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Abstract

The major objective of the present study was to find the relationship between
the claw traits measurements and hoof disorders in crossbred dairy cattle
maintained under field conditions. Claw traits of 180 crossbred dairy cattle
were measured from all four hooves of crossbred dairy cattle and out of them
62 cows were affected with the hoof disorders. Statistical analysis was carried
using unpaired (two-tailed) t-test at 95% confidence interval to examine the
level of significance for the claw and hoof disorder traits, whereas Spearman
correlation test was applied to detect the effects of claw traits on hoof disorders.
The results revealed that the claw traits viz. claw length (CL), claw height
(CH), lateral claw width (LCW) and interdigital space width (IDW) were
significantly higher in cows affected with the hoof disorders in comparison to
normal hooves. It can be concluded from the present study that the increased
length, height, width, heel height and space between the claws of a cow affected
with hoof disorder has a significant correlation of claw traits with hoof
disorders.
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Introduction

Lameness has become a serious concern of welfare throughout the world as it causes pain and discomfort in the
suffering animals (Whay and Shearer, 2017). This leads to heavy economic losses to the dairy farmers (Green et al.,
2014; Thomas et al., 2016) due to increase in added costs of treatment, culling, replacement (Whitaker et al., 2000)
and reduction in the productive as well as reproductive performance of dairy cattle (Tyagi et al., 2017). It is reported
in the earlier studies that hoof disorders are the major reason behind the occurrence of lameness in dairy cattle
(Somers and O’Grady, 2015; Solano et al., 2016; Sadiq et al., 2017 and Moreira et al., 2018) and there are various
factors which predispose them to the incidence of hoof disorders (Kumar et al., 2019). Distl et al. (1984) have
concluded in their study that the abnormal shape of the claws in dairy cattle can predispose them to hoof disorders.
It has been recognized earlier that the ability to assess the accurate measurements of hoof traits of dairy cattle can
be of significant use in the studies of environment and genetic effects on hooves of dairy cattle (Hahn et al., 1984).
However, there may be variations in measurement taken by different individuals and using a reliable technique or
instrument with better precision can be more helpful in taking precise measurements. Various technigues have been
used earlier for measurements of claw traits of the dairy cattle i.e. use of divider for measurement and read it using
meter ruler (Distl et al., 1984; Hahn et al., 1984; Boelling and Pollot, 1998), flexible measuring tapes (Laven et al.,
2015 and Lohith et al., 2016), vernier calliper (Telezhenko et al., 2009) and digital image analysis using Image J
software (Laven et al., 2015). However, in comparison of digital image analysis and manual measurements, there
was not any acceptable concordance found between digital and manual measurements of the claw traits except for
toe angle (Laven et al., 2015). As per the available literature, the studies involving the comparison among the claw
traits of normal cows and cows affected with hoof disorders and influence of claw traits on the hoof disorders are
scanty in the field conditions. Therefore, the objective of the present study was to find the relationship between the
claw traits measurements and hoof disorders in crossbred dairy cattle maintained under field conditions.

Materials and Methods

The present study was carried out in crossbred dairy cattle maintained in Doddabalapura Taluk of Bengaluru Rural
District, Karnataka, India during November 2017 - May 2018. A total of 180 crossbred dairy cattle were involved
in the study comprising of 108 Hf crossbred and 72 jersey crossbred dairy cattle. Different claw traits like claw
length (CL), claw height CH), heel height (HH), interdigital space width (IDW), lateral claw width (LCW) and
medial claw width (MCW) (Figure 1) were measured from all four hooves (right front hoof (RF), left front hoof
(LF), right hind hoof (RH) and left hind hoof (LH) ) of all animals. The instrument used for claw trait measurements
was digital vernier calliper and measurements unit was millimetre (mm). Data obtained was entered in MS excel
2007 and then loaded into software IBM, SPSS Statistics version 20.0 for analysis in window 10. Unpaired (two-
tailed) t-test was used at a 95% confidence interval to know the significance among the claw traits of normal hooves
and hooves affected with hoof disorders. For knowing the effect of claw traits on the hoof disorders the Spearman
correlation test was used.

Figure 1: Diagrammatic illustration of claw traits measured during the study (courtesy: Somers et al., 2005): A=
claw length (CL), B= claw height (CH), C= heel height (HH), D= interdigital space width (IDW), E= lateral claw
width (LCW) and F= medial claw width (MCW).

Results and Discussion

Out of 180 crossbred dairy cows utilized for the claw trait measurements, 62 cows were affected with hoof disorders
and 118 cows had normal hooves. It was observed that crossbred dairy cattle affected with hoof disorders had higher
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measurements for claw traits like CL, CH, HH, IDW, LCW and MCW when compared to the claw traits of normal
animals which were not affected with hoof disorders (Table 1). Overall, these results were significant (P<0.05) for
claw length (in RF, RH and LH), claw height (in RF, RH and LH), lateral claw width (in LF and LH), and interdigital
space width (in all four hooves) but non-significant for medial claw width and heel height (P>0.05) (Table 1). The
results of the present study are found to be not in agreement with a study done in Poland by Olechnowicz and
Jaskowski (2010), where they didn’t find any significant differences in hoof-measurement traits of non-lame cows
and hoof disorders affected lame cows. This could be attributed to different types of lesions found in our study in
comparison to their study. However, the common lesion for both the study found was the interdigital growth (IDG),
where the presence of IDG (0.70%) was found to be lower as compared to the present study (48.8%). Further,
difference was recorded in the present study for other lesions were associated with claw wall (43.95%), white line
(2.27%) and the heel region of the hoof (3.03%). Therefore, this variation can be attributed to the presence of
different kind of lesions in different areas.

Table 1;: Mean £SE of claw traits measurements in normal cows and cows affected with hoof disorders

Hf crossbred Jersey crossbred Overall

Parameters Normal Affected Normal Affected Normal Affected

(n=62) (n=46) (n=56) (n=16) (n=118) (n=62)
RF 70.04+6.12 | 71.62+7.41 67.96+6.9 71.02+4.11 | 69.05+6.21% | 71.47+6.69°
Claw length (mm) LF 69.16+6.09 | 71.04+8.72 | 68.24+6.02 | 69.68+5.53 68.73+605 70.69+8.00
RH 70.2446.32 | 72.71+7.22 | 68.03+7.32 | 71.40+#5.31 | 69.19+6.88% | 72.37+6.76"
LH 69.92+7.03 | 72.09+7.08 | 67.71+7.24% | 71.79+8.48° | 68.87+7.19? | 72.06+7.40P
RF 58.04+6.82 | 59.93+7.44 | 55.18+5.17% | 61.70+6.29° | 56.68+6.46% | 60.39+7.15P
Claw height (mm) LF 57.45+7.35 | 59.39+6.69 | 54.83+5.29? | 59.96+5.60° | 56.21+6.56 59.54+6.38
RH 57.07+7.10 | 59.35+7.53 | 53.34+5.50* | 60.31+6.84° | 55.30+6.63* | 59.60+7.32°
LH 56.58+6.47% | 59.65+6.54° | 53.65+5.59% | 59.05+6.37° | 55.19+6.22% | 59.49+6.45"
RF 48.69+4.58 | 49.49+4.07 | 47.60+6.00 50.2345.52 48.1745.31 49.68+4.45
Lateral claw width LF 4857+4.27 | 49504365 | 46.76+3.70% | 51.38+6.09° | 47.71+4.10% | 49.99+4.43°
(mm) RH 48.67+4.37 | 48.72+3.36 | 46.42+3.95% | 49.70+7.26° | 47.60+4.31 | 48.97+4.63
LH 48.12+4.14 | 48.37+4.09 | 46.57+3.74 47.70+2.83 47.38+4.01% | 48.20+3.80°
RF 46.11+4.20 | 46.11+4.41 | 44.42+3.26% | 46.94+3.80° 45.31+3.86 46.32+4.25
Medial claw width LF 45.91+3.81 | 4555+4.02 | 44.38+3.07% | 46.55+4.69° 45.1943.55 45.81+4.19
(mm) RH 44.94+6.48 | 4551+4.05 | 43.91+3.28% | 45.57+5.83° 44 .4545.22 45.534+4.52
LH 45,6244 53 | 45.44+3.64 | 43.86+3.48 43.33+3.83 44.78+4.15 44.89+3.78
RF 35.89+6.72 | 36.59+5.48 | 35.80+7.05 | 35.41+5.03 35.85+6.85 | 36.29+5.35
Heel heiah LF 35.0746.01 | 35.71+5.35 | 34.22+5.16 | 36.87+5.04 34.6745.62 | 36.01+5.26
eel height (mm) o ™ 1733 6046.06 | 34.49+4.11 | 32574512 | 33114440 | 33.165564 | 34.14+4.20
LH 33.3045.90 | 35.04+6.28 | 32.21+5.52 | 32.28+4.02 32.7845.72 | 34.33+5.88
RF 13.24+3.41% | 17.65+8.39° | 12.90+3.02 | 14.94+3.63 | 13.09+3.24* | 17.32+7.97°
Interdigital space LF 12.93+3.29% | 17.84+9.18° | 12.77+3.33 | 15.91+2.75 | 12.86+3.30* | 17.61+8.65°
width (mm) RH 12.65+3.20% | 15.91+5.70° | 12.69+3.42 | 16.15+4.01 | 12.67+3.29% | 15.94+5.46°
LH 12.63+2.80% | 16.72+7.21° | 12.40+2.91 | 13.83+#5.80 | 12.53+2.84% | 16.37+7.02°

MeanzSE with different superscripts (a, b) differ significantly (P < 0.05) from each other

There is a variation noticed in the results of different claw traits measurements in the present study (Table 2) in
comparison to different studies conducted worldwide under different flooring systems (Telezhenko et al., 2009;
Dohoo and Martin, 1984; Distl et al., 1984). Telezhenko et al. (2009) concluded in their study that different flooring
systems had no significant effect on claw traits and their asymmetry. However, the abnormal shape of the hooves
predisposes a cow to hoof disorder (Distl et al., 1984). A study conducted by Dohoo and Martin (1984) in North
Caroline University reports that claw length and heel height of Holstein Friesian cattle were 42.08 mm and 14.56
mm respectively. Distl et al. (1984) reported that claw length and heel height of Holstein Friesian cows were 76.9
mm and 37.5 mm. Telezhenko et al. (2009) reported the means of the different claw traits measurements like claw
length (88.68+2.33 mm), lateral claw width (56.33+2.01 mm), medial claw width (49.20+1.92mm ) and heel height
(57.0+1.84 mm) in Swedish Holstein. All these studies involved Holstein Friesian cattle whereas our study involved
hf crossbred and jersey crossbred animals of the study area and this difference in inheritance level can be the reason

behind the variation.
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Table 2: Correlation matrix showing the correlation coefficients between the different claw traits of hoof disorders
affected crossbred dairy cattle

Attritntes Clrf g Clrh Cllh Chrf Chif Chrh Chih Iewrf | Iewdf | Iewth | Iewlh | Wiewrf Mewlf Mewrh Mewlh | Hhef Hhulf Hhrh Hiulh | Idurf | Tdwlf | Tdwrh | Idwlh
(=61)

Clet 1

Ccof T40 1

Clh 661 | 3417 [ 1

Cllh 6067 | 4127 | 48T |1

Chrf EETT 630 [ 5207 | 1

Chif 53557 | 34T | 6517 | 5087 | TEeT [ 1

Chrh 4387 3237 3047 3207 611" 07 1

Chih 347 | 4Rl [ AT | 3577 [ 10T | 826 | AT | 1

Lewdd 3967 | 304 347 | 307 4887 | 4167 | 3987 | 307 1

Lewlf 3717 | 289 4137 | 223 4097 | 276 4737 | 287 6927 1

Lewih 487 | 204 213 057 3307 | 2 255 27 T06T | & | 1

Tewlh 4607 286 3527 3617 4497 3487 239 4947 6097 397 3697 | 1

Mewerf 257 | 3eaT [ 497 | 376 | 5787 | 3337 | 479 | 4247 | 8977 [ s427 | 6T | 727 | ]

Mewlf 4127 | 275 3#77 | 28 457 | 296 4217 | 3757 | T | 73T | 6167 | ell” | 7T 1

hlewth 3B07 | 3047 3687 | 173 3427 | 3787 | 307 3907 | 6147 3447 | 8107 | 6E8T | 7707 7307 1

Mewlh 357 | M 3367 | 221 357 | AT 2R 407 [ 32T | 3e0” | Ae2T | 0T [ 22T 63T T4 1

Hhef 40T | 5427 6147 | 4™ | 3797 | 6107 | 4137 | 4327 [ 5807 430" [ 21’ 4817 | 6647 434" a7 373" 1

HRIf 3797 | 490" [ eed” | 4207 | 6157 | 560 | 360 | 360 [ 3307 [ 4137 | 200 258 4BT 4187 3637 .159 J07 [ 1

Hhrh 528" | 5107 | 5207 | a7 | 3207 | 5107 | 3397 | 6037 | 3397 [ 3967 | 3827 | 3BT | 447 3197 5437 4197 6127 | 3997 | 1

Hhlh 3437 | 4467 3997 | 4237 | 296 4207 | 4237 [ 3377 | 200 225 B4 219 292 2308 3487 351 267 [ 4237 652 1

Ldwrf BT m 3347 | 387 | 3307 | 169 103 266 KXV I EY] .169 357 | 308 283 205 30 37T [ 3T [ [ 4|1

Tdwif 4747 | U181 283 3377 | 231 033 278 307 303 221 220 3937 | 286 313" 223 328" 3467 [ 244 3447 [ 5117 | 7ERT | 1
Ldwrh 027 | 149 3757 | 5077 | 12 016 113 284 246 288 A1 M57 | 297 3337 252 288 3467 [ 315 3277 | 5167 | 5997 | TaeT [ 1
Liwlh 4887 | 199 508" | 362" | 288 14 0B3 3497 [ 2707 219 136 3867 | 328" AT 275 337 4127 | 3647 | 3327 | 6107 | 3327 [ 617 | 8% |1

**Correlation is significant at the 0.01 level (2 tailed) and * correlation is significant at the 0.05 level (2 tailed)

Further, the method of measurements involving different instruments (i.e.divider, meter ruler, flexible measuring
tapes and vernier calliper etc. ) in different studies can have an influence on these measurements and the present
study involved the use of digital vernier calliper which have better precision in taking measurements and the
measurements were taken by a single person throughout the study to avoid individual variation. It was observed in
the present study that the lateral claws were wider than medial claws. Similarly, it was reported in the previous
studies that lateral claws of the animals were generally longer, wider and had shallower hoof angle when compared
to medial claws (Lohith et al., 2016 and Telezhenko et al., 2009). In the present study the effect of claw traits on
hoof disorders was found significant (P < 0.01) (Table 2). It was found that increased length, height, width, heel
height and space between the claws of a cow affected with hoof disorder has a significant association of claw traits
with hoof disorders. This finding of our study is in agreement with the findings of a study done by Lohith et al.
(2016) who reported that as the length, height, width, heel height and space between the claws increases, hoof
disorders also increases.

Conclusion

It can be concluded that the measurements for claw traits like claw length, claw height, lateral claw width and
interdigital space width are significantly higher in case of cows affected with the hoof disorder in comparison to
these claw traits of cows with normal hooves. However, the higher measurements of the medial claw width and heel
height of affected hooves were non- significant in comparison to these claw traits of cows with normal hooves. It
can also be concluded that increased length, height, width, heel height and space between the claws of a cow affected
with hoof disorders has a significant association of claw traits with hoof disorders.
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