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Abstract:

BACK GROUND: TheAkhal-Tekeisan ancient horseoriginat-
ingfromAsiawhereit wasused by nomadictribesand used asa
warhorse. Lamenessexaminationsrequire proper interpretation
of clinical and radiographic findings. Therefore, understanding
of normal radiographic findings of the foot is necessary.
Although the radiographic appearance of the normal foot must
be understood to recognize abnormalities ,there are no studies
examiningthenormal hoof and digital soft tissuesinAkhal-Teke
horses. OBJECTIVES: Thepurposeof thestudy reported herewas
to determine a normal radiographic appearance and morpho-
metry of the distal phalanx and its related soft tissue in mature
Akhal-Teke racehorses without any clinical signs of lameness
and foot problems. METHODS: Radiography of the distal
phalanx and associated soft-tissue structures of the front feet of
10healthy pureAkhal-Tekehorseswereperformedto determine
normal radiographicappearanceand morphometry. L ateromedial
radiographic views of each front distal phalanx were used to
measure important distances, anglesand ratios of the hoof wall.
All the measurements from lateromedial radiographs were
multiplied by the magnification correction factor to gain the
actual distances. RESULTS: Mean + SD thickness of the soft
tissues dorsal to the middle aspect of distal phalanx was 18.3 +
1.22mm. Therewasnot any significant differencebetweenleftand
right digitsfor any radiographic determination. CONCLUSIONS:
Thisstudy introduced S-Founder and CF-Founder asimportant
criteriain evaluating laminitisand sinking of P3.

Introduction

The Akhal-Teke is an ancient horse originating
from Asiawhere it was used by nomadic tribes and
used as a warhorse. The Akhal-Teke is among the
most el egant of theworld'shorses. Theconformation
of TheAkhal-Teke can befavorably comparedtothe
Persian Arab, another breed of ancient origin.

Lameness and prepurchase examination require
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proper interpretation of clinical and radiographic
findings. Therefore, understanding thenormal radio-
graphic findings of the foot is necessary. The most
important disease of horses' l[imbsislaminitiswhich
needsrapid diagnosisontheearly taken radiographs.
Radiography of the distal phalanx (DP) isnecessary,
so onemust know thenormal radi o-graphic findings.

Although the radiographic appearance of the
normal foot must be understood to recognize subtle
abnormalities (Rendano and Grant, 1978), no study
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has examined the normal hoof and digital soft tissues
inAkhal-Teke horses. However, these findingswere
previously studied in Thoroughbred, Hanoverian,
Pony, and Arab breeds horses. Bushe et al. (1988)
have mentioned the relation between the third
phalanx angle and coffin angle in sound horses.
Qualitative and morphometric radiographicfindings
inthedistal phalanx and digital soft tissue for sound
and footsore thoroughbreds were compared by
Linford (1987). The mean thickness of the soft tissue
dorsal to the distal phalanx was measured and
compared between the two groups. Linford et al.
(1993) have also qualified distal phalanx and digital
soft tissue findings of sound Thoroughbred
racehorses and matched the data with their racing
performance. Cripps and Eustace (1999) have
measuredthenormal radi ographicfindingsof thefeet
innormal horseswith relevanceto laminitis.

The purpose of the study reported here was to
determine a normal radiographic appearance and
morphometry of thedistal phalanx anditsrel ated soft
tissue in mature Akhal-Teke racehorses without any
clinical signsof lamenessand foot problems.

M aterialsand M ethods

Caseselection: Atotal of 10 healthy pureAkhal-
Teke horses were selected from one of the stablesin
theeast of Tehran. All thehorseshadtheir own history
and certificatesand they were approximately similar
in size and weight. They included 5 males and 5
femalesandwere 7.7+ 3.3 (meanz SD) yearsoldwith
the same diet and training management and also a
same farrier. There was no history of lameness and
limb abnormality for at least one year prior to the
study. Each horse was observed trotting in circlesto
theleftandright, andwalkingandtrottinginastraight
line.

Radiography: Radiographs were made using a
portable 10 mAmp; 80 kVolt X-ray generator with
variable timer. Care was taken to ensure straight
lateromedial projections without obliquity by
aligning the radiographic beam so that it passed
perpendicularly to the sagittal planethrough thefoot
while being centered in the middle of the hoof 3Cm
proximal to the bearing surface. The hoof also was
placed on a 7Cm thick wooden block so that the
distance of the center of the beam to ground surface
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was 10 Cm. To differentiate the bearing surfacefrom
theblock ametal bar wasplaced ontheblock surface.
The focus-film distance for each projection was
75Cm.

All horseshoes were removed and the frog sulci
andthesolesurfaceof thedigitswerecleaned prior to
radiography. A layer of Barium Sulfate contrast agent
with proper concentration was robbed on the dorsal
surface of hoof wall, sole surface, and frog sulci for
better visualization of these partson theradiographs.
A metal marker was used to determine the amount of
radiographicmagnificationaswell astodelineatethe
coronary band at the lateromedial radiographs
(Figurel).

All  the measurements from lateromedial
radiographswere multiplied using the magnification
correction factor (M CF) to gain the actual distances.
The MCF was determined by dividing the actual
metal marker length to thelength of theradiographic
image of the marker.

Morphometric analysisof theradiographs: In
each obtained radiograph, 7 distances, 7 angles, and
3ratios of the distal phalanx and the hoof wall were
measured. The morphometric assessments were
madeasfollows:

1. The hoof wall and its soft tissue thickness
included 3 regions:

a) Total soft tissue thickness dorsal to the distal
aspect of theDP(STTD) (Figure2A),

b) Total soft tissue thickness dorsal to the middle
aspect of theDP(STTM) (Figure2B),

¢) Total softtissuethicknessdorsal totheproximal
aspect of theDP(STTP) (Figure2 C).

They were the shortest distance between the
dorsal surface of the hoof wall and the dorsal cortex
of DP.

2. Palmarocortical length (PCL) of the DP: The
distancefromthetip of thesolar margintothemiddle
of the articulation between the phalanx and the
navicular bone (Figure 2).

3. The ratios of the wall thickness to the PCL:
These ratios assessed by proper thickness of STTD,
STTM, and STTPexpressed asapercentage.

4. Hoof wall axis (S-angle): The caudal angle
formed between alinealong the dorsal surface of the
hoof wall and aline aong the bearing surface of the
hoof (Figure 2).

5. Distal phalanx axis(T-angle): Thecaudal angle
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formed between aline aong the dorsal cortex of the
phalanx and a line along the bearing surface of the
hoof wall (Figure 2).

6. The difference between S and T-angles (H-
angle).

7. Middle phalanx axis (U-angle): The cauda
angleformed between alinethrough the central axis
of the middle phalanx and a line along the bearing
surface of the hoof wall (Figure2).

8. The difference between U and T-angle (R-
angle).

9. D-Founder: The perpendicular distance from
thehorizontal linethroughtheextensor processtothe
horizontal linethrough the coronary band (Figure 2).

10. S-Founder: The perpendicular distance from
the horizontal line through the highest point of the
sole surface which was robbed by contrast agent
(Barium Sulfate) in front of the frog to thetip of the
DP(Figure?2).

11. CF-Founder: Theperpendicul ar distancefrom
the horizontal line through the top point of the frog
coriumto the extensor process (Figure2).

12. P-angle: A caudal angleformed betweenaline
throughthe palmarocortical and alinethrough dorsal
surface of theDP (Figure 2).

13. Jangle: A caudal angleformed betweenaline
through the solar margin of the distal phalanx and a
linealong the bearing surface of the hoof.

Satistical evaluation: All theobtained datawere
analyzed by SPSS software (Ver. 11.5). Theaverage,
standard deviation, and minimumand maximumdata
weredetermined asstandard measurementsinAkhal -
Teke horses. The paired T-test was also used to
compare the measurements between males and
females, right and left front feet.

Results

The result of the measurements of the distances,
ratios, and anglesof morphometricvariablesof distal
phalanx and hoof in lateral radiographs of total, | eft
andright front feet, and maleand female Akhal-Teke
horsesare shownintables1and 2.

Inthisresearch, therewasno statistically signific-
ant difference (p>0.10) in measured parameters
betweentheleftandright forelimbradiographs. Data
comparisonof thedistal phalanx and hoof boxinmale
and femal e horses showed significant differencesin
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Table 1. Mean + Standard Deviation (SD) measurements of the
distancesand ratios of morphometric variablesof distal phalanx
and hoof inlateral radiographsof front feet of total, left and right
front feet, and male and female Akhal-Teke horses.

. Mean of Mean of Mean of
(SD) (sD) (sD)
Variables total | Left& Right Male& Female
L:17.9 M:17.5
18.0 (1.16) (1.14)
STTD (mm) @ R1814ey  F:184(7
L:185 M: 17.9
183 (1.39) (1.31)
STTM (mm) 8 122 R: 18'2(1.08) F:18.8 (0.99)
L:18.6 M:17.8
(1.41) (1.23)
STTP(mm) 18.5(1'23) R: 18.5(1.09) F:19.3 (0.63)
PCL (mm 64.3 G :
(mm) B3 R:i645315 F:66.1gg,
L:27.9 M: 28.1
o 28.0 (2.12) (1.23)
STTD/PCL (%) 80 R:2814sy F:27.90a
STTM/PCL 285 L:289(1959 M:28.6(149
(%) TO8) Ri28247 Fi285(a
L:29.0 M: 28.5
o 28.9 (157) (1.07)
STTRIPCL (%) WS R:2874sy  F:2930a
D-Founder 6.2 L:6.8 (305 M: 4.9 34
(mm) (293) R: 5.6 F: 75062
S-Founder 10.7 L:106@zey M:10.8 (435
(mm) G%  R:108(35, F:10.6(0
CF-Founder 4o ¢ L:490¢75s M:452(173
(mm) 60 R:i48242 F:520 g

Table 2. Mean + Standard Deviation (SD) measurements of the
angles of morphometric variables of distal phalanx and hoof in
lateral radiographs of front feet of total, left and right front feet,
and maleand female Akhal-Teke horses.

. Mean gp)of Meangpof  Mean g, of
Variables total Left& Right Male& Female
Sangle 296 L:51597) M:47.5(4
(Degree) R R: 47.6(331) F:51.7 (9.73)
T-angle 485 L:48.7179 M:48600
(Degree) T RI48331  Fi4840
H-angle 04 L:0.2 201 M: 1.1 266
(Degree) Te® Ri06ps  F-0.254u
U-angle L:47.0549 M:46.8(3;

g 49.2 (5.44) (6.31)
(Degree) 0P RiBlAgs  Fi516440)
R-angle 02 L:17 52 M: 1.8 654
(Degree) B R 2160 F22(0)
P-angle 368 L:365¢1y M:37.20s,
(Degree) Ce®) Ri37248  F:i36504s
Jangle 36 L:4.6(142 M: 24 532
(Degree) e R: 2.7 349) F:14.9 7

STTP(p<0.01), PCL (p<0.05), Jangle (p<0.05), D-
Founder (p<0.05), and CF-Founder (p<0.01).

Discussion

Since it is very important to reduce failure in
measuring the DP and the middle phalanx for
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Figure 1. Lateromedial radiograph of thefoot of an Akhal-Teke
horse. A. Hoof wall, B. Sole surface, C. Metal marker, D. Metal
bar was placed on the wooden block surface.

Figure 2. Schematic drawing of the foot illustrating measured
distances and angles on lateromedia radiographs. PCL:
Palmarocortical length, S-angle: Hoof wall, T-angle: Distal
phalanx axis, U-angle: Middle phalanx axis, D-Founder: The
perpendicular distance from the horizontal line through the
extensor process to the horizontal line through the coronary
band, S-Founder: The perpendicular distance from the
horizontal linethroughthehighest point of thesol esurfacewhich
wasrobbed by contrast agent (Barium Sulfate) infront of thefrog
to the tip of the DP, CF-Founder: The perpendicular distance
fromthe horizontal linethrough thetop point of thefrog corium
totheextensor process, P-angle: A caudal angleformed between
a line through the palmarocortical and a line through dorsal
surface of the DP.

laminitis detection, the limb must be in an exact
perpendicular position, and weight bearing is
necessary too.

Linford et al. (1993) reported that the widest
thickness at the hoof wall and its soft tissue was 18
mm. O'Brien and Baker (1986) stated that increasing
inthe hoof wall thicknessanditsrel ated soft tissueto
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more than 20 mm is the first radiographic sign of
laminitis. Thisincreaseisdueto theinflammation of
the laminea and will be seen on lateromedial
radiographsalmost 48to 72 hoursafter laminitisstart
to grow. None of the hoof wall and its related soft
tissue thickness was more that 20 mm in the present
study. There are some differences between hoof wall
thickness and soft tissue measurementsin this study
and other studies, especially theLinford et al. (1993),
Cripps and Eustace (1999) and Golshani (2000),
which can be due to the differences in breeds, ages,
hoof cares, sport activities, or the nutrition of the
examined horses.

Linfordetal. (1993) and Peloso et al. (1996) have
reported thethickness of thehoof wall anditsrelated
softti ssuelessthan 30% of thepal marocortical length
of theDPinsound horses, andthey stated that ahigher
percent will beasign for laminitis. In this study, the
mean of this criterion was lessthan 30% in all three
levels, although there were sporadic cases with a
percent of more than 30% without evident of
laminitis.

Cripps and Eustace (1999) and Baxter (1996)
stated that measuring the D-Founder, which is the
horizontal line through the extensor process to the
coronary band, is a sinking diagnostic criterion in
Laminitis. Since finding the coronary band location
will beamost difficult whenitisinflamed or sinker,
in this study the CF-Founder and S-Founder criteria
were introduced to measure the sinking occurrence
more accurately. The average of D-Founder in this
study was 6.2mm which seems to be more than the
amount of the previousreportsin other horse breeds
(Baxter 1996, Cripps and Eustace 1999). It may be
because of the larger hoof box size, the longer hoof
wall, and more penetration of the distal phalanx into
the hoof box in Akhal-Teke horses.

Significant differencesin STTPR, PCL, J-angle, D-
Founder, and CF-Founder between female and male
horsesmay beduetovarietiesintheir anount of sport
activitiesand pregnancy periodsinfemales.

Linfordetal. (1993) propounded that existence of
palmarocortical resorption, which cause an obvious
convexity onthepalmarocortical regiononthelatera
radiographs,isasignfor laminitisandfounder. Inthis
relation, Golshani (2000) assessed a hew creation
called P-angle. This criterion may be useful as an
indicator of laminitis.
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The results of the present study can be used as a
reference in further laminitis investigations on
Akhal-Tekehorses.
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