joints (Lindgren et al. 2020,
Gough et al. 2020), which cannot be assessed with ultra-
sound, possibly resulting in a radiographically severely abnor-
mal SIVAs being graded as only mildly affected by changes in
ultrasonography.

The second aim of this study was to report on the interobserver
agreement in evaluating radiographic and ultrasonographic
findings in the vertebral column of a large normally perform-
ing equine population. We hypothesized that the agreement
between two board certified experienced large animal radiol-
ogists for grading imaging findings of the equine vertebral
column would be moderate for OA changes at the SIVAs and
strong for spondylotic and DSPs changes. Our results pre-
dominantly support the hypotheses, although agreement was
found to be lower at some single locations and for certain
modalities. Interpretation of imaging findings has been found
to be far from consistent between radiologists and subjective
to a certain degree, in particular for mild, small or equivocal
changes, as well as for changes related to chronic, progres-
sive and/or degenerative pathologies (Hellige et al. 2018,
Jackson et al. 2014). Allocating a continuous variable such
as progressive degenerative changes to the discrete values of
an imaging grading system represents a source of variability
in interpretation. In non-straightforward cases the experience
and subjective perception of the assessor has an important
influence. These issues are even more pronounced when a
horse is presented and examined for reasons unrelated fo
back pain or with unspecific clinical signs. This population’s
characteristics in this study exacerbate difficulties in interpre-
tation given the low incidence and severity of changes in a
normally performing equine population. A particular difficulty
in these cases is to decide whether mild changes are indeed
abnormal changes, just still within normal limits or anatomical
variants.

Subijective interpretation is the result of training as well as ex-
perience and is an intrinsic feature of many medical disci-
plines. In radiology, this subjective interpretation particularly
applies fo pathologies such as those that are investigated in
this paper which are chronic, progressive and degenerative
in nature, and abnormal imaging features cannot always
be defined by reference ranges and yes/no criteria. Detailed
grading systems based on specific features, rather than just
categories of severity grades, often are developed to partially
overcome the limitations dictated by subjective interpretation.
However also this type of assessment can have limitations
when changes vary along a continuum as it is the case in
degenerative pathologies, because ordinal grading systems
require categorization of severity according to predetermined
criteria or definitions (Wise et al. 2021).

Regarding the SIVAs, the overall interobserver agreement was
higher in the cervical region than in the thoracic and lumbar
regions for both modalities. This can be explained by the dif-
ferent thickness of the region of interest. This affects both ul-
trasonography and radiography, by increasing depth and thus
reducing the number of echoes returning to the transducer
due to attenuation of the ultrasound beam and by increasing
superimposition respectively.
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Observers performed with minimally higher agreement when
interpreting radiography compared to ultrasonography of the
SIVAs independent of the segment. It has already been sug-
gested that ultrasonography bears the risk of overinterpreta-
tion of a normal status or non-clinical remodelling, as well as
not being an ideal survey tool, that is best interpreted in con-
junction with other modalities and together with clinical signs
(Chope 2008). One explanation for the superiority in radio-
graphic agreement of SIVAs could be that on radiographs the
structure is depicted in its entireness, providing a more com-
prehensive image, and a more confident and reproducible
opinion about the degree of changes. One ultrasonographic
image or loop may both underestimate or overestimate the
degree of pathology, if the ultrasonographically depictable
region of the structure is the part less affected or more affect-
ed by changes, respectively. Moreover, ultrasound examina-
tion is operator dependent. One observer was not involved
in image acquisition but only graded images remotely. This
adds to the difficulty and possibly affected agreement as one
might be used to other technical settings or other projections.
Ultrasonographic interpretation starts during the examination
itself, as the operator will adjust technique to achieve the
best images possible, and builds an opinion not just based
on images being stored but also on the overall impression
he perceives during the examination. Storing of relevant and
illustrative images is obviously useful, and these should be
representative of findings and of good quality for allowing
others to review images at a later stage and be able to relate
findings with the interpretation provided by the first observer.
We acknowledge the limited usefulness of assessing interob-
server agreement on interpretation of stored ultrasound im-
ages as this is rarely performed in practice. But, at the same
time, along with the telemedicine and teleradiology trend,
we experience increased inferest by referring veterinarians to
have their ultrasonographic examinations remotely evaluat-
ed by more experienced veterinarians or radiologists. In the
case of chronic progressive degenerative pathology such as
OA, our results show that even when images of very good
quality are interpreted by experienced observers, agreement
can be weak. This reinforces our skepticism about remote
interpretation of ultrasonographic images and our opinion
that interpretation of ultrasound is most valuable when done
by the ultrasound operator who has been examining the en-
tire region in a dynamic way, and not only still pictures or
recorded loops.

Agreement on interpretation of radiographic findings re-
garding dorsal spinous process changes showed moderate
to almost perfect agreement, with no significant variation de-
pending on location. The high degree of agreement reflects
the relative low depth of the structures to be examined and
clear grading systems, leaving a limited amount of space for
subjectivity.

Spondylotic changes at the vertebral bodies visible on radio-
graphs were rare and observer graded with very high agree-
ment. This is due to the very low prevalence of this type of
changes, resulting in a high number of grades O allocated by
both observers. Moreover, when present, changes were also
easily spotted and assessed, due to their conspicuity being
contrasted by radiolucent lung parenchyma at their predilec-
tion site in the thoracic segment (Meehan et al. 2009).
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Result of our kappa statistics are in line with most reported
values determined by other studies on interobserver agree-
ment for the assessment of radiography in horses, which
has shown to range from poor to almost perfect, especially
for chronic progressive degenerative changes, such as na-
vicular bone pathology (Groth et al. 2009, Hellige et al.
2018). Interobserver agreement studies on ultrasonograph-
ic examination in horses are rare, and some report very high
agreements, mainly due to the assessed pathologies, which
are simpler in nature such as the presence of osteochondral
fragments, or the presence of free pleural gas (Beccati et al.
2013, Partlow et al. 2017, Plevin and McLellan 2021). We
attempted to reach highest possible kappa values, first by
using board certified equine radiologists with longstanding
experience, as well as by standardizing evaluation through
consensus on the grading systems applied. Despite this,
the results show modest agreement at some locations. To
further improve kappa values, one could have created a
training session for the observers, use more observers or
use grading systems with less grades (Koo and Li 2016).
Choice of grading system influences consequent agreement
values, as a system with few grades will result in lower vari-
ation in interpretation and thus in higher agreements (Wise
et al. 2021, Bell et al. 2007). Depending on the aim of
the study, authors can adjust grading systems, for example
merging normal and low grades as there will be no thera-
peutic implication in case management, or merge moderate
and severe grades as both will result in same therapeutic
management.

We acknowledge the fact that the chosen population is subop-
timal to perform kappa statistics on, given the high prevalence
of normal status. Kappa statistics yield most information with
a more even distribution of variables than we found at some
locations, or in some modalities in our population. This is also
the reason why at some locations no kappa value could be
calculated, especially where there was complete absence of
abnormalities. At these locations, observers perfectly agreed
on the absence of changes in all horses. However, given the
lack of variability in abnormalities and evaluations no kappa
value could be calculated.

It is important that radiologists and clinicians are aware of the
limited agreements in imaging evaluation of certain regions
of the equine vertebral column, in particular the SIVAs. This
should be kept in mind when interpreting images, and cau-
tion should be applied to try and avoid excessive subjective
interpretation and keep in line with more objective criteria for
example in prepurchase situations.

In conclusion this paper shows that ultrasonographic and ra-
diographic changes at the vertebral column in normally per-
forming horses occur at previously reported predilections sites
found in symptomatic populations. Interobserver agreement
on imaging findings in the equine vertebral column of this
population is moderate and the results underline the impor-
tance of interpreting imaging findings with clinical findings for
case management, and decision making. Further research
should aim at assessing intermodality agreements, as well as
agreement between imaging findings and clinical symptoms
to improve our understanding of the clinical significance of
imaging findings in the equine vertebral column.
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