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Foot imbalance and malalignment of the digits are common in horses. Angle and distance measurements
performed on bones, joints and hoof wall on radiographs provide essential guidance for precise corrective
trimming and shoeing. This study aimed to investigate, if selected standing low-field magnetic resonance
(MR) images can be used to accurately measure dorsopalmar and lateromedial foot conformation parame-
ters in comparison to the radiographic gold standard. Images of 100 horses referred for standing low-field
MR examination were selected. Foot conformation angles and distances were measured and compared be-
Equine lameness tween radiographs and MR images. Measurements from most imaging sources were significantly different
Diagnostic imaging from each other. Moderate to high correlation of foot conformation angles between radiographs and MR
MRI‘ images in the lateromedial and dorsopalmar planes was found, with exception of the proximal interpha-
Radiography langeal joint angle, where there was only moderate agreement between radiographs and the 5-plane MR
Foot conformation pilot (0.47, P < .001) and between radiographs and the 3-plane MR pilot (0.4, P < .001), respectively.
Measurement of foot conformation parameters from low-field MR images should be used with caution in
clinical practice and acquisition of current foot radiographs immediately before or after MR examination
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should be considered to facilitate precise trimming and shoeing.

© 2022 The Authors. Published by Elsevier Inc.
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1. Introduction

Corrective farriery, by itself or in combination with other sur-
gical or medical treatments, is one of the most used modalities to
prevent or manage lameness in horses [1, 2].

Although foot imbalance and variability in conformation param-
eters have been associated with certain bone or soft tissue lesions
within the hoof capsule [3], identification of a defined foot con-
formation as the single causative factor of lameness is usually not
possible. This is mainly because changes in foot conformation can
result in lameness, but foot conformation itself can also change as
a consequence of lameness [4]. Foot imbalance and malalignment
of the digits are very common and have been found to be present
in 72.8% of horses presenting with forelimb lameness [5]. The dis-
tal forelimb of the horse sustains the highest stress during move-
ment and both the distal and proximal interphalangeal joints un-
dergo a considerable amount of impact during movement [6]. Due
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to its overall higher mobility, the distal interphalangeal joint has
been shown to be more affected by variations in foot placement
and its conformational parameters are also more directly affected
by trimming and shoeing changes [6].

Distal limb conformation in horses is assessed from lateral
(hoof pastern axis, dorsopalmar foot conformation), dorsal (latero-
medial foot conformation), palmar, solar and rotational perspec-
tives. Angles, as well as distance measurements (length and width)
on bones, joints and hoof wall on radiographs can provide useful
guidance for corrective trimming and balancing of feet and for ap-
plication of therapeutic shoes [2, 7]. A high degree of precision in
this process is considered important, as clinical decisions are often
made based on a difference of only a few degrees angulation [1].
On lateromedial radiographs, these measurements include, but are
not limited to, the dorsal hoof wall angle, the solar angle and the
length of the weight-bearing surface of the hoof dorsal and palmar
to the intersection with a vertical line extending from the center of
rotation of the distal interphalangeal joint [7]. Dorsopalmar radio-
graphs are assessed for lateral and medial hoof wall angles, hoof
wall lengths and widths, as well as the angles of distal and proxi-
mal interphalangeal joints among other parameters [7].
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Standing low-field magnetic resonance (MR) examination has
become widely available in equine orthopedics and represents an
essential imaging modality for identification of soft tissue lesions
and certain bone lesions within the hoof capsule [8, 9]. Many con-
ditions identified with MR imaging result in recommendations for
therapeutic trimming and shoeing along with other treatments. In
clinical practice, measurement of angles and distances for this pur-
pose is most often performed on radiographs. These are not always
obtained at the time of MR examination and previously measured
parameters may therefore no longer reflect the current foot con-
formation. On the other hand, obtaining new and current foot ra-
diographs results in additional cost to the client and in radiation
exposure of staff. Radiographs are therefore not always repeated at
the time of the MR scan.

The aim of the present study was to investigate if pilot images
and T1-weighted gradient echo (T1W GRE) images in frontal and
sagittal scans from standing low-field MR examination are suit-
able to adequately measure selected dorsopalmar and lateromedial
foot conformation parameters in horses in comparison to the ra-
diographic gold standard. We hypothesized that foot conformation
parameters obtained from MR images are not significantly differ-
ent from those obtained from radiographs obtained at the time of
MR examination.

2. Materials and Methods

The records of horses referred to RVC Equine for standing low-
field MR examination of the forefeet between May 2017 and Febru-
ary 2019 were reviewed. Animals were considered for inclusion in
the study, if weight-bearing lateromedial and straight dorsopalmar
digital radiographs (Veterinary Xrays Powerlight, Veterinary Xrays,
Princes Risborough, United Kingdom; exposure settings: 60-64kV,
3.10-3.36mAs) along with sagittal and frontal standing low-field
uncorrected pilot and T1-weighted (T1W) gradient recalled echo
(GRE) MR images (EQ2, Hallmarq Veterinary Imaging, Guildford,
United Kingdom) had been obtained. Image quality and suitabil-
ity for inclusion in the study was assessed by a Diplomate ECVDI
(DaBe).

An online sample size calculator (ClinCalc.com) was used to
perform a power analysis based on pilot data (10 cases). The re-
sults varied highly between different parameters that were tested
(12-120). One-hundred horses were therefore randomly chosen out
of all patients meeting inclusion criteria and images of the right
fore foot were analyzed for each case.

Radiographs and MR images were uploaded into a free DICOM
viewing software (horosproject.org, sponsored by Nimble Co LLC
Purview, 2020). No markers allowing for correction of magnifica-
tion were used in these clinical cases due to the retrospective na-
ture of the study. A single observer (KSS) measured selected dor-
sopalmar foot conformation parameters, and another single ob-
server (MEC) measured selected parameters for lateromedial foot
conformation. All parameters were measured three times and the
mean value was used for analysis.

2.1. Dorsopalmar Foot Conformation Parameters

The lateromedial radiographic view of the foot, the optimally
piloted sagittal image from the 3-plane MR study pilot and the
central (most axial) sagittal TIW GRE MR image (slice thickness
2mm, echo time 7ms, repetition time 24 ms, flip angle 45 de-
grees) were assessed. The latter MR sequence was added due to
the observed reduced visibility of the outline of the hoof capsule
on MR pilot images. The dynamic angle tool was used to measure
the following angles in each image: (1) SSH: Angle between the
concave solar surface of the distal phalanx and horizontal [4]. (2)
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HWH: Angle between the dorsal hoof wall and horizontal. To ob-
tain this angle on radiographs, a line was drawn parallel to the
dorsal hoof wall. For measurements on MR images, the most prox-
imal aspect of the hoof wall just distally to the outline of the peri-
ople (which is fully visible on MR images) was used as a reference
point and a line paralleling the visible dermis was extended distad.
(3) DSH: Angle between the dorsal surface of the distal phalanx
and horizontal (Fig. 1). The total weight-bearing surface of the hoof
(TWBS), as well as the dorsal (DWBS) and palmar (PWBS) weight-
bearing surfaces, separated by a vertical line extending distad from
the center of rotation of the distal interphalangeal joint, were in-
dividually measured with the ruler tool. The center of rotation of
the distal interphalangeal joint was determined as the center of a
circle drawn with the circle tool that follows the distal margin of
the trochlea of the middle phalanx (Fig. 2).

2.2. Lateromedial Foot Conformation Parameters

The dorsopalmar radiographic view of the phalanges and the
frontal 3-plane and 5-plane MR pilot images were analyzed. The
single frontal image of the 3-plane pilot was centered on the pal-
mar aspect of the distal part of the middle phalanx at lateromedial
mid-distance. Two frontal images were acquired for the 5-plane
MR pilot. These were re-piloted to be parallel to the palmar border
of the navicular bone. The image best outlining the distal aspect
of the middle or proximal phalanx, respectively, was selected for
analysis. The dynamic angle tool was used to measure the follow-
ing angles: (1) DistP2: Angle between the distal articular surface
of the middle phalanx and horizontal (coffin joint angle) and (2)
DistP1: Angle between the distal articular surface of the proximal
phalanx and horizontal (pastern joint angle, Fig. 3).

3. Data Analysis

The mean value for each measurement was entered on a Mi-
crosoft Excel data sheet. A free programming language software (R
project for statistical computing, Version 4.0.3, r-project.org) was
used for data analysis. Descriptive statistics for all measured pa-
rameters were obtained and data were tested for normal distri-
bution using the Shapiro-Wilk test. Measurements between differ-
ent imaging modalities and settings were compared using Kendall’s
rank correlation tau and Wilcoxon paired signed-rank tests. Bland-
Altman plots were created for the combinations of imaging modal-
ities. Intraobserver reliability over the three measurements of each
parameter from each imaging source was assessed by calculating
Spearman’s rho. A P value of < .05 was considered significant.

4. Results

Most data were non-normally distributed and non-parametric
tests were therefore utilized. The descriptive statistics of parame-
ters for dorsopalmar and lateromedial foot conformation with dif-
ferent imaging techniques are summarized in Table 1 and Table 2,
respectively (Figs. 4-6). There was a low to high positive correla-
tion between angles and lengths measured from all image sources
for both dorsopalmar and lateromedial parameters. However, com-
parison with the Wilcoxon paired signed rank test identified sig-
nificant differences between most image sources.

4.1. Dorsopalmar Foot Conformation Parameters

The rank correlation between all measured angles (SSH, HWH
and DSH) from different image sources was highly positive and
ranged from 0.73 to 0.86 (P < .001, Table 3). However, angle
measurements were significantly different between images sources
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Fig. 1. Dorsopalmar foot conformation angles measured on lateromedial radiograph (A) and the sagittal TIW GRE MR image (B). SSH = Angle between the concave solar
surface of the distal phalanx and horizontal, HWH = Angle between the dorsal hoof wall and horizontal, DSH = Angle between the dorsal surface of the distal phalanx and

horizontal.

PWBS

Fig. 2. Dorsopalmar weight-bearing solar surface measurements on lateromedial radiograph (A) and sagittal TIW GRE MR image (B). TWBS = total weight-bearing surface
of the hoof, DWBS = dorsal weight-bearing surface, PWBS = palmar weight-bearing surface, C = centre of rotation of the distal interphalangeal joint.
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Fig. 3. Lateromedial foot conformation angles measured on dorsopalmar radiograph (A), dorsal frontal image (B) and palmar frontal image (C) from 5-plane MR pilot.
DistP2 = distal interphalangeal joint angle, DistP1 = proximal interphalangeal joint angle.

with exception of the comparison between HWH angles from ra-
diographs and sagittal MRI pilot images: SSH and DSH were con-
sistently measured lower on radiographs than on both MR sources,
whereas SSH, HWH and DSH was measured higher on TIW GRE
MR images than on the 3-plane MR study pilot images (Fig. 4). The
correlation of the measured lengths of the weight-bearing surface
of the foot between image sources was found to range from low
(0.32) to high (0.61, P < .001, Table 4). Subjectively, the outline of
the hoof capsule was better visualized on TIW GRE MR images
than on sagittal MRI pilot images. All length measurements were
significantly different from each other between the three image
sources with exception of the comparison of PWBS measurements

from radiographs and sagittal MRI pilot images. DWBS and TWBS
consistently measured higher on radiographs than on both MR im-
age sources. There was no significant difference in PWBS measure-
ments between the 3-plane MR study pilot images and radiographs
and in TWBS measurements between TIW GRE MR images and the
3-plane MR study pilot images (Fig. 5).

4.2. Lateromedial Foot Conformation Parameters

The rank correlation for the DistP2 angle between the 3-plane
pilot MR image, the 5-plane pilot MR image and the dorsopal-
mar radiographic view ranged from 0.39 to 0.6. The highest cor-
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Table 1
Descriptive data of dorsopalmar foot conformation measurements.
Parameter Minimum Q25 Median Mean SD Variance Q75 Maximum  Range  Normality
SSH Pil 7.11 1249 1447 15.27 449 2013 18.18  25.60 18.49 No
SSH T1 6.84 11.54 14.62 1491 444 19.73 17.67  25.77 18.93 No
SSH Rad 6.64 1128 13.74 1444 445 19.76 17.49  25.21 18.57 No
HWH Pil 40.57 46.59  49.18 4890 3.64 13.26 51.05  58.07 17.50  Yes
HWH T1 41.57 47.61  49.35 4947 357 1275 51.81  59.55 17.98 Yes
HWH Rad 40.31 46.85  49.02 4889 344 11.82 51.03 57.73 17.42 Yes
DSH Pil 39.99 46.54  48.29 4859 365 13.35 50.75  60.30 20.31 Yes
DSH T1 42.26 47.16  49.12 4922 345 11.87 5139  60.49 18.23 No
DSH Rad 41.21 45.93  47.76 48.10 338 1143 4992  58.15 16.94 No
DWBS Pil 5.01 6.32 6.66 6.66 053 0.28 6.99 7.88 2.87 Yes
DWBS T1 5.18 6.51 6.87 6.82 049 0.24 7.14 8.21 3.03 Yes
DWBS Rad  7.53 9.04 9.69 9.72 096 0.93 10.31 13.82 6.29 No
PWBS Pil 4.11 5.36 5.79 5.73 059 034 6.15 7.29 3.18 Yes
PWBS T1 431 5.26 5.72 5.67 054 0.29 5.97 7.16 2.85 Yes
PWBS Rad  4.31 5.39 5.83 5.90 0.83  0.68 6.29 8.48 417 No
TWBS Pil 10.53 1190 1244 1239 0.70 050 12.81 14.14 3.61 Yes
TWBS T1 10.76 12.06 12.52 1249 065 042 12.85 14.01 3.25 Yes
TWBS Rad  13.10 14.75 1551 15.62 142 2.01 16.32 2221 9.11 No

DSH, angle between the dorsal surface of the distal phalanx and horizontal (degrees); DWBS, dorsal weight-bearing surface
(cm); HWH, angle between the dorsal hoof wall and horizontal (degrees); Maximum, maximal value; Minimum, minimal value;
Median, median value; Mean, mean value; Normality, normally distributed (yes/no) ; PWBS, palmar weight-bearing surface (cm;
Pil, sagittal images from 3-plane MRI pilotsRad, lateromedial radiographic view; Q25, first quartile; Range, range of values; SD,
standard deviation; Variance, variance; SSH, angle between the solar surface of the distal phalanx and horizontal (degrees); T1,
images from sagittal T1-weighted MR sequence); TWBS, total weight-bearing surface (cm).

Table 2

Descriptive data of lateromedial foot conformation measurements.
Parameter Minimum Q25 Median Mean  SD Variance Q75 Maximum  Range  Normality
DistP2 M3P  0.15 057  0.81 0.99 0.64 0.41 125 349 3.34 No
DistP2 M5P  0.24 0.57 0.83 0.95 0.55 0.30 1.14 271 2.47 No
DistP2 Rad 0.07 052  0.98 1.22 087 0.76 1.78  3.82 3.75 No
DistP1 M3P  0.20 077 129 1.38 0.77  0.59 1.85 3.56 3.36 No
DistP1 M5P  0.23 089 137 1.48 0.79  0.62 196 3.88 3.65 No
DistP1 Rad 0.14 074 1.26 1.53 1.01 1.02 217  5.52 5.38 No

DistP1, angle between the articular surface of the proximal interphalangeal joint and horizontal (pastern joint angle, degrees);
DistP2, Angle between the articular surface of the distal interphalangeal joint and horizontal (coffin joint angle, degrees); M3P,
sagittal images from 3-plane MRI pilots; M5P, sagittal images from 5-plane MRI pilots; Minimum, minimal value; Median,
median value; Mean, mean value; Maximum, maximal value; Q25, first quartile; Range, range of values, Normality, normally
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distributed (yes/no); Rad, dorsopalmar radiographic view; SD, standard deviation; Variance, variance.

relation (0.6, P < .001) was found between measurements of the
DistP2 angle from 3-plane pilot MR images and from 5-plane pilot
MR images. There was also no significant difference between mea-
surements of this angle between the two MR pilot images sources
(V = 2450.5, P = .93). There was a significant difference between
DistP2 angle measurements obtained from radiographs and both
MR pilot images (Table 5, Fig. 6).

The rank correlation for the DistP1 angle between the 3-plane
pilot MR image, the 5-plane pilot MR image and the dorsopalmar
radiographic view ranged from 0.4 to 0.59 (P < .001). There was no
significant difference for this angle between radiographs and either
MRI pilot or between the two MRI pilots (Table 5, Fig. 6).

4.3. Intraobserver reliability

Intraobserver reliability for repeated measurements of each foot
conformation parameter was high with Spearman’s rho ranging
from 0.762 (P < .001, CI 0.66-0.84) for PWBSPil to 0.993 (P < .001,
CI 0.99-1.0) for DWBSRad.

5. Discussion

The present study has identified a low to high degree of pos-
itive correlation between foot conformation angles and lengths
measured from radiographs and MR images in both the latero-
medial and dorsopalmar planes. However, with few exceptions,
the measured dorsopalmar foot conformation parameters between

the different image sources were found to be significantly dif-
ferent from each other. With regards to lateromedial conforma-
tion, there was a significant difference for the distal interpha-
langeal joint angle DistP2 between radiographs and the two MR
image sources, but there were no significant differences between
all imaging sources for the proximal interphalangeal joint angle
DistP1. Overall, the hypothesis of the study was therefore rejected.

Exact measurement of foot conformation angles and distances
is considered useful and supportive for correct trimming and ap-
propriate choice of shoeing in horses [1, 2, 5, 7]. A significant
difference between image sources for most measured parameters
was identified with the robust Wilcoxon signed-rank test in our
study. Similar to findings in the study from Arble et al. (2009), this
could indicate a truly inferior suitability of MR images for this pur-
pose in comparison to the radiographic gold standard [10]. Vari-
able inter- and intraobserver reliability is not unusual in studies
evaluating diagnostic imaging studies of orthopedic conditions [11,
12], although a previous multi-observer study assessing selected
equine hoof wall and sole measurements on radiographs and MR
images has identified excellent inter- and intraobserver reliability
[13]. Measurements for both dorsopalmar and lateromedial confor-
mation parameters in the present study were performed by sin-
gle two observers, respectively. The intraobserver reliability in our
study was high, with a Spearman rho between the three measure-
ments of each parameter ranging from 0.762 to 0.993. However,
intraobserver reliability is often higher than interobserver reliabil-
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Fig. 4. Box-and-whisker plots of dorsopalmar foot conformation angles. Bold horizontal bar = median, box = interquartile range, bottom whisker = Minimum (first quartile
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Fig. 5. Box-and-whisker plots of dorsopalmar foot conformation lengths. Bold horizontal bar = median, box = interquartile range, bottom whisker = Minimum (first quartile
-1.5x interquartile range), top whisker = Maximum (third quartile + 1.5 x interquartile range), circles = outliers. DWBS = dorsal weight-bearing surface, PWBS = palmar
weight-bearing surface, TWBS = total weight-bearing surface, Pil = sagittal images from 3-plane MR pilots, T1 = images from sagittal T1-weighted MR sequence, Rad = lat-
eromedial radiographic view. Asterisk indicates significant difference. NSD = No significant difference.

ity in the analysis of diagnostic imaging studies [11, 12]. The use of
more observers could therefore potentially have produced different
results.

Inaccurate measurement of conformation angles and distances
could also have been caused by the less distinctly visible outline
of the hoof capsule on MR images in comparison to radiographs.
The hoof wall, particularly the stratum externum and the stratum

medium, has a relatively low water content. Consequently, the low
number of hydrogen ions in these tissues results in less signal
and poorer image quality in some MR sequences [13]. As this was
merely a problem for the measurement of dorsopalmar conforma-
tion parameters, we have decided to additionally include analysis
of sagittal TIW GRE MR images for this part of the study. Sub-
jectively, we felt that the outline of the hoof capsule was better
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visible on images from this MR sequence in comparison to im-
ages from the MR pilot sequence. However, the values for HWH
obtained from MR images tended to be higher than those obtained
from radiographs: The difference was significant between measure-
ments from TIW GRE MR images and those from radiographs. This
observation could potentially be explained by the technique used
for measuring HWH on MR images, with the periople providing the
only reliable directly visible landmark indicating the contour of the
dorsal hoof wall. Also, DWBS and TWBS measurements in sagit-
tal MR images were significantly shorter in comparison to those
obtained from lateromedial radiographs, which was attributed to
poor visibility of the solar surface of the hoof capsule. In their ca-
daver model study, Grundmann et al. (2015) have improved the
visibility of the hoof capsule outline by coating it with lard prior
to high-field MR image acquisition in order to saturate the superfi-
cial keratin with more moisture. The authors felt that this allowed
for precise and consistent measurements in the hoof wall and sole
[13]. In the same study, the authors also applied a thin layer of
barium contrast paste to the sole to facilitate more exact and con-
sistent measurement of foot conformation parameters from digital
radiographs [13]. Due to its retrospective nature, no such measures
to improve visibility of the hoof capsule outline with either imag-
ing modality were undertaken in our study. For the same reason,
we have also not used markers that would have allowed for cor-
rection of magnification on radiographs.

The concave solar angle of the distal phalanx (SSH) is not rou-
tinely used as a foot conformation parameter: The contour of the
solar margin visible on a radiograph represents the summation of
superimposing regions of the distal phalanx. This is not adequately
represented on a single slice of a 3D imaging modality, such as MR.
On the other hand, the concave solar angle of the distal phalanx
(SSH) can be measured on both lateromedial radiographic views
and mid-sagittal MR images [4].

Different positioning of the limb during image acquisition with
the respective modalities could have been another confounding
factor. Image quality and foot conformation parameters can be con-

siderably altered by changes in positioning of the limb: Increas-
ing degrees of abduction of the forelimb during acquisition of dor-
sopalmar foot radiographs in live horses have been shown to result
in significant increase of the distal and proximal interphalangeal
joint angles [14].

We have not observed this in our study: With positioning of the
limb in the open magnet of the standing MR system, we would
have expected both DistP2 and DistP1 to be higher on MR im-
ages than on radiographs. However, DistP2 angle was significantly
higher on radiographs than on MR images. Also, DistP1 was mea-
sured higher than DistP2 in all imaging sources. Whereas the for-
mer observation could potentially be explained with a higher de-
gree of abduction during acquisition of radiographs (despite all ef-
forts made to position the limbs correctly), we have no conclu-
sive explanation for the latter: Overall, the observed differences be-
tween imaging modalities were very small (1-2 degrees). These re-
sults should therefore be interpreted with caution, as it is possible
that they do not indicate a true disparity. Retrospectively, measure-
ment of an additional pedal bone angle [2] could potentially have
provided more information about the effects of limb abduction.
Also, a cadaver limb study by Tacchio et al. (2002) has demon-
strated that rotation of the hoof also must be tightly controlled to
allow for consistent measurement of dorsopalmar foot conforma-
tion angles [15]. Lastly, a unipodal stance (lifting the contralateral
forelimb) during acquisition of foot radiographs has been shown to
significantly alter multiple lateromedial and dorsopalmar foot con-
formation parameters [16]. It is therefore important to position the
limb as straight as possible and to avoid abduction during acqui-
sition of both radiographs and standing low-field MR images. In
our experience, the width and height of the open low-field mag-
net makes this often difficult during MR examination, particularly
in smaller horses where a certain amount of limb abduction can-
not always be avoided.

In standing low-field MR studies in horses, only the first un-
corrected pilot scan truly indicates the orientation of the foot in
relation to the ground. However, in order to optimize image acqui-
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Table 3

Correlation matrix and Wilcoxon paired signed-rank test results of an-

gles measured for dorsopalmar foot conformation.

SSH PIL SSH T1 SSH RAD
SSH Pil Kendalls’ Tau 0.86 0.84
P value <0.001 <0.001"
\Y 3555.00 758.50
P value <0.001* <0.001*
SSH T1 Kendalls’ Tau  0.86 0.82
P value <0.001 <0.001*
\% 3555.00 1462.00
P value <0.001* <0.001*
SSH Rad Kendalls’ Tau 0.84 0.82
P value <0.001* <0.001*
\% 758.50 1462.00
p-value <0.001* <0.001
HWH Pil  HWH T1 HWH Rad
HWH Pil Kendalls’ Tau 0.81 0.73
P value <0.001* <0.001"
\Y 1159.00 2515.00
P value <0.001* 0.97
HWH T1 Kendalls’ Tau 0.81 0.73
P value <0.001 <0.001*
\% 1159.00 1311.00
P value <0.001* <0.001*
HWH Rad Kendalls’ Tau 0.73 0.73
P value <0.001* <0.001*
\% 2515.00 1311.00
P value 0.97 <0.001*
DSH Pil DSH T1 DSH Rad
DSH Pil Kendalls’ Tau 0.81 0.79
P value <0.001* 0.000
\Y 938.00 1296.50
P value <0.001* <0.001"
DSH T1 Kendalls’ Tau  0.81 0.82
P value <0.001* <0.001"
\Y 938.00 234.00
P value <0.001* <0.001*
DSH Rad Kendalls’ Tau  0.79 0.82
P value 0.000 <0.001
\% 1296.50 234.00
P value <0.001* <0.001*

Table 4
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Correlation matrix and Wilcoxon paired signed-rank test results for

length measurements of dorsopalmar foot conformation.

DWBS Pil  DWBS T1  DWBS Rad
DWABS Pil Kendalls’ Tau 0.61 0.42
P value <0.001 <0.001
v 1089.50 5050.00
P value <0.001* <0.001*
DWBS T1 Kendalls’ Tau  0.61 0.35
P value <0.001 <0.001
v 1089.50 5050.00
P value <0.001* <0.001*
DWBS Rad Kendalls’ Tau  0.42 0.35
P value <0.001* <0.001*
\ 5050.00 5050.00
P value <0.001 <0.001
PWBS Pil  PWBS T1 PWBS Rad
PWBS Pil Kendalls’ Tau 0.53 0.32
P value <0.001* <0.001*
\% 3139.00 2872.00
P value 0.03* 0.23
PWBS T1 Kendalls’ Tau  0.53 0.35
P value <0.001" <0.001
\% 3139.00 3323.50
P value 0.03* 0.006*
PWBS Rad Kendalls’ Tau 0.32 0.35
P value <0.001* <0.001*
v 2872.00 3323.50
P value 0.23 0.006*
TWBS Pil  TWBST1  TWBS Rad
TWBS Pil Kendalls’ Tau 0.52 0.46
P value <0.001* <0.001*
\Y 4923.00 5050.00
P value 0.05 <0.001*
TWBS T1 Kendalls’ Tau  0.52 0.47
P value <0.001 <0.001
v 4923.00 5050
P value 0.05 <0.001*
TWBS Rad Kendalls’ Tau  0.46 0.47
P value <0.001 <0.001
v 5050.00 5050
P value <0.001* <0.001*

DSH, angle between the dorsal surface of the distal phalanx and hor-
izontal; HWH, angle between the dorsal hoof wall and horizontal;
Kendall’s tau, correlation coefficient with p-value; Pil, sagittal images
from 3-plane MRI pilots; Rad, lateromedial radiographic view; SSH, an-
gle between the solar surface of the distal phalanx and horizontal; T1,
images from sagittal T1-weighted MR sequence; V, V-statistic Wilcoxon
paired signed-rank test with p-value.
* indicates statistical significance.

sition and visualization of structures, one or more follow-up pilot
scans are often acquired to plan the subsequent diagnostic MR se-
quences of the study [17]. This step results in a rotation of planes
and subsequently acquired images therefore no longer indicate the
true orientation of the foot in relation to the ground. This could
also explain the difference between some measured parameters
from radiographs and from some of the MR images in the present
study. Using the first, uncorrected 3-plane MR pilot scan only for
analysis would avoid this problem, but the poorly visible outline of
structures in these images could in turn make precise measuring
of angles and distances difficult, as indicated above. Additionally,
similar to the observations made with radiography [15], rotational
positioning of the limb within the magnet leads to obliquely ac-
quired images in the uncorrected MR pilot and could potentially
result in incorrect measurements. Fitting of a ground marker that
can be easily recognized, such as oil-filled capsules or a flat object
with high MR signal, to the weight-bearing surface of the hoof cap-
sule inside the radiofrequency coil could at least help to visualize
essential reference points during image acquisition. This should be
considered for further studies that aim to measure conformation
parameters from standing low-field MR images.

DWBS, dorsal weight-bearing surface; Kendall's tau, correlation coeffi-
cient with p-value; PWBS, palmar weight-bearing surface; Pil, sagittal
images from 3-plane MRI pilots; Rad, lateromedial radiographic view;
TWABS, total weight-bearing surface; T1, images from sagittal T1-weighted
MR sequence; V, V-statistic Wilcoxon paired signed-rank test with P
value.

* indicates statistical significance.

In conclusion, our study has found several considerable dif-
ferences between selected foot conformation parameter measure-
ments from radiographs and from MR images that could have vari-
able explanations. Foot conformation measurements from MR im-
ages should be used with caution in clinical practice. Limited im-
age quality for this purpose and possible positioning artefacts as-
sociated low-field MR imaging would support the acquisition of a
current set of foot radiographs at the time of MR examination.

Fig. 7
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Fig. 7. Non-parametric Bland-Altman plot for comparison of the angles HWH Rad and HWH T1: Difference = difference between measurements in degrees, Average = mean
of the measurements in degrees, top dashed line = 90th quartile, top dotted line = 75th quartile, solid line = median, bottom dotted line = 25th quartile, bottom dashed

line = 10th quartile.

Table 5

Correlation matrix and Wilcoxon paired signed-rank test results of angles
measured for lateromedial foot conformation.

DistP2 M3 DistP2 M5 DistP2 Rad

DistP2 M3 Kendalls’ Tau 0.60 0.43

P value <0.001* <0.001*

\Y 2450.50 3455.00

P value 0.933 0.001*
DistP2 M5 Kendalls’ Tau  0.60 0.39

P value <0.001* <0.001*

\Y 2450.50 3490.50

P value 0.933 0.001*
DistP2 Rad  Kendalls’ Tau  0.43 0.39

P value <0.001* <0.001*

\" 3455.00 3490.50

P value 0.001* 0.001*

DistP1 M3  DistP1 M5  DistP1 Rad

DistP1 M3 Kendalls’ Tau 0.59 0.40

P value <0.001* <0.001*

\ 2058 2775.50

P value 0.15 0.295
DistP1 M5 Kendalls’ Tau  0.59 0.47

P value <0.001* <0.001*

\Y 2058 2378.00

P value 0.15 0.615
DistP1 Rad  Kendalls’ Tau  0.40 0.47

P value <0.001* <0.001*

\" 2775.50 2378.00

P value 0.295 0.615

DistP2, Angle between the distal articular surface of the middle phalanx and
horizontal (coffin joint angle); DistP1, angle between the distal articular sur-
face of the proximal phalanx and horizontal (pastern joint angle); Kendall's
tau, correlation coefficient with P value; M3P, sagittal images from 3-plane
MRI pilots; M5P, sagittal images from 5-plane MRI pilots; Rad, dorsopalmar
radiographic view; V, V-statistic Wilcoxon paired signed-rank test with P

value.

* indicates statistical significance.
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