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Summary

Background: Palmaroproximal-palmarodistal oblique (PaPr-PaDiO) radiographs are
regularly obtained for a full evaluation of the navicular bone (NB). Despite their rou-
tine use, different acquisition techniques are described.

Objectives: To determine optimal foot placement and beam angle for obtaining PaPr-
PaDiO views.

Study design: In vitro experiment.

Methods: A convenience sample of 26 disarticulated forelimbs were placed in six dif-
ferent positions using a leg press to mimic the weight-bearing position. In each posi-
tion, navicular PaPr-PaDiO images were obtained with eight different beam angles.
The resulting 1248 radiographs were graded for their diagnostic quality and the com-
pacta spongiosa demarcation of the NB.

Results: Diagnostic quality and compacta-spongiosa demarcation was graded higher
for feet positioned caudally and angle between 40° and 45°. Elevation of the toe sig-
nificantly decreased the NB palmar border angle (elevated mean: 40.66, SD: 4.46,
non-elevated mean: 42.06, SD: 4.70) (P < .01), but seemed to have no obvious positive
influence on radiographs.

Main limitations: Using disarticulated legs could only mimic positions but, using a
press, weight-bearing positions were replicated as closely as possible. The use of a
convenience sample makes the results of the study exploratory only.

Conclusions: Caudal foot placement seems to improve the image quality of the na-
vicular PaPr-PaDiO view. The widely used standard beam angle of 45° appears to be
the favourable angle for acquisition with a varied range of -5°. Elevation of the toe,
standard in most commercially available navicular skyline cassette holders, does not

influence the obtained image quality.
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1 | INTRODUCTION

Routine protocols for radiographic evaluation of the navicular bone
(NB) usually consist of lateromedial (LM) views, dorsoproximal-
palmarodistal oblique (DPr-PaDiO) views and palmaroproximal-
palmarodistal oblique (PaPr-PaDiO) views.! The latter has been
described with different techniques, with different positions of the
limb and different angles of the primary x-ray beam. In the first de-
scription of the PaPr-PaDiO view, placing the foot as far caudally
underneath the horse as possible was recommended.? Additionally,
the primary beam angle should be parallel to the palmar aspect of
the digit resulting in the primary beam being in the same plane as
the palmar compact bone (PB).%° In a later study, a beam angle of
45° was specified but the position of the limb was not mentioned,*
whilst others recommended a caudal position of the foot for this
beam angle.> Another study used a beam angle depending on the
foot conformation for the PaPr-PaDiO view, but neither commented
on foot position or beam angle nor how foot conformation influ-
enced acquisition parameters in detail.® In a recent study, a standard
beam angle between 55-65° and 35-45° for additional views was
suggested.7 Different angles depending on the position of the foot
are described in the literature, angulation should be 45° when the
foot is placed flat on the floor and an angle of 30° is recommended
when a wedged block for toe elevation is used.? In contrast, some
authors suggest the heels should be elevated rather than the toe.”°
One study investigating different limb positions and primary beam
angles concluded an angle of 47° was favourable, independent of
the limb positions.9 However, in that study, a wedge block to elevate
the toe was not used.

In summary, there is no universal agreement on either the beam
angle or foot placement for the acquisition of the PaPr-PaDiO view.

Therefore, the aim of the current study was to investigate the op-

timal position of the leg and the best angle of the x-ray beam for

obtaining the PaPr-PaDiO view. We hypothesised that a far caudal
position with an elevated toe and a primary beam angle of 45° is

superior to other positions and primary beam angles.

2 | MATERIALS AND METHODS

A convenience sample of 26 forelimbs was obtained from an abat-
toir and breed, age and reason of death were unknown. The legs
were disarticulated at the middle carpal joint and a hole was drilled
into the third carpal bone and the proximal end of the third meta-
carpal bone, to apply a custom-made hydraulic leg press to simulate
weight-bearing positions as closely as possible. The pressure was ap-
plied to achieve full weight-bearing of the sole (Figure 1) and to the
position of the metacarpal bone perpendicular to the floor (positions
1 and 4) and with the foot 3 (positions 2 and 5) and 6 cm caudally
(positions 3 and 6). To avoid artefacts, shoes were removed, feet
were thoroughly cleaned and frogs were packed with commercial
putty (Play-Doh®, Hasbro UK Ltd).

2.1 | Image acquisition

Palmaroproximal-palmarodistal oblique views of all limbs were ac-
quired with the foot positioned on a skyline block (Podoblock), in six
different positions (Figure 1) using ceiling-mounted x-ray equipment
(Siemens Optitop machine, Siemens Healthcare GmbH; Fujifilm UK
Ltd) and the following palmaroproximal primary beam angles: 25°,
30°, 35°,40°,45°,50°, 55° and 60°. Additionally, in all feet, laterome-
dial radiographs were taken in the six-foot positions using a portable
machine (Powerlight 90, Veterinary X-Rays). This set-up was chosen
to take all the radiographs in each position without movement of the

plate, foot or x-ray machine.

FIGURE 1 Top row (A-C) Positions
without toe elevation, bottom row

(D-F) positions with toe elevation. A,
Position 1: Metacarpus perpendicular

to the ground—without toe elevation,

(B) Position 2: Foot placed 3-cm palmar
compared to position 1—without toe
elevation, (C) Position 3: Foot placed 6 cm
palmar compared to position 1—without
toe elevation, (D) Position 4: Metacarpus
perpendicular to the ground—with toe
elevation, (E) Position 5: Foot placed 3-cm
palmar compared to position 4—with toe
elevation, (F) Position 6: Foot placed 6-cm
palmar compared to position 4—with toe
elevation
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2.2 | Image rating
All acquired PaPrPaDiO images (n = 1248) were anonymised and
each image was randomly assigned a number between 1 and 1248.
The images were evaluated by a board-certified Diagnostic Imaging
Specialist and a Veterinary Surgeon unaware of the position and x-
ray beam angle used. Images were first graded for their diagnostic
quality (DQ) as well as the compacta-spongiosa demarcation (CSD)
of the NB using dedicated imaging viewing software (Horos, The
Horos Project) (Table 1 and Figure 2). Additionally, the sum of both
criteria was calculated (SUM). For DQ the percentage of the NB vis-
ible was estimated in 25% intervals, from not visible at all to fully
visible including the dorsal border. The latter should be included in
an ideal radiograph to fully visualise and evaluate the navicular bone
and if this is not the case an additional radiograph should be ob-
tained.® The grading system was developed and discussed by both
evaluators using images from clinical cases prior to grading the study
radiographs. One feature of navicular bone disease is an abnormal
increase of the radiopacity of the spongiosa leading to decreased
CSD. However, CSD can be artefactually decreased due to subopti-
mal image acquisition. The chosen ordinal scale for grading the CSD
is routinely used in our clinic.

On lateromedial views, the angle of the PB and dorsal border (DB)
of the NB, the solar angle of the distal phalanx (SAP3) to the ground

TABLE 1 Grading system used for
the evaluation of the acquired navicular

and the angle of the distal interphalangeal joint (DIPJ) were mea-
sured®'? (Figure 3). Measurements of angles were repeated three
times using dedicated imaging viewing software (Horos, The Horos
Project) and averages were used for further statistical analysis.

2.3 | Data analysis

Statistical analyses were performed using IBM SPSS Statistics ver-
sion 26 (IBM United Kingdom Ltd). Agreement between observers
was determined using weighted kappa (k) statistics. Strength of
agreement was interpreted as follows: values k¥ < 0.00 poor, 0.01-
0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80, substan-
tial, 0.81-1.00 almost perfect.}?> Generalised estimating equation
with ordinal logit link function was used for comparison of DQ,
CSD and SUM in the different foot positions to position 6 and dif-
ferent angles of the x-ray beam to an angle of 45013 An exchange-
able matrix was used to accommodate for repeated measurements
in the same leg. Data of the angle measurements were tested for
normal distribution using the Shapiro-Wilk test. For statistical anal-
ysis of the angle measurements, repeated-measures ANOVA with
Greenhouse-Geisser post hoc tests and Bonferroni correction were
used for PB and DB as the data were normally distributed. For SAP3
and DIPJ, Friedman and Wilcoxon signed-rank tests were used as the

Compacta-spongiosa

N R Grade Diagnostic quality demarcation
skyline views
0 No assessment of the navicular bone is Severe loss of demarcation
possible
1 25% of the navicular bone assessable Moderate loss of demarcation
2 50% of the navicular bone assessable Mild loss of demarcation
3 75% of the navicular bone assessable Well defined demarcation
4 Navicular bone and the dorsal border Not applicable

assessable

FIGURE 2 Palmaroproximal-palmarodistal oblique views of the same limb in position 6 acquired with different primary beam angle: (A)
55°, (B) 50°, (C) 45°, (D) 40°, (E) 35° and (F) 30°. Image C was graded highest for diagnostic quality and compacta spongiosa demarcation
compared to all other images. Images (A, B and D) were rated with a grade 3 for diagnostic quality, however, compacta spongiosa
demarcation was lower in (A and B) compared to (D). Images (E and F) were graded lowest for diagnostic quality and compacta spongiosa

demarcation
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FIGURE 3 Lateromedial radiograph of the foot of one of the
limbs with measurement lines for illustrative purposes: DIPJ: distal
interphalangeal joint angle—The angle between the central axis

of the middle phalanx and the dorsal aspect of the distal phalanx.
Please note the latter is translated more palmarly. The angle of the
dorsal border (DB) and palmar border (PB) of the navicular bone, as
well as the solar angle of the distal phalanx (SAP3), were measured
to the horizontal weight-bearing surface

data were not normally distributed. The significance of all statistical

tests was set at P < .05.

3 | RESULTS

3.1 | Angle measurements in different positions
Angle measurements are presented in Figure 4. The DIPJ angle
was significantly higher in position 6 compared to all other posi-
tions (P < .01) and significant differences were found between
the other positions except between position 2 and 1, position 4
and 2 and position 3 and 5 with the more caudal positions having
higher angles. The SAP3 angle was significantly different between
the flat positions (positions 1, 2 and 3) and the positions with the
toe elevated (positions 4, 5 and 6) (P < .001). No differences were
found between Positions 1, 2 and 3. For the positions with the toe
elevated, the SAP3 angle was smaller in position 6 compared to
positions 4 and 5 (P < .01). The DB and PB angles were lower in po-
sitions 4, 5 and 6 compared to positions 1, 2 and 3. A significantly
lower PB angle was found in position 4 compared to positions 2
and 3 (P < .05) as well as for position 5 to positions 1, 2 and 3
(P < .05). The DB angle was significantly lower in position 4 com-
pared to positions 1, 2 and 3 (P < .01). In position 5, the DB angle
was significantly lower than positions 2 and 3 (P < .05). In position
6, DB angle was lower than in position 3 (P < .01). No differences
were found between positions 1, 2 and 3 as well as between posi-
tions 4, 5 and 6.

3.2 | Agreement for grading between the
veterinary surgeon and the diplomate

Substantial agreement between both observers was found for DQ
(k = 0.69, 0.95 confidence interval [Cl] = 0.67-0.72, P < .001) and
SUM (k= 0.69, Cl = 0.67-0.71; P < .001). For CSD, an agreement was
moderate between both observers (k = 0.49, Cl 0.45-0.54; P < .001).
Overall, images were graded lower by the diplomate than by the vet-

erinary surgeon.

3.3 | Grading of images

Both observers graded the DQ of images in position 6 significantly
higher than images obtained in the other positions (Figure 5). Except
for images acquired with an x-ray beam of 40°, the DQ was graded
significantly higher by both observers for images obtained with an
x-ray beam angle of 45° compared to the other angles.

Compacta-spongiosa-demarcation was graded significantly
higher for images in position 6 compared to the other positions by
both observers, except for position 3. No differences were found
for the grading of CSD for images obtained with the angulation of
the x-ray of 35° and 40° compared to angulation of 45°. However,
grading by both observers for images acquired with the remaining
angulations of the x-ray beam was significantly lower compared to
angulation of 45°,

Grading of the sum of both parameters was not different be-
tween images in positions 6 and 3 by the diplomate, but the veter-
inary surgeon graded images in position 6 significantly better than
position 3 (P < .05). Grades for images acquired in all other positions
were significantly lower compared to position 6 for both observers.
Both observers graded images acquired with an x-ray beam of 45°
significantly higher than images with other angulations except for

images obtained with an x-ray beam angle of 40°.

4 | DISCUSSION

Radiographs obtained with caudal foot placement with an elevated
toe and x-ray beam angle between 40° and 45° were graded higher
than other positions and angulations concerning the DQ. Caudal foot
placement with and without an elevated toe and x-ray beam angles
between 35° and 45° resulted in a better definition of the CSD. For
the combined parameters, DQ and CSD, both observers graded im-
ages with caudal foot placement and x-ray beam angles between 40°
and 45° higher than images obtained in other positions or other x-
ray beam angulations. Despite having a substantial agreement for the
combined parameter, the diplomate found no differences between
images obtained either with or without toe elevation in the most cau-
dal position; the veterinary surgeon graded the caudal positions sig-
nificantly higher. Therefore, based on the results of the current study,
caudal foot placement and a beam angle between 40° and 45° should
be used for the acquisition of PaPrPaDiO radiographs in horses.
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FIGURE 4 Box-plots of the measurements of the angles on lateromedial radiographs in the different positions. DIPJ—Distal

interphalangeal joint angle (A), SAP3—angle of the solar border of the distal phalanx to the weight-bearing surface (B), DB—angle of the
dorsal border of the navicular bone to the weight-bearing surface (C). PB angle of the palmar border of the navicular bone to the weight-

bearing surface (D)
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FIGURE 5 Box-plots of the evaluation of the palmaroproximal-palmarodistal oblique radiographs of the diplomate (DIP) and the

veterinary surgeon (VS) for grading the diagnostic quality (DQ) (A, D), compacta spongiosa demarcation (CSD) (B, E) and the sum of both

criteria (SUM) (C, F). Top row: angulations (A-C) and bottom row positions (D-F). Letters are indicating a significant difference of the
angulation to angulation of 45° as well as a significant difference of a position to position 6. (a: P < .001; b: P < .01; c: P < .05)
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This beam angle is in accordance with most previous studies,*>®

but not used as standard in a recent study.7 In the latter, this was in-
stead used as an additional angle, and the routine beam angle used
was between 55° and 65°. However, angles above 55° were not
found to provide high rated radiographs. Interestingly, the additional
angle used in the recent study helped identify erosions of the PB.” In
combination with the results of the current study, using a beam angle
between 40° and 45° is recommended for evaluation of the NB on
PaPrPaDiO radiographs. Furthermore, these beam angles are similar to
the angle of the PB measured on the lateromedial radiographs and are
similar to previously published data.” Therefore, these results suggest
the best beam angles equal the angle of the PB, which is not surprising
as for optimal radiographs the beam should be parallel to the PB.*

For positions with a raised toe, a flatter angle of 30° has been
recommended.® This conclusion is in contrast to the results of the
current study, where images obtained with this beam angle were
constantly graded by both observers as inferior to a beam angle of
45°, This can be explained by the measurements of the PB and DB
in the LM view. These were approximately 1.9-2.1° (DB) and 1.2-
2.1° (PB) lower in positions 4, 5 and 6 compared to positions 1, 2
and 3. Elevation of the toe by 10-15° alters these angles marginally,
therefore a different beam angle would not be justified for improved
image quality.

Caudal placement of the foot was assumed to cause hyperexten-
sion of the DIPJ and, therefore, avoid superimpositions and increase
the diagnostic quality.® This was also found in the current study,
where caudal placement increased the angle of the DIPJ, but not
SAP3. Whilst toe elevation changes SAP3, it appears to have less
influence on the angle of the DIPJ. The DB and PB appeared to be
lower when the toe was raised, but the caudal placement of the foot
did not alter these significantly.

Images obtained in positions with the metacarpal bone perpen-
dicular to the floor were graded significantly lower than the most
caudal positions, either with or without toe elevation. Therefore,
acquiring radiographs in these positions might lead to insufficient
DQ and an abnormal decrease in CSD. In some horses, positioning
the leg caudally and on the plate might be challenging and lifting the
contralateral limb will aid positioning in these cases, but will result
in a position with the metacarpal bone perpendicular to the floor.814
However, based on the results of the current study, the negative
influence on the resulting radiograph should be considered. It ap-
pears to be more appropriate to contemplate alternative restrain-
ing methods rather than lifting the contralateral limb for sufficient
image quality.

Agreement between both observers was substantial for DQ
as well as the SUM and moderate for grading CSD. The latter is in
accordance with previously published results, where CSD showed
good intra- and interobserver agreement.® The better agreement
for DQ highlights that judging radiographs for their DQ appears
to be a relatively easy task when proper guidelines are available.
However, the more experienced observer graded the images
lower overall; this could be due to their more critical judgement
of radiographs.

The main limitation of the current study is the use of disar-
ticulated limbs rather than obtaining the images in live horses.
However, obtaining the number of views done per limb in the
current study would have led to major radiation safety concerns.
Furthermore, horse compliance might not have been sufficient to
acquire multiple views in the same positions without movements
in between. Using a custom-made positioning aid with pressure
on the limbs, weight-bearing positions were simulated as closely
as possible. Another limitation might be the dissected deep digital
flexor tendon, which might have influenced the position of the limb
and the NB. However, the NB has multiple ligaments to secure it in
a fixed position, restricting its movement and hence the dissected
deep digital flexor tendon might be neglected for influencing the
position of the NB. The experimental set-up appeared to provide
sufficient stimulation of weight-bearing conditions, with latero-
medial images appearing as expected in live horses. Furthermore,
on these views, the angle of the NB was within the same range as
in previously published studies.” Caudal positions were only ob-
tained up to six centimetres caudally and were chosen as more
caudal placement might not be possible in all live horses. Whether
the further caudal placement of the limb would have led to further
improved image quality was not investigated in the current study.
The number of legs included was chosen at convenience, and
whether a higher study population would have led to more signif-
icant differences is unknown. Finally, as no information about the
orthopaedic health status of the limbs was available, it is possible
that some NB were diseased and had an abnormal CSD. However,
as all limbs were radiographed with the same set of image acqui-
sition parameters and a comparison of these were made; it is pre-
sumed that this might have limited the influence of disease on the
results of the current study.

The current results suggest that a beam angle between 40° and
45° should be used for the acquisition of a PaPrPaDiO radiograph
of the NB to obtain an image of high DQ and optimal CSD. Caudal
foot placement seems to be more beneficial for image quality than
toe elevation.
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