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ABSTRACT: The present study aimed to document the relationship between biometric foot measurements and dif-
ferent radiographic lesions in 30 donkeys’ feet with long toe, under-run heel. The common radiographic foot lesions
were pedal osteitis complex in 26 (86.6%) and navicular bone reaction in 8 (26.7%). Osteophyte reaction was identified
at the proximal phalanx in 8 (26.7%) and the middle phalanx in 10 (33.3%). Pastern and coffin joints osteoarthritis
were found in 4 (13.3%) and 9 (30%) respectively. Palmar soft tissue calcification and fracture of the eminence of 2™
phalanx were reported in 5 (16.6%) and 1 (3.3%) respectively. Positive correlation was recorded between dorsal hoof
wall angle (DHWA) and the axis of the distal phalanx, 3® phalanx, proximal palmar cortex angles, the heel angle, and
3" phalanx solar border angle. Strong positive correlation was recorded between dorsal hoof wall length (DHWL) and
dorsal coronary band height, medial wall length, lateral wall length, lateral coronary band distance, medial coronary
band distance, lateral distal phalanx to bottom distance, and medial distal phalanx to bottom distance. The dorsal hoof
wall and heel angles reflected increased stress on the hoof capsule, distal interphalangeal joint, navicular bone, and
palmar soft tissue structures. The low heel, the decreased distal phalanx solar border angle and under development of
the palmar section of the hoof lead to slippage of the third phalanx dorsally, increased tension on the deep digital flexor
tendon, navicular bone, and pedal osteitis complex in long toe, under-run heels. This study demonstrated a relationship
between biometric foot measurements and the presence of radiographic foot lesions detected in long toe, under-run
heel in donkeys.
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INTRODUCTION

he conformation of the equine hoof is considered

an important factor affecting the performance of
the horse (Linford et al., 1993). The hoof is a complex
modification of the integument surrounding, support-
ing, and protecting structures within the distal limb of
the horse (Dyson et al., 2011a). Long toe, under-run
heel in donkeys is a hoof conformation characterized
by an increase in toe and heel length, and the dor-
sal hoof wall appears concave or convex. The hoof
capsule appears oblong, the heels move forward, the
apex of the frog extends, and the hoof pastern axis
appears broken back (Mostafa et al., 2018). The heel
horn tubules have been bent and their angle relative
to the ground is decreased in long toe, under-run heel
(O’Grady, 2020). Additionally, the distorted hoof cap-
sule alters forces applied to the hoof, changes the in-
ternal structures of the foot and alters biomechanical
function that considered predisposing factors to foot
lameness (Holroyd et al., 2013). Radiographic studies
of the foot have been used to measure the conforma-
tion, shape, angles of the digit (White et al., 2008),
and evaluation of hoof injury, and balance (Denoix,
1999). Long toe, under-run heel conformation in front
feet has been associated with increase in the extension
of the deep digital flexor tendon and distal interpha-
langeal joint, navicular injuries and suspensory appa-
ratus break down (Kane et al., 1998; Denoix, 1999;
Eliashar et al., 2004; Holroyd et al., 2013).

Long toe, under-run heel has been linked to
lameness and poor hoof conformation in the horse
(O’Grady, 2020). The relationships between the ra-
diographic measurements of foot conformations of
equine lameness, in particular, navicular, tendon,
and ligament injuries have been studied (Holroyd et
al., 2013; De Zani et al., 2016). Limited studies have
been published describing the biometric radiographic
conformation parameters and foot lesions in long toe,
under-run heel in donkeys. Therefore, the objective of
the present study was to determine the relationships
between biometric foot measurements and different
radiographic lesions in a group of donkeys’ feet with
long toe, under-run heel.

MATERIALS AND METHODS

This study was approved by the institutional ani-
mal care and use committee at Cairo University (CU-
11I/F/32/20). The study was carried out on 30 front
hooves obtained from 15 male donkey cadavers af-
fected with long toe, under-run heels. The mean ages
were 9.62 + 3.69 years and the mean body weight

was 280.2 = 11.2 kg. Evaluation of the hoof capsule
was carried out from the dorsal, lateral, and palmar
aspects, as well as from the solar surface (Mostafa et
al., 2018). Standardized radiographs were taken for
Lateromedial (LM) and dorsopalmar (DP) projections
(Dyson et al., 2011b). The horizontal X-ray beam
was centered 2 cm below the coronary band, at the
midpoint between the bulbs of the heel and the prox-
imodorsal aspect of the hoof wall, and for DP x-ray
beam was centered on the median of the dorsal hoof
wall. Radiography was performed using mobile X-ray
machine (Fischer). The radiographic setting factors
ranged from 50-55 kV, 10 mAs and 90 cm focal spot
film distance (FFD).

Lateral and palmar photographic images of the
foot were taken using digital camera (KODAK, 8.2
megapixels. China) (White et al., 2008). The digital
camera was placed at a standardized distance 50cm
from the limbs. The dorsal and palmar aspects of the
hoof wall were marked by 2 metal wires. Addition-
ally, a small metal ball was placed just dorsal to the
apex of the frog. Both photographic and radiographic
images were analyzed using computerized software
program (AutoCAD 2019 program). Radiographs
for the changes in the foot structures were evaluated
(Butler et al., 2017). The radiographic measurements
were obtained from lateromedial (LM) (Figure 1) and
dorsopalmar (DP) (Figure 2).

Angles

The dorsal hoof wall angle (DHWA), heel angle
(HA), 3rd phalanx angle (P3A), 3" phalanx solar bor-
der angle (P3BA), the axis of the distal phalanx angle
(LP3A), proximal palmar cortex angle (PPCA) were
measured from lateromedial view. The lateral wall an-
gle (LWA) and medial wall angle (MWA) were mea-
sured from dorsopalmar view.

Distances

The dorsal hoof wall length (DHWL), dorsal coro-
nary band height (DCBH), and palmar coronary band
height (PCBH) were measured from lateromedial
view. Medial wall length (MWL), lateral wall length
(LWL), lateral coronet to bottom distance (LCBD),
medial coronet to bottom distance (MCBD), later-
al distal phalanx to bottom distance (P3BL), Medi-
al distal phalanx to bottom distance (P3BM), Distal
phalanx to lateral hoof wall distance (P3HL), Distal
phalanx to medial hoof wall distance (P3HM) were
measured from the dorsopalmar views.
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Fig 1: Latero-medial (LM) radiographic measurements of long
toe, under-run heel in donkeys: DHWA(Dorsal hoof wall angle),
HA(Heel angle), P3A(Distal phalanx angle ), P3BA(Distal pha-
lanx solar border angle ), LP3A(Axis of distal Phalanx angle ),
PPCA(Proximal palmar cortex angle); DHWL(Dorsal hoof wall
length); DCBH(Dorsal coronary band height); PCBH (Palmar
coronary band height).

Fig 2: Dorsopalmar (DP) radiographic measurements of long toe,
under-run heel in donkeys: MWA (Medial wall angle):; LWA(Lat-
eral wall angle); MWL(Medial wall length); LWL (Lateral wall
length); MCBD(Medial coronet to bottom distance); LCBD(Lat-
eral coronet to bottom distance); P3BM(Medial distal phalanx
to bottom distance); P3BL(Lateral distal phalanx to bottom
distance); P3HM(Distal phalanx to medial hoof wall distance);
P3HL (Distal phalanx to lateral hoof wall distance)
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Fig 3: Correlation between P3BA and HI; There is a significant strong negative correlation between P3BA and HI

Ratio

The heel height index (HI) was calculated (Figure
3) as the ratio between dorsal coronary band height
(DCBH) and palmar coronary band height (PCBH)
(Eliashar et al., 2004). The relationships between

the 3™ phalanx solar border angle (P3BA) and Heel
height (HI) were calculated to determine the effects of
long toe, under-run heel conformation on foot struc-
ture lesions in donkeys (Table 1).
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Statistical analysis

Data were assessed with a one-sample Kolmog-
orov—Smirnov test to confirm that there were with-
in normal distribution. Descriptive statistics (mean
+ SE, minimum, and maximum) were calculated for
all biometric measurements. Correlation between the
dorsal hoof wall angle, the dorsal hoof wall length,
and all other biometric measurements were analyzed
by Pearson Correlations using SPSS 19 (IBM). Sig-
nificance was set at P < 0.05.

RESULTS

In the current study, the radiographic findings as-
sociated with long toe under run heel conformation
were pedal osteitis complex in 26 feet (86.6%), the
navicular bone reaction in 8 feet (26.7%), osteophyte

reaction at 1% phalanx in 8 feet (26.7%) and 2™ pha-
lanx in 10 feet (33.3%), pastern OA in 4 feet (13.3%),
coffin OA in 9 feet (30%), palmar soft tissue calcifi-
cation in 5 feet (16.6%), and fracture of 2™ phalanx in
1 foot (3.3%).

The distal phalanx pedal osteitis complex included
osteophyte reaction (Figure 4 a & c) at the articular
border of P2 and P3 (Coffin joint osteoarthritis). En-
thesophyte reactions at the dorsal and palmar process
of P3, severe osteolytic changes at the solar margin
of P3 (Figure 4 b), and ill-defined osseous cyst-like
lesions within the solar margin of P3 were determined
(Figure 4d).

The navicular bone showed enthesophyte forma-
tion at the proximal and palmar borders with marked

Table 1. Mean + SE, minimum, maximum, and correlations to assess the relationship between the dorsal hoof wall angle, dorsal hoof
wall length and the biometric radiographic lesions in long toe, under-run heel in donkeys

Correlation coefficient
Measurement parameters Mean + SE Min Max DHWA DHWL
(r) P-value r P-value
Dorsal hoof wall angle “DHWA” 4873 °+1.567° 20° 57°  1.000 -0.564  0.001
Heel angle “HA” 45.03°+1.399° 31° 62° 0.557** 0.001 -0.546" 0.002
3" phalanx angle “P3A” 527°+1.126° 39° 64° 0.657** <0.0001 -0.627" <0.0001
3 phalanx solar border angle “P3BA” 217 °+£1.335° -17° 16° 0.596** 0.001 -0.51"  0.004
Axis of distal phalanx angle “LP3A” 212°+1.178°  6° 32° 0.729** <0.0001 -0.583" 0.001
Proximal palmar cortex angle “PPCA” 35.63°+£1.302° 21° 46° 0.815** <0.0001 -0.488" 0.006
Dorsal hoof wall length “DHWL” (mm) 69.71 £1.689 52,9 95.13 -0.564** 0.001 — ——
1 13 2
2:1’2;‘1 coronary band height “DCBH 5795+ 1.194 466 73.04 -0318 0.086 +0.889" <0.0001
ﬂ:‘llmm)ar coronary band height “PCBH 31.87+1.154 1921 4772 0197 0297 +0231 0219
Heel height index “HI” (DCBH: PCBH) 1.87+0.068 1.34 288 -0.357 0.053 +0.318 0.087
Medial wall angle “MWA” 86.63°+1.098° 65° 95° -0.172 0364 -0.137 047
Lateral wall angle “LWA” 87.97°+0981° 78° 102° 0.130 0.495 -0.046 0.808
Medial wall length “MWL” (mm) 53.67+1.608 39.67 74.64 -0.398* 0.029 +0.752"" <0.0001
Lateral wall length “LWL” (mm) 52.97+1.403 38.24 71.61 -0.402* 0.028 +0.79" <0.0001
Lateral coronet to bottom Distance * -
“LCBD” (mm) 52.53+1.363 38.24 71.54 -0.411 0.024 +0.796" <0.0001
Medial coronet to bottom Distance * -
- <

“MCBD” (mm) 53.05+1.471 39.66 71.54 -0.408* 0.025 +0.788™ <0.0001
Lateral distal phalanx to bottom distance 5/, | 544 1566 43.50 -0.545** 0.002 +0.84" <0.0001
“p3BL” (mm)
Medial distal phalanx to bottom distance ,; 5, . | 547 566 4173 -0.577%% 0001 +0.826" <0.0001

P3BM” (mm)
Distal phalanx to lateral hoof wall distance ) ¢ (407 525 1658 0112 055 +0.253 0177
“P3HL” (mm)
Distal phalanx to medial hoof wall
distance “P3HM” (mm) 11.89+0396 8.07 1531 0.166 0381 +0.27  0.149

SE: standard error
DHWA:dorsal hoof wall angle
DHWL.:dorsal hoof wall length
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Fig 4: Latero-medial radiographic views of feet with long toe, under-run heels. Fig 4 a: showed enthesiophyte reaction at dorso distal
border of the2nd phalanx with coffin osteoarthritis (black arrows). Enthesiophyte reaction at proximal and palmar borders of the navic-
ular bone (red arrows) with remarkable bone resorption (white arrow). Fig 4b: revealed fracture at proximal eminence of the 2™ phalanx
(black arrow), enthesiophyte reaction at dorsal and palmar process of 3™ phalanx ( red arrows) with osteolytic changes at solar margin
(circle) , enthesiophyte reaction at proximal surface of navicular bone ( white arrow) with marked radiolucent bone resorption within
the navicular bone (blue arrow). Fig 4c: showed new bone formation at the tip of the 3™ phalanx (black arrows) with osteophyte reac-
tion at distal aspect of the 2" phalanx (coffin O.A) Red arrows. Fig 4d: revealed ill- defined osseous cysts at the tip and solar margin
of the 3rd phalanx (red arrows) and osteophyte reaction at palmar process of 3rd phalanx (black arrows)

resorption in the spongiosa of the bone (Figure 4 a, b).
Enthesophytes formation at the dorso-distal border of
the distal P1 and proximal P2 were seen associated
with fracture of the proximal eminence of P2 (Figure
4b& 5). Palmar soft tissue calcifications at the lateral
and medial aspect of P2 and osseous cyst at the distal
surface of P1 were also detected (Figure 5).

The dorsal hoof wall angle (48.7 = 1.56°), heel an-
gle (45.0 = 1.39°), 3" phalanx angle (52.7 + 1.126°),
3" phalanx solar border angle (2.17 + 1.33°), the axis
of the distal phalanx angle (21.2 £ 1.17°), the medial
wall angle (86.6 = 1.09°), and the lateral wall angle
(87.9 £ 0.98°) are presented in table 1.

The mean values for the dorsopalmar measure-

ment parameters were higher for the medial wall
angle (MWA), medial coronet to bottom distance
(MCBD), medial distal phalanx to bottom distance
(P3BM), however, the distal phalanx to lateral hoof
wall distance (P3HL) was higher than the medial one
(P3HM). The mean value of dorsal coronary band
height (DCBH) was greater (57.95 + 1.194) than the
PCBH (31.87 + 1.154) in lateromedial measurements
(Table 1).

The correlation coefficients between the dorsal
hoof wall angle (DHWA) and dorsal hoof wall length
(DHWL) in long toe, under-run heels are presented
in table 1. A strong positive correlation was record-
ed between DHWA and axis of the 3" phalanx angle

JHELLENIC VET MED SOC 2022, 73 (3)
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Fig 5: Dorsopalmar view showed Soft tissue calcifications were
noticeable at lateral and medial aspects of the 2" phalanx which
may be mineralization of the collateral sesamoidean ligaments
(blue arrows).Osteophyte reaction at the articular border of the
distal 2™ phalanx and proximal 3™ phalanx (coffin O.A) Red ar-
rows and radiolucent bone cyst at distal end of the 1% phalanx
(circle)

(r=0.729, P <0.0001), 3 phalanx angle (r= 0.657, P
<0.000), and proximal palmar cortex angle (r= 0.815,
P<0.0001). While the DHWA had a positive, modest
correlation with the heel angle (r= 0.557, P<0.0001),
the 3™ phalanx solar border angle (= 0.596, P =
0.001), and negative correlation with the heel index
(HI) (r=-0.357, P=0.053) (Table 1).

Table 1 showed the correlation coefficients between
the increased dorsal hoof wall length (DHWL) and
the measured radiographic parameters. The DHWL
had a negative, modest correlation with DHWA, HA,
P3A (r= - 0.627, p <0.0001), P3BA, the axis of the
distal phalanx (LP3A), and PPCA. A strong positive
correlation was recorded between DHWL and dorsal
coronary band height (r=+ 0.752, P <0.0001), MWL,
LWL, LCBD, MCBD, lateral distal phalanx to bottom
distance, P3BM. The palmar cortex length had a pos-
itive, modest correlation with DHWL.

Weak, negative correlation was found between HI
and DHWA (r=-0.357, P=0.05). Strong negative cor-
relation was found between the HI and the 3™ phalanx
solar border angle (r=-0.713, P <0.0001).

DISCUSSION

In the present study, the dorsal hoof wall angle
(48.73°+ 1.567°) and heel angle (45.03 ° + 1.399°)
values were smaller compared to previous studies.
Previous guidance for donkey’s healthy hooves was
58.25, and 54.71 ° (Mostafa et al., 2020). It has been
reported that the decrease in the DHWA and heel an-
gles increases the stress on the hoof capsule, navicular
bone and increases the extension of the distal inter-
phalangeal joint (Hinterhofer et al., 2000; Moleman
et al., 2006). Likewise, long DHWL in a Warm-blood
horse is associated with smaller DHWA before trim-
ming (Kummer et al., 2006). The same was observed
in this study; there was a negative, modest correlation
between DHWL and DHWA (» = -0.564; P-value =
0.001). Furthermore, changes in the shape of the hoof
alter the maximal flexion and extension of the distal
interphalangeal joint and affect the biomechanics of
the whole foot (Chateau et al., 2006). Therefore, the
observed bone reactions at the dorsal surface, palmar
processes, and the solar margin of P3 were detected
radiographically. The remodeling of the dorsal wall
of P3 was attributed to pedal osteitis complex associ-
ated with long toe, low heel condition due to irregular
roughening of the P3 surface (Dyson et al., 2011; But-
ler et al., 2017).

Previous studies have shown that the distal in-
terphalangeal joint during movement is subjected to
different stresses on the articular surfaces and the ten-
do-ligamentous structures (Denoix, 1999; Clayton et
al., 2007). In addition, an unbalanced foot increases
the compressive forces on the DDFT, collateral lig-
aments, distal sesamoidean impair ligaments, and
navicular bone (Wilson and Weller, 2011). Increased
DHWL, decreased DHWA and low heel angle in-
crease stresses in the palmar foot, shift weight bearing
on the palmar section of the foot, and increase strain
on the DDFT and navicular apparatus (O’Grady,
2020). Therefore, radiographic foot lesion structures
in the present study have collaborated with the pre-
vious findings (Denoix, 1999; Eliashar et al., 2004;
Wilson and Weller, 2011; O’Grady, 2020).

In the present study, the decrease in the DHWA
was associated with decrease in the P3A, LP3A, and
PPCA. However, a previous study revealed increase
in these parameters in donkeys with laminitis that was
attributed to the change in anatomical position of the
distal phalanx (Collins et al., 2011). In the present
study, the decrease in these parameters was mainly
attributed to the dorsal slippage and reverse rotation
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of the distal phalanx. Similarly, O’Grady (2013) sug-
gested the dorsal movement of the distal phalanx in
long toe, under-run heels in horses. Moreover, a nega-
tive value of the 3 phalanx solar border angle (P3BA)
indicates the decrease in the palmar soft tissue struc-
tures of the foot (O’Grady, 2020). Besides, the com-
promised structures of the palmar section of the foot
allow the palmar margins of the distal phalanx to de-
scend distally. Consequently, in the present study, the
orientation of the distal phalanx was slightly slipping
dorsally in long toe, under-run heels and collaborated
with O’Grady’s results (2013) in the horse.

In the present study, P3BA was positively correlat-
ed with DHWA. It has been reported that the palmar
solar border is lower in the under-run heel (O’Grady,
2020). Hyperextension of DIP joint, navicular bone
shifting proximally toward the palmar surface of P2
and the dorsal slippage of distal phalanx due to the
negative palmar angle syndrome were documented
(Floyd, 2010). The same findings in the present study
coincided with previously reported results (Floyd,
2010; O’Grady, 2020).

The correlation between the small solar angle, low
heels and DDFT and navicular bone injuries have
been described (Holroyd et al., 2013). Recently the
relationship between radiographic measurements of
the foot and the presence of lesions detected on MRI
has been documented (De Zani et al., 2016). Conse-
quently, in the present study, the relationship between
the biometric measurements of the DHWA and the
presence of foot lesions documented the alterations
of distal phalanx pedal osteitis complex, navicular in-
juries, dorsal slippage of the distal phalanx and neg-
ative palmar angle syndrome, and palmar soft tissue
calcification.

In the current study, DHWL had a negative correla-
tion with P3BA, heel angle, P3A, LP3A, and PPCA.
The decrease in P3BA increases the force of DDFT on
the navicular bone (Eliashar et al., 2004). The P3BA
is dependent on the conformation of the palmar sec-
tion of foot (O’Grady, 2020). The P3BA and DHWA
have been decreased with lameness in horse (Dyson
et al., 2011b). Similarly, the same findings were ob-
served in the current study on donkeys with long-toe
under-run heels.

Toe length influences the moment of force applied
on the DIPJ and increases the loading of the navicular
bone (Wilson and Weller, 2011). Relationships were
found in the current study between long dorsal hoof

wall length and injuries of the deep digital flexor ten-
don, enthesophyte formation at insertion sites of the
collateral sesamoidean ligament, distal sesamoidean
ligaments, navicular spongiosa and navicular bone
proximal border (Dyson et al., 2011; Dyson et al.,
2011b).

In the present study, a negative strong correlation
was found between the heel index and the 3™ phalanx
solar border angle. Thus, this study supports previ-
ous research that HI was related to DDFT and na-
vicular bone injuries (Eliashar et al., 2004; Holroyd
et al., 2013). Increased DHWL in the present study
was positively correlated with MWL, LWL, LCBD,
MCBD, P3BL, and P3BM. O’Grady (2013) report-
ed an increase in these parameters is associated with
increase in the stresses or weight-bearing placed on
a section of the hoof capsule, changes the position of
the coronary band and hoof growth rate as well as de-
viate the hoof wall.

Increased DHWL increases the stress on the pal-
mar foot contributing to palmar foot pain and accel-
erates the degenerative changes within the coffin joint
(Redding, 2007; O’Grady, 2013). Therefore, pastern
and coffin osteoarthritis in the present study could be
attributed to poor hoof conformation, imbalance of
foot, and overstress in long toe, under-run heels.

Osseous cyst-like lesions were observed at the in-
sertion of the collateral ligaments of the distal inter-
phalangeal joint, insertion of the distal sesamoidean
impar ligament, and weight-bearing surface of the dis-
tal phalanx (Mostafa et al., 2020). Similarly, osseous
cyst-like lesions were recorded in the current study.
Furthermore, trauma may lead to bone ischemia and
necrosis, revascularization, and resorption of necrotic
bone leaving a subchondral lesion (Verschooten and
Moor, 1982).

CONCLUSIONS

Radiographic and biometric foot lesions associ-
ated with long toe, under-run heel were presented.
Pedal osteitis complex, navicular bone reaction, os-
teoarthritis in the pastern, and coffin joints, irregular
proximal and palmar surfaces of the navicular bone
and navicular spongiosa, osseous cyst-like lesion
within the solar margin of P3 and palmar soft tissue
calcification were documented.

Correlations were found between various biomet-
ric measurements and radiographic foot lesion in long
toe, under-run heel in donkeys. The increased dorsal
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hoof wall length and the decreased dorsal hoof and
heel angles reflected increase in the stress on the hoof
capsule, distal interphalangeal joint, navicular bone,
and palmar soft tissue structures. The low heel, the
decrease in the 3™ phalanx solar border angle and
under development of the palmar section of the hoof
lead to slippage of the third phalanx dorsally, increase
tension on the DDFT and navicular bone, and pedal

osteitis complex in long toe, under-run heels.

The increase in DHWL is commonly associated
with increase in the stress on the palmar foot section
contributing to unbalanced foot and alterations on
palmar foot and DIPJ structures. This study proved
a relationship between radiographic measurements of
the foot and the presence of radiographic lesions in
long toe, under-run heel in donkeys.
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