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® Morphometric evaluation of relevant radiographic parameters of the

forefeet of clinically normal donkeys (Equus asinus)
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ABSTRACT. This study provides a standard database of morphometric evaluation of the digital bone and hoof pa-
rameters of the forefeet of clinically normal donkeys using Digital Imaging and Communications in Medicine (DICOM)
software programme, as a means to improve diagnosis and clinical decision-making regarding foot lameness in equine
practice. Thirty orthopedically sound donkeys were included in this study. For each donkey forefoot, lateromedial (LM)
and dorsopalmar (DP) radiographs were obtained with the foot in a vertical position. A total of 26 digital bone and hoof
parameters obtained from the LM and DP radiographs were evaluated through repeated measurements of the same dig-
italized radiograph by three operators using DICOM software. Data of the morphometric radiographic parameters of
the forefeet were statistically analyzed for the frequency distribution and calculation of the intra-assay and interassay
coefficients of variation (CVs) of the reproducibility of the measured parameters. Mean + SD of digital bone and hoof pa-
rameters were significantly different among the measurements obtained for the 26 parameters. However, intra-assay and
interassay CVs for digital bone and hoof parameters measurements did not differ significantly between the three examin-
ers. In conclusion, morphometric evaluation of the radiographic parameters of the forefeet in clinically normal donkeys,
establishes a reference data base correspondingly for the donkey different to those accepted for the horse.
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INTRODUCTION

onkeys (Equus asinus) represent an important

component of Egyptian livestock and make a
significant contribution to the agricultural economy;
serving as draft animals. Importance of donkeys is also
conferred upon them through their use in riding tour-
ism and as eco-friendly economic means of pack and
transportation when compared with horses (GOVS,
2006). Despite the donkey’s popularity, information
regarding various musculoskeletal conditions in this
species, including reference limits for lameness vari-
ables and diagnostic tests for hoof affections, is limit-
ed (Reilly, 1997; Crane, 2007).

The foot represents an important structure for
the sound movement of the equine limb during both
support and swing phases of the stride. Any affliction
that causes pain or reduction in the range of motion
may seriously affect performance. (Redden, 2003;
Anderson et al., 2004). Diagnosis of foot lameness is
a challenging process and needs to be carried out in
conjunction with the clinical examinations and differ-
ent diagnostic imaging modalities (Tucker and Sande,
2001; Dyson and Murray, 2007).

Radiography is traditionally an important part
of the subjective routine foot examination in equine
lameness (Dyson et al., 2001; White et al., 2008).
Recently, quantitative and objective measurement
of digital bone and hoof parameters in equidae has
evolved tremendously with the development of digi-
tal software programmes (Rocha et al., 2004; Read et
al., 2012; Caldwell et al., 2016). Knowledge of these
measurements in locomotor normal equidae is import-
ant for the diagnosis and monitoring of foot lameness
such as laminitis, founder, navicular syndrome, ring
bone and hoof afflictions (Redden, 2003; Vanderper-
ren et al., 2009; Vali and Zakipour, 2014).

Many reports have described the radiographic
anatomy of the foot in horses (Cripps and Eustace,
1999; Kummer et al., 2004; Vali and Zakipour, 2014).
While in donkeys, there is scarce reference informa-
tion for morphometric analysis of the relevant radio-
graphic parameters of the foot; hence a horse model
has been widely applied (Collins et al., 2011; 2012).
On the contrary, Reilly (1997) and Collins et al.
(2002) demonstrated anatomical variation between
the donkey and horse along the digit and asked the
validity of applying this model without verifying data.

Therefore, the present study was assumed to provide a
standard database of morphometric evaluation of the
digital bone and hoof parameters of the forefeet of nor-
mal donkeys using DICOM software programme, as a
means to improve diagnosis and clinical decision-mak-
ing regarding foot lameness in equine practice.

MATERIALS AND METHODS
Donkeys

Thirty donkeys (20 male and 10 female) at 4 to
8 years of age (Mean + SD: 6.4 £+ 2.0 years) and 120
to180 kg of weight (Mean + SD: 150 + 30), were in-
cluded in this study. Donkeys were purchased from
different localities of Dakahlia governorate, Egypt.
All donkeys were clinically sound without a previous
history of lameness or feet abnormality. The study
protocol was approved by the committee of animal
welfare and ethics, Faculty of Veterinary Medicine,
Mansoura University.

Radiographic examinations

Radiographic evaluation of the forefeet was
conducted using a 70 kVp, 2 mAs radiography unit
(Samsung-dong, SY-31-100- P, Seoul, Korea) from
a 70 cm focal distance. For this purpose, the shoes
were removed from the feet which were thoroughly
cleaned using a hoof pick and wire brush. For all feet,
lateromedial (LM) and dorsopalmar (DP) standard
radiographic views were obtained with the limb in a
vertical position standing on a flat wooden block. The
dorsal, medial and lateral hoof wall, bulbs and frog
were marked with bands of a soft metal marker fixed
in place by adhesive tape as described by Kummer
et al., 2004. The LM view was taken with the cen-
tral beam of the radiograph positioned 1 cm below the
coronary band at a right angle to the middle of the line
between the bulbs of the heel and the dorsal aspect
of the hoof wall. The radiographic beam was aligned
parallel to the ground and to the long axis of the distal
sesamoid bone. While in the DP view, the radiograph-
ic beam was centered at the median of the hoof wall,
parallel to the ground and at a right angle relative to
the lateromedial radiographic plane. The resulting ra-
diographs were performed and evaluated by a single
operator (EE) to optimize reproducibility and control
for repeatability effects.

Morphometric examinations
All obtained forefeet’s radiographs were subjected
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for morphometric evaluation using Digital Imaging and
Communications in Medicine (DICOM) programme.
The length and width of the digital bones, founder dis-
tance, angles inside the foot, width of the joints, and
length of medial and lateral hoof wall were measured.
Using the DICOM software, a total of 15 parameters
are computed from the LM radiograph and 11 param-
eters from the DP radiograph with < 5% variance (Ap-
pendix). The parameters are divided into digital bone
parameters, hoof capsule parameters and hoof angles
parameters in correlation to their clinical significance
in the differentiation between normal and lame foot.

To expose possible variation between the obtained
measurements, a total of 26 digital bone and hoof pa-
rameters obtained from the LM and DP radiographs
were measured 10 times by the same operator (EE).
After that, repeated measurements of the same dig-
italized radiographs were made by three examiners
using DICOM software.

Statistical analysis

The distribution of the morphometric radiograph-
ic parameters data was assessed by the Kolmogor-
ov-Smirnov normality test and the data were deter-
mined to be normally distributed. The frequency
distribution and the summary statistics (mean £+ SD,
95% CI, median, range, and 25th, and 75th percen-
tiles) of the radiographic measurements for the digital
bone and hoof parameters of donkeys were reported.
The reproducibility of the digital bone and hoof pa-

rameters measurement was assessed by calculation of
the intra-assay and interassay CVs. For each of the ex-
aminers that data were collected from, the intra-assay
CV was calculated by dividing the SD of the measure-
ments for that day by the mean of the measurements
for that day. For each donkey, the interassay CV was
calculated for each of the digital bone and hoof pa-
rameters obtained on each data collection day by di-
viding the SD for that particular measurement by the
mean for that particular measurement.

RESULTS

The frequency distribution of digital bone and
hoof parameters measurement on the LM and DP ra-
diographs in donkeys was summarized (Table land
2). Data of the digital bone and hoof parameters mea-
surement on the LM and DP radiographs in donkeys
were summarized (Table 3 and 4).

Lateromedial view findings

Among 15 measured radiographic parameters of
the lateromedial view, the mean of the LP3 was sig-
nificantly lower than LPland LP2 in the digital bone
parameters. Also, the mean £ SD of the FD was 25.2
+ 31.8 for orthopedic disease free mature donkeys.
The tip of P3T was significantly lower than P3G of
the hoof capsule parameters (Fig. 1). In addition, the
P3BA and NA were significantly lower than the other
hoof angle parameters (Fig. 2), Table 3.

Table 1. Frequency distribution of the digital bone and hoof parameters on the LM view in the cohort of donkeys.

Calegory Drgital bomne paramelers (nim) Hoof capsule parameters (mm) Hool angles parameters (1)

LF1 LP2 LIP3 i NW PG 3T FL JH3 HP3 DWL P3A WA HA FiBA
1t Il TO(R)  SO{36) M0 (60) 20058y 10¢60) 20060} 10(60) 10(R0) 40(E0) 1060} BO(60Y SO(5T) 3059 S0(5TH 20(3E)
>11 to 22 007 (0 Oy 20002y 040 0 () 0 {0y 0 {0y LLE( 0 () 0 {0y ) 0 (0 00y {0y
>3 i3 0 () 0 [0y (1] o g0y (0 0 [0y o0y o0y D[ 0 [0y o0y 2T0(ly  O¢ 00}
>33 to 44 007 (0 0 (0 0y 007 0 (i 0 {0y 0 {0y LLE(1 0 (3 0 {0y LR} 0 (0 00y 00y
>44wiF 0 0 0 {0y [L11]] 040y 0 00y 0{0) o 0 Oy 48043)  0(0)  S4002) 00}

Values represent the number (%) of measurements in that particular digital bone and hoof parameters category for the digit bones. The
bone parameters measurements were 1 to 55 mm. For each donkey, 15 parameters were obtained on the 10 times measured LM radio-
graphic projections for each digit and repeated by 3 examiners using DICOM programme. Thus, there were 450 measurements for each

parameter of each digit.
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Dorsopalmar view findings

According to Table 4 which represents 11 mea-
sured radiographic parameters on the DP view, the
JW2 was significantly lower than JW1 and JW3 of the
digital bone joints width. Moreover, the BW1 was sig-
nificantly lower than BW2 of the digital bone width.
However, in the hoof wall length of the hoof capsule
parameters, the LWL was significantly lower than
MWL. Also, between the wall angles, the MWA was
significantly lower than LWA of the measured hoof
capsule parameters (Fig. 3).

The intra-assay CVs (Table 5 and 6) and interas-
say CVs (Table 7 and 8) for digital bone and hoof pa-
rameters measurement on the LM and DP radiographs
in donkeys were analyzed. Neither the intra-assay
CVs nor the interassay CVs differed significantly be-
tween the 3 examiners.

DISCUSSION
Lameness in donkeys is usually related to foot
problems that are frequently associated with chang-

Table 2. Frequency distribution of the digital bone and hoof parameters on the DP view in the cohort of donkeys

Category Digital bone parameters (mm) Hoof capsule parameters (mm)
W1 W2 IW3 BWI O BW2 LWL MWL FW  LWA  MWA  JH3
1o 11 40(60) 30(60) 40(59) 10(53) 20(42) S0(60) 60(60) TO(60) 40(49) 20(60) 20(58)
>11122 00  0¢)  0¢) 150(1) 20004 00 0@ 0 0@ 0@ 22002)
>22t033 00 0@ 0@ 00y 0@ 0@ 0@ 0@ 0@ 0@ 0
>33w0d4d  00) 0@ 350 O0) 0@ 0@ 0@ 0@ 3RO 0(0)  0)
=441055  0) 0@ 0@  O0) 0@ 0@ 0@ 0@ 0@ 000 00

Values represent the number (%) of measurements in that particular digital bone and hoof parameters category for the digit bones. The bone
parameters measurements were 1 to 55 mm. For each donkey, 11 parameters were obtained on the 10 times measured DP radiographic projec-
tions for each digit repeated by 3 examiners using DICOM programme. Thus, there were 330 measurements for each parameter of each digit.

Table 3. Summary of the digital bone and hoof parameters on the LM view in the cohort of donkeys in Table 1.

Vil Diuzital beoe pomnmetens. {mm) Hoed capsule pamameters {mimn) Hoolf mgles pammesten ()
LFl 152 [T 7 7] N PHL T Fl ] DWL  FlA NA Y PIIRA
Man a5 674213 M203E  2RI0F I2aBLE 1002 230l 1080 @402 R0l IR0l TRail  Teleia SIS RS Il
f 671677 320803 IRI283  16S334  1LT1E MM LRI #AR054  ITRITA IR0 TTATIM 4ASME 1300 4740 16%330
Median &10 284 mz 11 n 242 19 944 174 130 714 LE] i 541 e
Eamgy LEFTY IMO-BES  ITEIET  1RO0-10L0 103132 AEodad 113123 SSOWAR ATO0ATA  1ZARd TIETIT  AEO0-EA0 MOIT0 Al 100930
Powcomi by
2%tk A FLE. FLT 1. 14 4.1 1.7 941 372 129 713 L¥] e 40 ILL]
EETY s FIT W4 i ns 245 120 [EE 173 [LE] T8 FIT 11 LTE] 102

*Value differs significantly (P < 0.05) from the corresponding value for the digital bone and hoof parameters of donkeys.

See Table 1 for remainder of key.
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es in digital bone and hoof parameters (Reilly, 1997;
Crane, 2007; Collins et al., 2012). Detection of ana-
tomical change is dependent upon a priori knowledge
of normality and subjective assessment alone may not
identify modest change (Linford et al. 1993). There-
fore, this study aimed to evaluate the digital bone and
hoof parameters measurement on the LM and DP ra-
diographs in clinically normal donkeys and assess the
reproducibility of DICOM measurements in donkeys.
Prior knowledge of these relevant parameters mea-

surement is important for the evaluation of the hoof
health and will be beneficial in the early diagnosis
and monitoring of hoof lameness in donkeys. The LM
radiograph represents the gold-standard view for as-
sessment of the equine foot with all the structures in
it. At the same time, an increased number of different
afflictions related to foot lameness require several ra-
diographic measurements to effectively document the
entire extent of these problems within an affected foot
(Walker et al., 1995; Herthel and Hood, 1999; Becht
et al., 2001; Collins et al., 2011). Thus, in the present

Table 4. Summary of the digital bone and hoof parameters on the DP view in the cohort of donkeys in Table 2.

Variable Digital bone parameters (mm) Hoof capsule parameters {mm)
Wi W2 TW3 w1 BW2 LWI MWL W LWaA MW A JH3
Mean + 5D A0.340.2 .2 I1:I.2+ 4084411 16516 ‘.i‘ 3544450 405 -1:I.-I+ 353402 63 Gk 4 4384447 ZEF.I-H.Il 28.9436.5
95% Cl 4 3-404 34,2343 i0.1-51.2 12.5-21.3 23.8-47.1 494496 5535354 6EA4-68.T 32,3554 20.1-20.2 19.4-38.3
Medmn 40.3 342 3535 14.8 20,0 4596 55.3 8.4 in4 0.1 2.1
Range 40.0-406  34.0-34.7 3503540 14.3-1460 19.6-1990 49.0-50.0  55.0-557 6RBO-69.4 3443840 199204 21.9-224.0
Percentile
15th 40.1 4.1 354 14.5 19.9 49.1 552 GR.3 B3 20.0 220
Tith 40.5 34 356 14.9 03 498 5355 8.6 B3 20.3 223

*Value differs significantly (P < 0.05) from the corresponding value for the digital bone and hoof parameters of donkeys.

See Table 2 for remainder of key.

Figure 1. Lateromedial radiographic
view of a forefoot of donkey showed
the digital bone parameter recorded
by the DICOM. (A): LP1: length of
the first phalanx (P1); LP2: length of
the second phalanx (P2); LP3: Length
of third phalanx (P3); NW: Navicular
bone width; FD: Founder Distance.
(B): P3G: Tip of P3 to the ground;
P3T: Tip of P3 to toe; JH3: P2-P3 joint
height; FL: Foot width; HP3: Hoof-P3
distance; DWL: Dorsal wall length.
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study we used the LM radiograph in conjunction with
the DP radiograph for accurate evaluation of the digi-
tal bone and hoof parameters in donkeys.

Prior to computerized measurements of radio-
graphs, such measurements were formed by direct
drawing on the film or on models placed on the initial
radiographs. These methods did not provide important
variation between operators. It is tremendously time
consuming, and the drawing of the radiographs is an-
other cause of inaccuracy (Rocha et al., 2004; Read
et al., 2012). In the present study, we use the DICOM
programme to morphometrically incorporate informa-
tion from several radiographic measurements. Conse-
quently, there is a need to find an alternative means
of evaluating the combined information derived from
several radiographic measurements.

In equine practice, multiple studies have been
conducted to assess the reliability and reproducibili-
ty of digital bone and hoof parameters measurement
obtained by single or multiple instruments (Kummer
et al., 2004; Collins et al., 2012). Although, the CV is
commonly used to determine the precision of a mea-
surement instrument, to our knowledge this is the first
occasion the CV was used to assess digital bone and
hoof parameters in donkeys. The mean intra-assay
and interassay CVs and the associated 95% ClIs (Ta-
bles 5-8) were within acceptable limits and without
clinical significance, which reveals the quality of the
applied radiographic technique. In particular, results
of this study indicate that these techniques can be used
to successfully develop a robust means for evaluating
the prevalent radiographic parameters of the forefeet,
thus enabling early diagnosis of lameness in donkey
foot on the basis of morphometric analysis of the LM
and DP radiographic projections of the digital bone
and hoof parameters. This represents a logical pro-
gression from previous methods of objective radio-
graphic assessment and offers a means for the quanti-
tative appraisal of donkey feet, thereby providing an
important adjunct to traditional methods of subjective
clinical assessments. These diagnostic capabilities are
essential to ensure clinical intervention in response to
anatomic change. These findings were in agreement
with White et al., 2008; Collins et al., 2012 and Cald-
well et al., 2016.

The present study challenges the feasibility of us-
ing the horse model to the normal radiographic anato-

Figure 2. Lateromedial radiographic view of a forefoot of donkey
showed the hoof angle parameter recorded by the DICOM. P3A:
P3 angle; NA: Navicular Angle; HA: Hoof Angle; P3BA: P3
bottom angle.

my of donkey forefeet. It provides new data regarding
the digital bone and hoof parameters in sound don-
keys. Thus, the diagnosis of anatomical change cannot
be based on standard data previously assumed for the
horse and should be evaluated correspondingly for the
donkey. The mean = SD of the digital bone and hoof
parameters in sound donkeys was different to that of
horses, according to Rocha et al., 2004 and Masoudi-
fard et al., 2014. This could be attributed to different
occupation, anatomical variation in body size, height
and weight, shoeing policies and genetics of horses
and donkeys that can have an influence on hoof con-
firmation. In addition, the natural habitat in which the
domestic donkey’s ancestor’s evolved (mountainous,
arid areas with narrow paths) is well suited to the nar-
row, upright hoof anatomy. Thus, given that the dig-
ital bone and hoof parameters varies among equidae,
it is important to establish a guideline interval for the
digital bone and hoof parameters in each individual
species.

The obtained radiographic measurements for the
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Table 5. Intra-assay CVs of the digital bone and hoof parameters on the LM view in the cohort of donkeys in Table 1 for each of the
repeated radiographs.

W ariabla Dipsuion [higrtal bows paramscdors {mm} Mool capsale parsmstons {mm) Mol snghes parsmatons (0
oo
LM LF2 LF3 FT¥ W PG FT FL. JH3 HF3 DWWl s NA HA PIBA
Mean = 5O ol 23z0.7 18z1% L7211 [T EEN] 1% +00 FEET Y] 10z08 FEEY ] ENEY F 2414 242135 Lix£16 1E£07 Foz5l EREET

o2 Miwfd 18xd0  1Fwld  10Zedd 15003 J0ai8  ldwld  18al6  2eld JO0elS 29007 18803 23ald &Teid  S4al0
] 19207 132013 L4x2) LLEYE 1781 24230 20207 26409  2T+1N 2417 Fls38 13010 LT:09 9d=E68  ESzdd
a5 Ol ol W6-35  2WES  LII4S AT 1910 AR  AL004] -0WSE 0258 LIS GRS 2952 0836 GATZIE S2AILS

o2 LLEE & -Mel -Liad -REEL Li-3p  SOES 04D -184e 0F-43 -L0fED -LZED 265 00-3E A0 I04 230

o BE-40 2D L& 42 <28 10 1419 AT 83 L8737 W 52 03.52 1548 =13/ 38 20 a1 D&-42 ASMS  GSWILT
Median ¥ L nT (B} Iy ® e L& 1® 30 [B-] 1% oI n 1o 7
a2 0 0l [E] (b1 (B L} K [ ] 20 22 [ A3 LT X1 na
o 14 L2 L2 (kL) FA | LE Ll 13 L1 K.} 1.3 [ 5} ra 110 (kL]
Hanpe o 19-%0 a7 -4.0 Li-tg An-130 19-30 0%-30 L6-%0 LEEE Io-43 I3-40 1LI-40 03-30 Le-24 Ll-12e  Ee-037
o2 20-3% 10«48 1335 An=11E 17«24 Ld=55 1531 1230 20-435 20-48 Lo=46 UAEE R 13:2% 310:01% 390124

ol BA-33  07-36 L4-3f A2-034 LI-30  04-4F  LE-3S DE-4T 34-83 0 12-0T 30-3F 02-37 LT-34 0 3-024 BS-10E

Lol K] ®T [N Ay ¥ E 1% (E] Fai] [ K] 1.2 [ 54 i 1 LE ]

Peroemik Lerd e (L] (L] aw LT LK L3 | I A o (] LA ] L5 I L]

15k Lo L] L& ®T [E] a2 21 L1 14 (F ] 6 [ F o [ 54 LT 3 LE ]

Lell g am in (k1) Fa ) 30 LY} 4@ 43 4 an L x4 1Z0 {F &)

Prceutie 02 13 ax 1. 14 24 39 11 30 4s ax s ¥ 1 18 124

THE Le L] 12 is 19 125 im 4.8 Lk aT 33 a7 is 7 34 116 Is
Values are percentages. See Table 1 for remainder of key.

Table 6. Intra-assay CVs of the digital bone and hoof parameters on the DP view in the cohort of donkeys in Table 2 for each of the repeated
radiographs.

Variable [ Digital bome paramesers (mm) Hoof capsale parameters (mm)
) Wi ™2 W3 BW1 BW2 LWL MWL W LWA MWA JH3

Mean + 5D o1 10£09 L1209 124207 121203 278167 S1+£435 7742 232046 37202 30212 1301217
oz 08£11 30217 11Bx09 120208 275+156 38£301 7338 A=z} A9:1F  A45:)T 4623)
03 14£20 20212 13012 12910 280170 4T7£30 SBlxd6 22209 32208 285206 1301219

G5 C1 ol =1.2/32 =00 4.2 106 - 14.1 114-128 -13.7/693 62164 27180 09-38 33-42 0.2-59 6.4-19.7
02 BECEL IR | 112-137  113-130 -130/708  -62/158 -33/17%  14-53 11-47 1L0-64  65-203
03 =177 3.4 =06 4.8 104 - 14.7 120-13.6 -124/682 600161 -247186 20-47 26-51 0.7-48 57-194

Medinn L] 0.3 20 1.9 1.9 130 30 80 20 ER 30 14.6
o2 09 246 12.2 14 M6 5l JUE 27 4.0 4.7 124
03 LUE] 21 131 126 30 . o4 19 ER] is 139

Range ol 04 -20 13-30 119-132 118-124 140-464 20-103 30-110 20-30 36-39 20-43 10.0 - 14.6

oz 0.3-1.7 12-33%  121-108  113-030  138-443  18-104  33-00E 27-41 3.4 28-33  104-130

o3 05-26 24-37  116-124  118-125  137-425 26-109 30-106 19-36 34-37  201-47  112-147
ol 0.4 13 e e 140 20 10 20 16 20 100
Perccntile o2 03 12 121 13 158 15 15 23 32 23 104
25k o3 05 24 1.6 1.8 137 24 10 19 14 21 112
ol 20 EL 13.2 124 A4 [LLE] 1.0 io i9 43 4.6
Percentile o2 17 15 1.8 130 443 114 118 41 41 53 13.1
Tith 03 26 iy 124 123 425 0.9 lo.s 6 aT a7 14.7

Values are percentages. See Table 2 for remainder of key.
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Figure 3. Dorsopalmar
radiographic view of a forefoot of
donkey showed the digital bone
and hoof parameter recorded by the
DICOM. (A): JW1: fetlock joint
width; JW2: pastern Joint width;
JW3: coffin joint width; BW1: P1
bone width; BW2: P2 bone width.
(B): LWL: Lateral wall length;
LWA: Angle between the lateral
wall and the ground; MWL: Medial
wall length, from the hairline to
the medial distal hoof rim; MWA:
Medial wall angle, FW: Foot width;
JH3: coffin Joint Height.

Table 7. Interassay CVs of the digital bone and hoof parameters on the LM view in the cohort of donkeys in Table 1 for each of the repeated
radiographs.

Vuuble  Opnator [prtal b puaneten e Houf caprube paramciers (zm Hixl anghe pamriens {00
()
LM LF2 P2 FIr HW PIG BT FL TE HFY DT Fis L HA FIBA
Mean & I ol 18200 07400 10400 0460 19400 OBa00 (5481 02400 04400 14207 Gi&e00 02400 06603 00451 [TIIE
LER: Zla03 13&0d 1Ly&03 P2k 7I 224 0T 1.1 &08 24406 D704 1D 23810 O02edb 05403 Ll &0g L2 T BSa72
ol LGz0% 28:1]1 08206 ES:a2 162835 0603 IT+RE 02216 0T+1} 13=203  J4207 01207 04:07? 94258 LEEY Y
9%l ol LT-1% 0&-08 09-12 B2 I00 19-20 @&T-08 LI-1L8 @Z-03 04-03 0-28  00-02 Q1-02 A 14  ANILE AW
ol 0=15 @3I-19 14-28 TABI 2286 16=22 [0-26 0413 08«10 16=30 @I-0% 0&-LI a0 20 1A/ TLE &0 T
LEE 13=11 BT =0 05-13 £ 152175 1E-30 O3-014 19=13 02-07 LERIE ] 05=17 BE= L4 03-03 SN AT AT
Sledian ol 19 [ %4 Ll (F1] 1# (1] X} 02 i K ol 02 (1] [+ [+ 5]
o1 4 1] 0 120 14 14 [K3 0% [ %4 14 [ % o8 (1] 1.4 [+ ¥
03 16 o 18 128 1 a7 ! 0% 18 1 (%4 o [T} 124 1.5
Rargse ol LE-1%  08-07 LO-00  @80-1r0 19-320  @E-0% 13-17  @X-0d  04-05  L1-03 00-02 01-02 od-10 El-128 08- 126
ol I0-34 @3-12  L1-0F  10-01%  1&-13  14-07  1S-30 04-04 GT-0%f 1B-26 @F-13 04-04 0O5-0F J4-118 10—kl
o3 18-21 @I-0% ON-14 O7-034  I3-3T 06-12 12-1F OM-09 Qd-10  10-14 @f-0F 0S-12 67-11 W0-123 08— 127
al 18 (1] 1o g (K] L] i3 0z o 11 ol ol L] 3 UL
Peicealile ol 1} 0% Ll Lo 1% 14 [K3 06 [ &) 18 oe 08 ol 34 L
ik ol 1% [ 08 or 3 (1 1.2 08 LT 10 1} 0% a7 an L}
ol 19 [ %4 11 129 1 (1] LT a3 (L 15 [ 02 Lo (] 126
Percmtile LER: 15 | I ns 1% 15 1.7 21 14 [ L] 16 L3 04 L] IL& [LEN]
Thih ol Xl oe L6 124 27 1.2 (£} 09 (£} 14 13 12 L1 [FE] 27

Values are percentages. See Table 1 for remainder of key.
*Value differs significantly (P < 0.05) from the corresponding value for the digital bone and hoof parameters of donkeys.
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Table 8. Interassay CVs of the digital bone and hoof parameters on the DP view in the cohort of donkeys in Table 2 for each of the
repeated radiographs.

Variable Operabor Drigital bone parsmseiers {mam) Hoof capsule paramseters (mm)
(L] Wl W2 TW3 BW1 BW2 LWL MWL FW LWaA MWaA JH3
Mean £ 5D ol lo£os 142013 300£659 48T £ 654 44TL06 0700 12:15F 10208 37+02 15x13  99:81
Oz 19ml.7 1.7 2.0 5001 w663 502 m 66.1 47.0m 1.2 Llmis 1223 DEml3 13mds 19m26 102 mBS
k] 13221 12216  498:654 499 5 65.6 465+08 09810 10216 1641% 41+11 1L3x12  9.6+94
5% CT ol L3 LR IIAT2IAE -2V IIZ0 453-480 06-08 251 L0030 33-42 0 -LTAT 10027300
i ] -l3g 2253 SJIAX2103 0 11282125 MT=475 05-10 2458 0937 31-45 20035 -l0L3L0
o3 LA -LASS 1A 2129 1N ZIZE 450480 09 - 14 20063 -L2E 32-50 0 1450 0030
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Percemtile Oz 13 1B 128.1 126.2 48.0 1.0 146 3.1 4.1 38 150
T5th 0% LN 29 127.4 1275 473 1.6 1.8 24 32 24 14.1

Values are percentages. See Table 2 for remainder of key.

Appendix. Descriptive details of the radiographic and morphometric abbreviations of the digital bone and hoof parameters in the fore-
foot of donkey’s cohort.

Parameter Symbaol Definition

LP1  length of the first phalanx

Length of Phalanx LP2  length of the second phalanx
LP3  length of the third phalanx

Founder Distance FD  Distance between two horizontal lines through the hairline and the top of extensor process of P3

Mavicular Width NW  The width of the navicular bone,

Tip of P3 to ground P3G Vertical distance from the tip of P3 to the horizontal line of the ground

Tip of P3 to toe P3T  Horizontal distance from the tip of P3 to the dorsal hoof wall

Foot Width FL  The length of the hard hoof support at ground

Joint Height JH3  P2-P3 (From the coffin joint’s center of rotation to the ground plane, minus the radius of the joint).

Hoof-P3 Distance HP3  Minimum distance between the dorsal mid-line of P3 and the exterior hoof wall

Dorsal Wall Length DWL  From the hair line to the contact point with ground of the dorsal hoof wall

P3 Angle P3A  From the dorsal midline of P3 to the ground plane

Mavicular Angle NA  The angle between the axis of the navicular bone and the ground

Hoof Angle HA  The angle between the dorsal hoof wall and the ground

P3 Bottom Angle P3iBA  The angle formed between the bottom (palmar surface) of P3 and the ground
W1 Fetlock joint width

Joint Width W2 Pastern Joint width The distance between the most medial and lateral aspects of each joint
TW3  Coffin Joint width

Bone Width BW1 Pl bone width The distance from the “axis” of the bone to the narrowest part of the bone
BW2 P2 bone width

Lateral Wall Length LWL  From the hairline to the lateral distal hoof rim.

Medial Wall Length MWL From the hairline to the medial distal hoof rim

Foot Width FW  Distance between medial and lateral hoof rim

Lateral Wall Angle LWA  Angle between the lateral wall and the ground

Medial wall Angle MWA  Angle between the medial wall and the ground

Coffin Joint Height JH3  Vertical distance between the ground and line connecting the medial and lateral aspect of the coffin joint
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digital bone and hoof capsule parameters of the clin-
ically normal forefeet of donkey in this study were in
close agreement with that of Collins et al. 2011. At the
same time, it indicates that the radiographic parame-
ters of normal donkey forefeet were different to those
accepted for the horse. These include marked differ-
ences in the alignment of the phalanges (BW1, BW2
and MWA) and the position of the P3 in relation to the
hoof wall (P3BA, P3T and MWA). This data supports
the empirical observations by Reilly (1997) and Col-
lins et al. (2011) that the P3 is positioned more distally
within the donkey hoof capsule than it is in the equine
hoof. Hence, the extensor process is not in alignment
with the coronary band, as is the case in the horse.

Measuring the FD is a critical diagnostic param-
eter in evaluation of equine laminitis. In the present
study, the P3T and HP3 introduced to measure the
sinking occurrence of FD more accurately. The mean
+ SD of FD in this study was 25.2 + 31.8mm which
is seen to be lower than the amount of the previous
reports in horse (Baxter, 1996; Cripps and Eustace,
1999; Rocha et al., 2004; Masoudifard et al., 2014).
This circumstance could be explained by the anatomi-
cal variation in hoof between horse and donkey.

Based on the results of this study, the length of P3 is
related to the angle of the hoof. Donkeys with long P3
tend to have flatter hooves. Also, donkeys with a large
HP3 tend to have smaller HA and P3A. These findings
could be interpreted by the increased tension on the
laminae of the dorsal hoof wall in hooves with acute
hoof angles, resulting in thickening of the soft-tissues
dorsal to P3 (Balch et al., 1995; Collins et al., 2011).

Results of this study indicate that the donkey foot
displays a unique radiographical parameters supports
the assertion that the donkey should be viewed prop-
erly as a distinct equid species. Also, suggest that ef-
fective evaluation of these parameters in lame feet is
essential to guide early veterinary and farriery inter-
vention, where the prospects of treatment success and
recovery are most favorable.

A limitation of the present study was its small
sample size. Therefore, percentiles were reported to
better describe the range of values for digital bone and
hoof parameters in orthopedic sound donkeys. Further
studies are necessary to include more animals with a
wider age, sex and usage spectrum.

CONCLUDING REMARKS

Based on the results of our study we conclude that,
morphometric evaluation of the radiographic param-
eters of the forefeet in clinically normal donkeys, es-
tablishes a reference data base correspondingly for the
donkey different to those accepted for the horse. Also,
the DICOM screen measuring of these parameters en-
ables early diagnosis of laminitis and hoof problems
during complete hoof examinations.
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