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Abstract

In this study, the phalanges of the forelimb and hindlimb of 18 adult Holstein breed cattle were used. Morphometric measurements were
taken from 144 digital bones. In contrast to classical references, it was concluded that the greatest lengths (GLpe) were longer in the hindlimb
than the forelimb for the phalanx proximalis and phalanx media. In the phalanx proximalis and phalanx media, the SD*100/GLpe index value
was high in the forelimb and low in the hindlimb. It was observed that the differences between the Bp (Breadth of the proximal end) values
of phalanx proximalis and Bd (Breadth of the distal end) values in phalanx media were significant for the inner bones of the forelimb and
their hindlimb counterparts, while the other values were statistically not significant. The presence of an asymmetry between the osteometric
measurements of the internal and external bones of the digits could only be observed between the GL values of the phalanx media of
forelimb (P<0.05). We concluded that the asymmetry seen in the forelimb in Holstein breed cattle maybe a result of being kept on concrete
ground as dairy cows.
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Evcil Sigirlarda Parmak Kemikleri Uzerine Morfometrik Calisma

Oz

Bu calismada, 18 adet erigkin Holstein irki sigira ait On ve arka ayak parmak kemikleri (phalanx proximalis, media ve distalis) kullanildi. Toplam
144 parmak kemiginin her birinden morfometrik 6l¢timler alindi. En biyiik uzunluk (GLpe) dl¢timlerinin hem Ph1, hem de Ph2’lerde, klasik
kaynaklarin aksine arka ayaklarda daha fazla oldugu sonucuna varildi. Ph1 ve Ph2’lerde SD*100/GLpe indeksinin 6n ayaklarda daha ytiksek,
arka ayaklarda ise diisik oldugu gozlendi. Ph1'de Bp, Ph2'de de Bd degerlerinin 6n ayaklarin internal kemikleriyle arka karsiliklari arasindaki
farklarinin istatistiksel agidan anlamli olmasi disinda, diger farkliliklarin istatistiki agcidan anlam tasimadigi g6zlendi. Parmaklarin internal ve
external kemiklerinin osteometrik 6l¢imleri arasinda bir asimetrinin varligi sadece 6n Ph2'nin GL degerleri arasinda gozlenebildi (P<0.05).
On ayak kemikleri arasindaki bu asimetrinin, Holstein irki sigirlarin siit amacli yetistiriciligi ve bunlarin nispeten sert zeminde tutulmus
olmalarinin etkin olabilecedi sonucuna varildi.

Anahtar sézciikler: Morfometri, Sigir, Parmak kemikleri

than forelimb B4, This comparison in ruminants was
not made only for the forelimb and hindlimb, but also
for measurements in the inner and outer digits 57\ In
some studies, the results of these comparisons show no

INTRODUCTION

Ruminants have 4 digital elements and have two digits
on each foot 2. The abaxial pairs of the digit-forming

elements have been reduced and functionally joined
as a single bone as evidence of their common origin ™.
Each metapodium forms the manus with the medial
and lateral digital bones found in pairs. Although the
phalanx bones in hindlimb are generally similar to the
phalanx bones in forelimb, phalanx proximalis and
phalanx media are reported to be shorter in the hindlimb

statistical differences, although some present asymmetry =,
In the comparison of phalanges forming the medial and
lateral digits belonging to the same foot, it was reported
that the average length of phalanx proximalis and phalanx
media of the 4t digit was longer than those of the 3™
digit and the phalanx distalis of the 3 digit had a larger
mean value 2.
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The main differences observed in the forelimb and hind-
limb were both length and width of phalanx proximalis
and phalanx media, which is reported as being shorter in
hindlimb in comparison to forelimb in classical anatomy
resources ™, while Ocal et al.® reported that phalanx
proximalis and phalanx media are shorter in the forelimb.
Nevertheless, it was stated that the most significant
difference was in the width.

It has been suggested that the double digits of the
artiodactyls are not in equal length, indicating that
they have different functions in posture and carrying
weight . Asymmetry in the lower extremities in cattle
was observed especially in thoracic extremities ©. It
was reported that there were no significant differences
between the corresponding measurements of the right
and left extremities of the buffalos and the total length
of the digital bones of the medial and lateral digits of the
same extremities . The movement of the animal on soft or
hard ground has an effect on the emergence of asymmetric
condition 2, The anatomic position of the ruminant feet
causes them to be exposed to significant physiological
stresses that can resultin pathological changes "%, This may
lead to the emergence of common aseptic inflammations
expressed as laminitis "', Although the weight of the
animal is carried by the central digits in Bovidae, it is stated
that the fact that the digits are not of equal length has an
effect on the localization and incidence of the pathologies
observed in the digits >'2. It is stated that the digital bones
are symmetrical in the oxen resulting in the equal weight
loading to foot during standing and walking, which is the
reason why the biomechanical lesions of the foot are less
common than the cattle ¥,

Approximately 90% of the clinical lameness cases in cattle
are caused by digital lesions and 92% of these lesions affect
the hindlimb 31, It has been reported that approximately
2/3 of the digital lesions also affect the lateral hindlimb
hooves 1"®'7, The biomechanical properties of the feet of the
ruminants cause a difference in the balance distribution of
the weight between the rear hooves. Chronic overloading
of the lateral hind hooves is considered a predisposing
condition for cows. A similar situation exists in the fore-
limbs. While standing, the majority of the weight is carried
by the medial hoof. The 3 inner digit of the hoof has a
greater length than the 4™ digit . It is therefore more
affected by diseases such as sole ulceration.

In addition to the difference in the distribution of the load
on the legs due to the differences in the length of the digits
in ruminants, the way the front and rear legs are connected
to the body is also thought to affect the biomechanical
properties of the foot 29, The fact that the forelimbs are
connected to the muscles while the hindlimb connected
in the joint style can affect the biomechanics of digital
anatomy in these animals B It is suggested that the effect
of different hooves on the forelimb and hindlimb may be
related to the anatomical features of these digits "'°.

In this study, we aimed to reveal the morphometric
differences between the digital bones of the forelimb
and hindlimb and between the right and left digits in
Holstein breed cattle. We believe that the obtained data
will contribute to the evaluation and identification of
artiodactyl digital bones in archaeozoological studies '&2",
easier evaluation of digital pathologies of the foot and
better understanding of biomechanical properties by
using morphometric data 12224,

MATERIAL and METHODS

This study was accepted by the ethics committee of
the Istanbul University (Decision number: 35980450-
050.01.99).

In this study, digital bones of forelimb and hindlimb
(phalanx proximalis, media and distalis) of 18 adult Holstein
breed cattle were used obtained from the slaughterhouses
of Istanbul region. For this purpose, each of the digital
bones taken from the slaughterhouse was coded and
recorded. Then these bones were boiled and subjected to
maceration 21,

Morphometric measurements were obtained from each of
144 digital bones using digital calliper. The morphometric
measurements are (Fig. 1) 2%,

Phalanx Proximalis

1. Greatest length of the abaxial half (GLpe)
2. Breadth of the proximal end (Bp)

3. Smallest breadth of the diaphysis (SD)

4. Breadth of the distal end (Bd)

Phalanx Media

1. Greatest length of the abaxial half (GLpe)
2. Breadth of the proximal end (Bp)

3. Smallest breadth of the diaphysis (SD)

4, Breadth of the distal end (Bd)

5. Greatest length (in dorsal direction) (GL)

Phalanx Distalis

1. Greatest diagonal length of the sole (DLS)
2. Length of the dorsal surface (Ld)
3. Middle breadth of the sole (MBS)

All measurements were based on von den Driesch 2, SPSS
statistical package program (SPSS for Windows, version
21.0) was used for statistical analysis. Descriptive mean
values and SD values were calculated. One-way analysis of
variance (ANOVA) was used to evaluate all data. Tukey test
was used to determine from which group the differences
originated. Statistical differences between groups were
presented as tables for each feature.
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Fig 1. Osteometric measurements
- from digital bones. A: phalanx
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phalanx distalis
C
" oLs ,
- -
.
' .
RESULTS significant differences between the right and left digital

The osteometric measurements of the phalanx proximalis
of the forelimb and hindlimb are shown in Table 1.

There was no statistically significant difference in the GLpe
measurements between phalanx proximalis of the forelimb
and hindlimb, whereas the GLpe measurements showed a
smaller value in the forelimb compared to the hindlimb.
Statistically significant differences were found between
the GLpe measurements of the phalanx proximalis of
forelimb and hindlimb except the left forelimb (P<0.05).
The difference between the internal phalanx proximalis
of the left forelimb and the GLpe measurements of the
external phalanx proximalis of the right hindlimb was not
statistically significant.

Although Bp measurement results were relatively small
in the hindlimb phalanx proximalis compared to the fore-
limbs, statistically significant differences were observed
between the internal phalanx proximalis of the left fore-
limb and the Bp measurements of both the internal and
external phalanx proximalis of the left hindlimb (P<0.05).
In addition, the differences between both the phalanx
proximalis of forelimb and hindlimb were not significant.

The SD value was relatively slightly higher in the phalanx
proximalis of forelimb, but the differences between all
phalanx proximalis of both the hindlimb and forelimb
were not statistically significant. The same was true for Bd
value.

Three different index values were calculated for phalanx
proximalis in Table 2. These were Bp*100/GLpe, SD*100/
GLpe and Bd*100/GLpe. While there were no statistically

bones, it was observed that the differences between all
three index values of the phalanx proximalis of forelimb
and hindlimb were significant (P<0.05). All three index
values of the forelimb phalanx proximalis were higher than
the hindlimb and the difference was statistically significant.

SD*100/GLpe index, which is considered as the fineness
index, was higher than the hindlimb in the forelimb and
the differences were statistically significant (P<0.05).

Osteometric measurements of phalanx media were given in
Table 1. There were no statistically significant differences
between the phalanx media of forelimb and hindlimb
in both of the anterior and posterior areas. While GLpe
measurements were relatively small in the phalanx
media of forelimb compared to the hindlimb, there was
a significant difference between the external phalanx
media of the forelimb and the internal phalanx media of
the hindlimb (P<0.05). Although the difference between
the left forelimb external phalanx media and left hindlimb
internal phalanx media was not statistically significant, the
observed differences were remarkable.

Phalanx media’s GL length in dorsal direction was different
from that in GLpe. There were no significant differences in
the GL measurement of the phalanx media between both
the right/left and external/internal parts of the hindlimb,
but some differences were found in the forelimb itself. In
addition, the GL values of the forelimb were smaller than
the hindlimb and the difference was statistically significant.

The GL value of the external phalanx media of the left and
right forelimb was measured as the smallest value. No
statistically significant difference was found between them.
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Table 1. Osteometric measurements of the phalanx proximalis and phalanx media of the forelimb and hindlimb

Phalanx Proximalis Phalanx Media

M Phalanges N Mean sD Minimum Maximum Mean sD Minimum Maximum
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
External Ph of the left forelimb 18 7237° 2.548 68.28 78.52 48.85* 1.96 45.51 52.60
Internal Ph of the left forelimb 18 72.84*® 3.006 66.83 77.74 49.31% 229 45.08 53.65
External Ph of the right forelimb 18 72.45° 2427 68.36 7813 48.74 1.89 45.47 52.85
Internal Ph of the right forelimb 18 72,572 2.742 67.79 7713 49.27% 237 45.27 53.24
otee External Ph of the left hindlimb 18 75.97¢ 3.018 71.40 82.05 50.53bcde 2.15 47.45 5437
Internal Ph of the left hindlimb 18 76.05¢ 2819 71.88 82.27 51.055 240 47.76 55.48
External Ph of the right hindlimb 18 75.44b¢ 2779 70.00 82.24 5OBEES 228 46.46 54.83
Internal Ph of the right hindlimb 18 76.39¢ 2.639 7294 82.65 51.23b¢ 225 47.71 55.58
External Ph of the left forelimb 18 = = = = 25.90° 1.51 23.59 29.29
Internal Ph of the left forelimb 18 o o = = 24.17b 1.28 21.32 26.19
External Ph of the right forelimb 18 = = = = 25.75® 1.39 23.02 27.49
Internal Ph of the right forelimb 18 - - - - 24.05¢ 1.21 22.88 26.61
- External Ph of the left hindlimb 18 - - - - 29.55¢ 1.57 26.61 3239
Internal Ph of the left hindlimb 18 - - - - 28.52¢ 2.09 24.06 31.34
External Ph of the right hindlimb 18 - - - - 29.39¢ 1.49 27.30 32.10
Internal Ph of the right hindlimb 18 - - - - 28.744 2.05 24.30 31.72
External Ph of the left forelimb 18 38.60<¢ 1.425 36.01 41.09 37.25° 2.08 3271 40.78
Internal Ph of the left forelimb 18 39.06* 1.714 36.08 42.06 37.24 1.96 33.19 40.59
External Ph of the right forelimb 18 38.48< 1.396 3573 41.15 37.38° 1.85 32.70 40.08
Internal Ph of the right forelimb 18 39.09* 1.559 35.83 41.56 37.07° 1.93 32.87 40.20
o External Ph of the left hindlimb 18 37.410 1.595 33.88 39.77 35.88° 1.63 31.65 3841
Internal Ph of the left hindlimb 18 37.35% 1.685 33.82 40.28 36.58° 1.79 33.16 39.85
External Ph of the right hindlimb 18 37.51< 1.303 3434 40.26 36.30° 1.99 32.29 40.95
Internal Ph of the right hindlimb 18 37.53« 1.875 3335 40.33 36.16° 2.03 33.13 39.40
External Ph of the left forelimb 18 32.81° 1.958 28.63 35.78 30.44° 1.31 28.48 3237
Internal Ph of the left forelimb 18 33.13° 1.545 30.42 35.71 30.34° 1.52 27.86 32.85
External Ph of the right forelimb 18 33.15° 2010 29.49 36.85 30.19° 1.59 26.67 3223
Internal Ph of the right forelimb 18 33.31° 1.759 30.28 35.67 30.43° 1.56 27.50 3291
- External Ph of the left hindlimb 18 31.76° 1.698 27.80 34.19 29.11° 1.73 25.08 31.95
Internal Ph of the left hindlimb 18 32.09° 1.771 29.13 35.14 29.64° 1.61 26.63 3245
External Ph of the right hindlimb 18 31.81° 1.751 27.75 35.02 29.09° 1.89 24.83 32.66
Internal Ph of the right hindlimb 18 32.14° 1.676 28.62 35.12 29.73° 1.82 26.19 32.69
External Ph of the left forelimb 18 35.95° 2573 30.08 40.43 31.37% 1.62 27.21 33.74
Internal Ph of the left forelimb 18 35.74° 1.983 32.09 39.66 32.58° 1.68 28.20 34.26
External Ph of the right forelimb 18 35.80° 2343 30.94 39.19 31.50* 177 27.48 3449
Internal Ph of the right forelimb 18 35.84° 2255 31.57 39.99 32.86° 1.93 28.20 35.50
- External Ph of the left hindlimb 18 34.00° 1.946 29.15 36.33 30.46° 239 24.70 36.49
Internal Ph of the left hindlimb 18 34.96° 1.866 31.48 37.60 29.90° 1.85 25.60 32.86
External Ph of the right hindlimb 18 34.11° 1.914 29.55 38.06 30.47% 2.16 2491 33.80
Internal Ph of the right hindlimb 18 34.82° 2.200 30.76 39.16 29.86" 2.01 25.01 3244

absde Values within a column with different superscripts are significantly different (P<0.05). M: measurement; GLpe: greatest length of the abaxial half; GL: greatest length; Bp: breadth of the proximal end; SD:
smallest breadth of the diaphysis; Bd: breadth of the distal end
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Table 2. The indices of the phalanx proximalis and phalanx media of the forelimb and hindlimb

Phalanx Proximalis Phalanx Media
Ll Hhalanges N Mean SD Minimum | Maximum | Mean sD Minimum | Maximum
(mm) | (mm) (mm) (mm) (mm) | (mm) (mm) (mm)
External Ph of the left forelimb 18 53.38° 2.04 48.10 56.79 76.24° 2.70 69.52 80.45
Internal Ph of the left forelimb 18 53.65° 2.01 50.35 56.60 7559 | 3.74 70.12 82.17
External Ph of the right forelimb 18 53.15° 1.99 49.01 56.50 76.71° 3.25 69.52 84.06
Internal Ph of the right forelimb 18 53.90° 2.05 50.46 58.05 7530 | 3.59 70.79 81.23
Bp*100/GLpe
External Ph of the left hindlimb 18 49.27° 1.97 45.43 51.90 71.07° 3.01 65.68 75.59
Internal Ph of the left hindlimb 18 49.15P 2.46 45.47 54.04 71.70° 2.94 66.04 76.67
External Ph of the right hindlimb 18 49.74° 1.44 47.11 52.74 72.18" 4.15 66.08 83.10
Internal Ph of the right hindlimb 18 49.15P 249 45.01 53.11 70.60° 3.10 65.31 76.32
External Ph of the left forelimb 18 45.35° 2.40 39.71 48.76 62.35° 2.20 58.91 66.61
Internal Ph of the left forelimb 18 45.50? 1.52 43.25 48.85 61.572 2.93 57.60 70.36
External Ph of the right forelimb 18 45.76* 2.35 41.56 49.95 61.97% 3.15 56.70 68.55
Internal Ph of the right forelimb 18 45912 1.92 43.25 50.19 61.78% 243 59.42 69.87
SD*100/GLpe
External Ph of the left hindlimb 18 41.83° 2.23 37.84 45.49 57.64° 293 52.04 61.56
Internal Ph of the left hindlimb 18 42.20° 2.00 39.36 46.03 58.11° 2.88 53.41 63.28
External Ph of the right hindlimb 18 42.17° 2.14 38.19 45.87 57.82° 3.54 51.66 63.89
Internal Ph of the right hindlimb 18 42.07° 1.78 38.62 4491 58.05° 2.85 53.20 62.88
External Ph of the left forelimb 18 49.66° 2.87 42.11 55.40 64.25 3.32 57.83 71.62
Internal Ph of the left forelimb 18 49.06* 1.76 45.81 51.95 66.14° 3.29 59.63 73.16
External Ph of the right forelimb 18 49.39* 2.35 43.61 53.12 64.66* 3.56 58.42 71.65
Internal Ph of the right forelimb 18 49.38° 2.49 45.61 53.96 66.72° 3.23 60.76 71.85
Bd*100/GLpe
External Ph of the left hindlimb 18 44.78° 237 39.68 48.00 60.34° 4.76 51.26 70.25
Internal Ph of the left hindlimb 18 45.98° 2.00 43.02 49.25 58.62° 3.53 52.53 66.56
External Ph of the right hindlimb 18 45.23° 2.30 40.67 49.86 60.60° 4.71 51.83 67.81
Internal Ph of the right hindlimb 18 45.59° 264 41.51 52.71 58.31° 3.50 50.80 66.27
ab<\alues within a column with different superscripts are significantly different (P<0.05).

There was a difference between the GL measurements of
the internal phalanx media of the external phalanx media.
The GL value of internal phalanx media was relatively large
compared to the external ones. There was no statistically
significant difference between the GL measurements of
internal phalanx media of the right and left feet.

No statistical differences were found between the forelimb
and hindlimb of the Bp and SD values. However, there
were differences in the Bd value of phalanx media were
only between internal and external phalanx media GL
values. These differences were statistically significant. The
GL value of the internal phalanx media of the forelimbs
had the highest value.

Phalanx media index (Bp*100/GLpe; SD*100/GLpe and
Bd*100/GLpe) values are given in Table 2. In general,
there were significant differences between the index
values of the phalanx media (except the right external
phalanx media) of forelimb and hindlimb. The index values
of phalanx media in the forelimb had a higher value.

Differences between phalanx media index values of right
and left feet were not statistically significant. There was no
significant difference between Bp*100/GLpe value of the
right rear external phalanx media and the index values of
the front internal phalanx media. The same was also true for
differences between the left front external and right rear
external values of Bd*100/GLpe index value. For fineness
index SD*100/GLpe, the forelimb had a higher value than the
hindlimb and the differences were statistically significant
(P<0.05).

The osteometric measurements of phalanx distalis and
the index value of this bone are given in Table 3. The DLS
value was higher in the forelimb than in the hindlimb.
However, the highest value was in internal phalanx
distalis. There was a statistically significant difference in
DLS between the internal phalanx distalis in the forelimb
and all phalanx distalis in the hindlimb (P<0.05). In the
case of the external forelimb only significant difference
was observed between the left phalanx distalis and right
external hindlimb (P<0.05).
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Table 3. The measurements and indices of the phalanx distalis of the forelimb and hindlimb

Measurements Phalanges N Mean sD Minimum Maximum
and Index (mm) (mm) (mm) (mm)
External Ph3 of the left forelimb 18 72.76* 5.08 64.02 86.63
Internal Ph3 of the left forelimb 18 75.80° 6.51 64.03 93.81
External Ph3 of the right forelimb 18 72.27% 4.98 64.12 85.06
Internal Ph3 of the right forelimb 18 76.38° 6.42 66.86 94.63
oL External Ph3 of the left hindlimb 18 68.26" 3.99 61.85 79.52
Internal Ph3 of the left hindlimb 18 68.59 3.55 63.11 79.49
External Ph3 of the right hindlimb 18 67.54 3.98 61.67 79.69
Internal Ph3 of the right hindlimb 18 68.33 3.56 63.15 78.04
External Ph3 of the left forelimb 18 56.152 3.61 49.86 64.35
Internal Ph3 of the left forelimb 18 58.07° 4.64 50.28 67.73
External Ph3 of the right forelimb 18 55.06% 3.88 49.84 64.32
Internal Ph3 of the right forelimb 18 58.59° 4.66 51.66 68.70
L External Ph3 of the left hindlimb 18 56.112 4.37 49.70 70.10
Internal Ph3 of the left hindlimb 18 55.60% 2.80 50.72 61.05
External Ph3 of the right hindlimb 18 54.132 3.06 50.06 60.83
Internal Ph3 of the right hindlimb 18 55.46 2.62 51.84 61.64
External Ph3 of the left forelimb 18 24,52 1.12 22.17 25.95
Internal Ph3 of the left forelimb 18 25.08° 1.59 22.84 29.24
External Ph3 of the right forelimb 18 25.02° 1.41 21.77 27.14
Internal Ph3 of the right forelimb 18 24.932 1.33 23.16 27.01
MBS External Ph3 of the left hindlimb 18 23.33° 1.40 21.14 26.14
Internal Ph3 of the left hindlimb 18 23.51° 1.24 21.20 25.35
External Ph3 of the right hindlimb 18 23.35° 1.30 20.38 26.67
Internal Ph3 of the right hindlimb 18 23.37° 0.86 21.82 24.67
External Ph3 of the left forelimb 18 33.83° 2.39 28.46 37.05
Internal Ph3 of the left forelimb 18 33.27° 3.08 26.44 40.73
External Ph3 of the right forelimb 18 34.77° 3.00 28.29 39.10
Internal Ph3 of the right forelimb 18 32812 2.71 26.60 38.48
MBS*100/DLS
External Ph3 of the left hindlimb 18 34.29° 2.80 29.90 39.98
Internal Ph3 of the left hindlimb 18 34322 1.96 30.79 36.92
External Ph3 of the right hindlimb 18 34.69° 2.88 29.29 41.67
Internal Ph3 of the right hindlimb 18 34.28° 1.96 30.61 37.24
abed\/alues within a column with different superscripts are significantly different (P<0.05). DLS: greatest diagonal length of the sole; Ld: length of the dorsal
surface; MBS: middle breadth of the sole

Although the Ld value was relatively similar between the
phalanx distalis of forelimb and hindlimb, the differences
between the values of the internal phalanx distalis in the
right external phalanx distalis of forelimb and hindlimb
were significant (P<0.05). There were not any other
statistically significant differences.

The MBS value was higher in the forelimb than in the
hindlimb. The difference between them was statistically
significant (P<0.05). There was no significant difference
between the phalanx distalis value of the left external digit
of forelimb and the others.

The MBS*100/DLS value, calculated using the length (DLS)
and width (MBS) values of phalanx distalis, was slightly
higher in the hindlimb but the differences were not
statistically significant.

DISCUSSION

It is suggested that in ruminants which have an even
number of digits in each foot, the pairs of digits are not
of the equal length due to the asymmetry in these pair of
digits, which indicates that they have different function in
relation to stature and load bearing >\ It was reported that
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the differences between phalanx proximalis and phalanx
media bones of cattle were more prominent than their
width, but this was not associated with length and width as
an index value ?4%™ The knowledge in classical anatomy
books indicates that Ph1 and Ph2 is shorter in the hindlimb
than in the forelimb and this information is not supported
by morphometric data. In this study, it was concluded that
the largest lengths of these bones (GLpe) were contrary
to this discourse in both Ph1 and Ph2, and were longer in
hindlimbs . Similar situation was also supported by Ocal
et al.®. While the difference in maximum length between
the forelimb and hindlimb was significant for Ph1, there
was a relationship between the externals of forelimb and
the internals of hindlimb in Ph2. Among each limb values
the GLpe values of these bones were the smallest.

It was observed that SD values were almost equal in the
phalanx proximalis and phalanx media of forelimb and
hindlimb and there was no significant difference between
them (Table 1) ®, Considering this, it is concluded that the
value of SD*100/GLpe, which is called the fineness index
of these bones, is more related to the length of the bones.
This index value is higher in the forelimbs, rather than the
SD width value of this value (GLpe) is significantly longer
in the hindlimb. Bp in phalanx proximalis, Bd values in
phalanx media did not show any statistically significant
difference except that the differences between the inner
bones of the forelimb and their hindlimb equivalents.

The importance of the difference of osteometric measure-
ments is generally discussed in some studies to reveal
the presence of asymmetry 7. In the comparison of the
external and internal phalanxes, it is usually observed that
the mean length of the external (phalanx) proximalis and
phalanx media of the 4t digit is greater than that of the
third digit (internal) corresponding to this measurement,
whereas the third (internal) phalanx distalis has a significantly
greater average value 2, Regarding the digits, the presence
of an asymmetry between the osteometric measurements
of the internal and external bones forming digits, could
only be observed between the GL values of the phalanx
media of forelimb.

In the majority of all other osteometric measurements,
there were some significant differences between the
corresponding bones of forelimb and hindlimb (P<0.05).
The underlying reason for the asymmetry of the ruminant
lower extremities especially the forelimb extremitiesobserved
in cattle despite the lack of a significant difference between
the total lengths of the corresponding bones of the medial
and lateral digits, is unknown 9. However, considering
the fact that the hardness of flooring where the animals
live and walk on, the difference between the flooring
conditions where cattle and dairy cows are kept may be
the underlying reason of this asymmetry . Therefore, we
concluded that the asymmetry in the forelimb maybe a
result of these cows of Holstein breed being raised as dairy
cows and kept on concrete ground.

In the phalanx media of forelimb, especially the asymmetric
condition in the GL measurements and the obvious
difference in Bd measurements between the internals
of forelimb and the phalanx media of hindlimb support
the view that the body weight of the Bovidae is loaded
on the central digits ', This is especially evident when
the morphometric data of phalanx distalis are evaluated.
Approximately 2/3 of the digital lesions affect the lateral
hooves. In our study, the morphometric data of phalanx
distalis are thought to be partially visible in the importance
control of the difference in the forelimb and hindlimbs ['6'71,
Especially in the phalanx distalis of hindlimb, there were
significant differences in DLS measurement of all phalanx
distalis. The front internal phalanx distalis have the largest
DLS value. The difference between these bones and lateral
phalanx distalis of hindlimb data is statistically significant.
The lowest Ld value was obtained in the lateral phalanx
distalis of hindlimb.

The age and body weight data were lacking for some
cattle. Therefore, this information was not presented. The
length and diameters of bones may be used as descriptive
properties of cattle.

As a result, different distribution of stress to feet in cattle
is thought to be related to the anatomical position of the
feet. Particular differences are observed in phalanx media
and phalanx distalis between the forelimb and hindlimb
opposites of internal bones. The significant increase in
SD*100/GLpe value, expressed as the fineness index, in
forelimb in comparison to hindlimb is thought to be more
significantly affected by the width value. This is because
index value increases in correlation with the SD value. The
same applies to the proximal and distal widths of phalanx
proximalis and phalanx media. Not only the large values
of the front phalanx proximalis and phalanx media, but
also larger DLS and MBS values in the front phalanx distalis
compared to the hinds, probably results in a larger contact
area for digits. We believe that it may contribute to the
fact that digital lesions are observed more frequently in
phalanx distalis of hindlimb clinically, which are thought
to have a smaller contact area.
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