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ABSTRACT

The objective of this study was to investigate time to lameness event, prevalence of claw 
lesions, and their associations with animal-based welfare measures (ABWMs) in dairy 
cows. A total of 120 non-lame lactating cows (n = 30 each from four intensive dairy farms) 
having no claw lesion were enrolled in the study. The cow-level enrollment criteria included 
good body condition score (BCS), normal hock condition score, absence of body injuries, 
and normal claw length. Information on cows’ parity, milk yield, and previous lameness 
event (PLE) were recorded. The cows were observed twice monthly (every 2 weeks) for 
locomotion scores (LS), and ABWMs, whereas claw lesions were recorded upon onset of 
lameness and at the end of the observation period. Cows were considered lame when 2 
consecutive LS = 3, or any assessment with score 4. Cox regression models were used to 
investigate lameness incidence and the association with ABWMs, while association between 

the latter and claw horn lesions (CHL) 
prevalence were analyzed using logistic 
regression models. Twenty-four percent 
(29/120) of the cows were lame during the 
study period. Lameness risk was associated 
with PLE (Hazard ratio; HR = 7.4; 95% 
CI 2.4-23.0), presence of overgrown claw 
(HR = 3.7; 95% CI 1.1-12.6) and low BCS 
pre-lame (HR = 4.5; 95% CI 1.3-16.6). 
Amongst the cows affected with claw 
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lesions, 68.4% (37/44) were lame and CHL 
were predominant (75.4%) compared to 
infectious claw lesions (24.7%). Cows with 
lower BCS (< 3.0) (OR = 5.7; 95% CI 1.6-
20.4) and those with PLE (OR = 7.2; 95% CI 
= 2.1-24.7) were more likely to have CHL. 
Management practices such as maintaining 
cows’ body condition, improved care for 
those with history of lameness, and proper 
claw trimming could assist farmers to reduce 
lameness incidence in the studied herds.

Keywords: Claw lesions, claw trimming, dairy cows, 
lameness, welfare

INTRODUCTION

Lameness is an important health problem in 
dairy cows (Cook et al., 2016). Lameness 
is also a major animal welfare issue due 
to the manifestation of pain and behavior 
changes in affected cows (Ramanoon et al., 
2018b; Thomas et al., 2016). The condition 
continues to be the cause of economic losses 
to farmers resulting from reduced milk yield 
(Green et al., 2014; Sadiq et al., 2019), 
maintenance and treatment of affected cows 
and higher culling risk (Charfeddine & 
Cabral-Perez, 2017). 

Claw lesions are responsible for most 
locomotion disorders in dairy herds (Bryan 
et al., 2012; Sadiq et al., 2017a). The 
prevalence of lesions causing lameness 
varies under different management systems, 
with intensively managed dairy cows 
experiencing higher lameness prevalence 
compared to pasture-based systems (Hund 
et al., 2019). However, the risk factors 
for lameness and specific claw lesions on 
intensively managed dairies are multifaceted 

at cow and herd levels (Olechnowicz et al., 
2010; Sadiq et al., 2017b; Solano et al., 
2015). For instance, the development of 
claw horn lesions (CHL) has been linked 
to the overloading on softer regions of the 
lateral hind claws, due to disproportionate 
heel height between the medial and lateral 
claws, biomechanical reaction at the floor-
claw interface (Nuss & Paulus, 2006), 
and peri-calving metabolic and hormonal 
changes leading to negative energy balance 
(Lim et al., 2015; Newsome et al., 2017a). 
For infectious claw lesions (ICL), factors 
such as presence of an infected cattle, poor 
leg hygiene, and biosecurity issues have 
been reported to increase the prevalence 
of digital dermatitis (DD) and other related 
lesions in dairy herds (Oliveira et al., 2017; 
Relun et al., 2013). 

Animal-based welfare measures 
(ABWMs) are vital parameters in assessing 
the well-being and performance of dairy 
cows (Robichaud et al, 2019). They include, 
but not limited to factors such as hock 
and body condition, leg hygiene, lying 
behavior, social grooming, and body injuries 
(Ramanoon et al., 2018b; Sadiq et al., 
2017b). These factors have been associated 
with lameness and specific claw lesions 
prevalence on dairies (Bran et al., 2018; 
Solano et al., 2015). Cows with low body 
condition score (BCS), poor leg hygiene, 
and hock injuries had greater odds of being 
lame (Sadiq et al. 2017a; Solano et al., 
2015). Likewise, the risk for CHL increased 
in thin cows and they were more susceptible 
to future lameness event. (Randall et al., 
2015). However, majority of the research 
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were cross-sectional; hence, the direction 
of the relationship between lameness and 
welfare parameters could not be elucidated.

Lameness and claw lesions are major 
health and welfare issues in Malaysian 
dairy herds (Sadiq et al., 2017a, 2020a). 
Recent studies conducted in dairy farms 
in Peninsular Malaysia reported lameness 
and claw lesions prevalence of 33% and 
46%, respectively (Sadiq et al., 2020a, 
2021). The associations between cow-
level risk factors and lameness prevalence 
depicted poor animal welfare (Sadiq et al., 
2017a, 2020a). Moreover, only a few farms 
practiced routine claw trimming (CT) as 
a lameness management strategy. Lack of 
claw trimming and hoof care contributed to 
the high prevalence of overgrown claws and 
CHL in dairy cows in Peninsular Malaysia 
(Ramanoon et al., 2018a, Sadiq et al., 2021).

To gain more knowledge on the welfare 
indicators of lameness risk at cow level and 
the direction of the events, there is a need 
for a longitudinal assessment of dairy cows 
from their non-lame to lameness status. The 
objective of this study was to determine 
the time-related changes of animal-based 
welfare indicators and risk of new lameness 
event in dairy cows.

MATERIALS AND METHODS

Study Design and Herd Selection

Farms were recruited from the list and 
contacts of dairy farms registered with 
the Department of Veterinary Services 
(DVS), Selangor, Malaysia. The inclusion 
criteria included location of farm within 
Selangor State in Malaysia, free-stall 

housing, adequate farm records on animal 
health, milk yield and fertility, herd size of 
50 or more milking cows, periodic trimming 
of the cows either at dry-off or during 
lactation, and absence of pasture grazing. 
A total of 18 farms were contacted and 6 of 
them agreed to participate in the study. Upon 
further examination, 2 farms were excluded 
based on the floor design, management 
routine during calving, and uncertainty of 
the cows remaining in the study for the 
planned period. The factors considered for 
the management and herd characteristics of 
the enrolled farms are presented in Table 
1. The farms were located in Batang Kali 
(n = 1), Semenyih (n = 2), and Kajang (n = 
1) while the herd size ranged from 145-200 
cows (mean of 172 cows). All the enrolled 
cows were Australian Friesian Sahiwal 
(crossbreed) and the average 305-day milk 
yield ranged from 2, 700 to 3, 200 kg.  

Lameness Control

All the farms practiced routine claw trimming 
either during dry off or mid-lactation and 
footbathing as herd health programs targeted 
to improve claw health. The farmers were 
informed about the methodology of the 
study, and that no interruption of routine 
farm and management practices would be 
attempted except the suspension of CT in 
the sampled cows during the study period. 

Cow Enrollment

Information on animal health status, DIM, 
parity and previous lameness event (PLE) 
were obtained from each farms’ health 
and production records. Next, all the 
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lactating cows in each herd were assessed 
for locomotion score (LS) using the four-
point LS system developed by DairyCo 
(n. d.). Briefly, the LS system entailed 
the observation of postural (head bob 
and back presentation) and gait (stride 
length, steps, weight transfer or bearing) 
features during cows’ locomotion, which 
were then aggregated to classify lameness 
severity. Based on the scale, LS 1 = sound 
cows; absence of head bob, straight back 
presentation, symmetrical gait, and normal 
stride, LS 2 = non-lame; absence of head 
bob and/or ached back and shortened stride 
length, LS 3 = lame; Presence of head bob 
and/or ached back and shortened stride 
length, LS 4 = severely lame; as presented in 

LS 3 and non-weight bearing or recumbent. 
Only the non-lame cows that were within 
40 days in milk (DIM) and apparently free 
from other disease conditions were selected 
for further evaluation. Priority was given to 
the animals expected to remain in the herd 
for the study period.

The hind limbs were examined for hock 
condition score (HCS) on a 3-point scale 
where, 1 = normal area with no alopecia 
and inflammation, 2 = hair loss but absence 
or slight swelling (< 1- 2cm), 3 = hair loss 
and substantial swelling (> 2cm) (Cook, 
2006). Cows with the two latter scores were 
not enrolled. Upon hoof examination, only 
the cows without lesions were enrolled; 
however, cows with history of PLE or claw 

Table 1 
Herd characteristics of the studied farms

Features Farm 1 Farm 2 Farm 3 Farm 4
Location Semenyih Batang Kali Semenyih Kajang
Herd size 145 170 175 200
No. of milking cows 63 68 85 74
305-day milk 
yield(kg/cow) 3100 2700 2900 3200

Management system
Housing Free-stall Free-stall Free-stall Free-stall
Access to pasture No No No No
Stocking rate(cow/
stall) One One One One

Floor and stall design
Floor type Concrete Concrete Concrete Concrete
Stall base Rubber mats Rubber mats - -
Location Milking, walking alley 

and resting barn
Milking parlour and 

resting barn Resting barn Resting barn

Frequency of 
cleaning
(per day)

2 3 3 >3

Use of footbath Yes Yes Yes Yes
Claw trimming
(per year) Once Once Twice Once
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lesions (one month before study period) 
were only considered for enrollment after 
complete recovery from lameness and 
resolution of lesions. The latter was defined 
by the presence of LS 1 and non-withdrawal 
of the previously affected limb/claw upon 
applying pressure using a hoof tester. The 
dorsal wall angle was used to measure the 
presence of claw overgrowth on the hind feet 
as described by Solano et al. (2015). Values 
< 45 degree were classified as overgrown 
and such cows were not considered for 
enrollment. 

Other ABWMs such as body condition 
score (BCS), body injuries (BDI), and 
leg hygiene were recorded during cow 
enrollment. The BCS was measured using 
a 4-point scale recorded as thin, poor, 
moderate and fat respectively (Elanco 
Animal Health, 1997). Cows with BCS 
of 3 were enrolled for the study. Presence 
of injuries on body regions (neck, brisket, 
carpal joint area, rib-cage area, area over 
the tuber coxae, ischial area, hock joint 
area, teats, and udder) was observed as 
described by Cook et al. (2016). The signs 
considered as indicators of BDI included 
presence of external wounds, ulcerations, 
swellings, localized hair loss, scars, and 
skin hyperkeratosis. The lateral lower hind 
limbs were assessed for cleanliness from 
the coronary band to the tarsal joint region 
based on degree of manure contamination 
using a 0-3 scale: 0 = fresh manure for 
< 50% of the area; 1 = fresh manure for 
>50% of the area; 2 = dried caked and fresh 
manure for < 50% of the area; and 3 = entire 
area with dried caked manure (Gibbons 

et al., 2012). Finally, a purposive sample 
of 30 Australian Friesian Sahiwal cows 
were selected from each farm (total = 120) 
and their tag numbers were recorded. The 
cows were enrolled at early-lactation and 
followed for 9 months. 

Locomotion Scoring and Cow 
Characteristics

One investigator visited the farms twice 
every month for locomotion scoring of 
the cows and collection of animal-based 
data. The locomotion scoring took place 
immediately after the cows were enrolled 
until the dry-off period. Two successive LS 
3 or a single LS 4 was necessary for a cow to 
be considered lame as described by Thomas 
et al. (2016). Immediately a cow fulfilled 
the lameness definition (censored), lactation 
stage and DIM were recorded, and all the 
front and rear feet were examined for claw 
lesions or other definite cause of lameness. 

Assessment of Claw Health and Lesions 
Recording 

Claw lesions were recorded based on the 
description of previous authors (Green et al., 
2014; Solano et al., 2016) and in conjunction 
with the International Committee of Animal 
Recording (ICAR) Claw Health Atlas 
(Egger-Danner et al., 2015). Infectious 
lesions consisted of digital dermatitis (DD), 
heel horn erosion, and swelling of the coronet 
area (SC), whereas non-infectious group 
included sole lesions (haemorrhage, ulcer, 
bruises, and double sole), toe ulcer, white 
line disease (WLD), heel lesions, (HL). 
Lesions such as wall fissures, interdigital 
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hyperplasia and corkscrew were recorded 
as “others”. The presence of different 
lesions on a single foot or different feet was 
considered as multiple lesions, whereas the 
presence of more than one of the same lesion 
on one foot or two feet was recorded as a 
single lesion. 

Management of Dropout and Missing 
Data

The cows that became lame during the 
study were managed according to the 
farms’ protocol. Locomotion scores and 
animal-based data were collected from all 
the enrolled animals at 18 different time 
points (every two weeks for 9 months). All 
the enrolled cows (n = 120) remained in the 
study throughout the study period. 

Statistical Analysis

Descriptive statistics was used to summarize 
the proportion of lame cows and distribution 
of claw lesions. To determine the association 
between ABWMs and lameness occurrence, 
a multivariable cox proportional regression 
model was built following a two-stage 
procedure. Parity and PLE were recorded 
as present during enrollment. Since similar 
BCS, HCS, leg hygiene, and claw length 
were considered before cow enrollment 
from each farm, the last record of each 
parameter before the occurrence of two 
consistent lame scores (LS3 or LS4) was 
recorded for the affected cows. For the non-
lame cows, median scores of each parameter 
were computed. Next, a univariable 
cox proportional regression model was 

constructed to evaluate the association 
between lameness and the covariates: leg 
hygiene (clean, dirty, and very dirty), parity, 
HCS (normal, hair loss, and swelling/ulcer), 
BCS (thin, good, and fat), BDI (present or 
absent), claw overgrowth (present or absent), 
PLE (present or absent), and claw lesion 
(present or absent). In the next stage, factors 
were introduced into the multivariable cox 
proportional regression model if the p-value 
< 0.10. Farm was introduced into the model 
as a random effect. A forward method 
was applied and changes in the remaining 
coefficients were checked as factors were 
excluded in the model. P-value < 0.05 was 
used for the final model. 

For lesions prevalence, the outcome was 
the odds for claw lesion at the end of the 
follow-up period. Binary logistic regression 
model was only conducted for ICL as the 
prevalence of other lesions was relatively 
small. As such, analysis was done for cows 
with CHL compared with those without 
lesions. The final records of the welfare 
parameters (BDI, HCS, BCS, leg hygiene, 
and claw length) were used for the analysis, 
whereas parity and PLE were recorded as 
present during enrollment. A binary logistic 
regression model similar two step model 
building process described earlier was used 
to build the final multivariable logistic 
regression models. Comparisons between 
the predicted proportions in the model and 
the actual proportions in the data set were 
used in determining the model fit. The 
results were presented in odds ratios and at 
95% confidence interval (CI). 
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RESULTS AND DISCUSSION

Descriptive Statistics and Characteristic 
of the Study Population

This work investigated the association 
between ABWM, lameness occurrence, 
and claws lesions prevalence in dairy cows. 
One reason for this piece of work was to 
elucidate the direction of event between 
welfare measures such as BCS, body 
injuries, hock condition, claw length, and 
the lameness incidence during lactation in 

the dairy cow. The descriptive statistics for 
the enrolled cows is presented in Table 2. 
Fifty-two percent (63/120) of the cows were 
within first 30 DIM, and majority (85%; 
102/120) of them had moderate BCS during 
enrollment. The mean (± SD) milk yield of 
the sampled cows was 14.3±1.7 kg/day and 
all of them were having normal HCS, claw 
length, and absence of BDI when they were 
enrolled.  

Table 2
Descriptive statistics of the 120 cows enrolled from the 4 studied farms

Factors Frequency %
DIM
1-30 63 52.5
31-60 57 47.5
Parity
  Primiparous 41 34.2
  Second 47 39.2
  Third and above 32 26.6
BCS
  3.0 102 85
  >3.0 18 15
Body injuries
  Normal (absent) 120 100
Previous lameness event
  Yes 27 77.5
  No 93 22.5
Leg hygiene
  Clean 75 62.5
  Dirty 35 29.2
  Very dirty 10 8.3
HCS
  Normal 120 100
Claw length (all claws)
   Normal (≥ 45º) 120 100
Milk yield (kg)/cow/day2 14.3± 1.7

Note. 1DIM = days in milk, 2Milk yield is presented in mean ± standard deviation. Other variables are presented 
in categories and proportions
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Lameness Incidence and Association 
with ABWMs 

Twenty-four percent (29/120) of the cows 
were lame during the study period. At 
every monthly observation period, the 
proportion of non-lame cows never went 
below 60%. The incidence of lameness 
(24.2%) reported in the present study was 
higher than that of Bryan et al. (2012), 
similar to that of Olechnowicz et al. (2010), 
but lower compared to that of Green et al. 
(2014). The difference might be related to 
the definition of lameness, potential risk 
factors, and variation in milk yield during 
lactation. Since the absence of overgrown 
claw was one of the enrollment criteria, the 
higher proportion of sound cows might be 
related to benefits of proper claw length and 
maintenance of sole thickness. These events 
improve weight distribution between the 
medial and lateral hind claws, and frictional 
properties at the floor-claw interface (Nuss 
& Paulus, 2006; Sadiq et al., 2020b; van der 
Tol et al., 2004).

The factors in the univariable cox 
regression model included BCS pre-lame, 
claw length, and PLE. Cows with overgrown 

claw (Hazard ratio; HR = 3.4; 95% CI 
1.2-11.4) had higher risk of being lame 
compared to those with normal claw length. 
Higher risk for lameness was observed in 
cows with PLE (HR = 6.9; 95% CI 2.3-
23.2) than those without lameness history in 
previous lactations (Table 3). BCS pre-lame 
was associated (p = 0.03) with the lameness 
incidence in the study population. Other 
factors such as parity, HCS, leg hygiene, 
and DIM (during enrollment) were not 
associated with lameness incidence. Similar 
proportions (44%) of the cows became lame 
around early (within 120 DIM) and mid-
lactation (181-200 DIM), while less than 
15% of the lameness cases occurred during 
late lactation (above 200 DIM) (Figure 1). 
The predictors of lameness in the final cox 
regression model were claw length, BCS 
pre-lame, and previous lameness event. Cow 
with PLE were 7 times more likely (95% CI 
2.4-23.0) to be lame during the study period 
compared to those without PLE. Likewise, 
those with overgrown claw (HR = 3.7; 95% 
CI 1.1-12.6) and thin BCS pre-lame (HR = 
4.5; 95% CI 1.3-16.6) were at higher risk 
of being lame than those with normal claw 

Figure 1. Percentage of lame cows during various stages of lactation

0 10 20 30 40 50

within 120 DIM

121-200 DIM

Above 200 DIM

Percentage of lame cows

D
ay

s i
n 

m
ilk



Association between Lameness Incidence and Animal-based Welfare Measures

57Pertanika J. Trop. Agric. Sci. 44 (1): 49 - 67 (2021)

Ta
bl

e 
3 

C
ox

 p
ro

po
rt

io
na

l 
ha

za
rd

 m
od

el
 e

st
im

at
es

 o
f 

th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

AB
W

M
 a

nd
 t

im
e 

to
 l

am
en

es
s 

ev
en

t 
ba

se
d 

on
 t

he
 u

ni
va

ri
ab

le
 a

nd
 m

ul
tiv

ar
ia

bl
e 

co
x 

pr
op

or
tio

na
l h

az
ar

d 
m

od
el

 

U
ni

va
ria

bl
e 

m
od

el
M

ul
tiv

ar
ia

bl
e 

m
od

el
B

S.
 E

.
W

al
d

p-
va

lu
e

H
R

95
%

 C
I

B
S.

 E
.

W
al

d
p-

va
lu

e
H

R
95

%
 C

I
C

la
w

 le
ng

th
O

ve
rg

ro
w

n
-1

.2
0.

6
3.

7
0.

04
 3

.4
1.

2-
11

.4
1.

3
0.

6
4.

6
0.

03
3.

7
1.

1-
12

.6
N

or
m

al
 

 R
ef

 
R

ef
B

D
I 

Pr
es

en
t 

0.
5

0.
8

0.
4

0.
4

 1
.7

0.
3-

8.
9

A
bs

en
t

 R
ef

B
C

S 
pr

e-
la

m
e

6.
6

0.
03

6.
0

0.
05

< 
3.

0
1.

5
0.

9
2.

8
0.

1
4.

8
0.

7-
30

.0
-1

.4
0.

6
5.

8
0.

01
4.

5
1.

3-
16

.6
3.

0
-0

.1
0.

8
0.

1
0.

8
0.

8
0.

1-
4.

3
-1

.3
0.

8
2.

3
0.

1
3.

8
0.

6-
20

.8
> 

3.
0

 R
ef

 R
ef

H
C

S 
pr

e-
la

m
e

0.
9

0.
6

N
or

m
al

 
1.

3
1.

4
0.

8
0.

3
3.

6
0.

2-
61

.2
H

ai
r l

os
s

0.
9

1.
5

0.
4

0.
5

2.
6

0.
1-

51
.9

Sw
ol

le
n

R
ef

L
eg

 h
yg

ie
ne

 p
re

-la
m

e
1.

9
0.

3
C

le
an

-0
.3

1.
0

0.
0

0.
7

0.
7

0.
09

-5
.8

D
irt

y 
-1

.2
1.

1
1.

0
0.

2
0.

2
0.

03
-2

.9
Ve

ry
 d

irt
y

R
ef

Pr
ev

io
us

 la
m

en
es

s 
Pr

es
en

t
-1

.9
0.

6
10

.2
0.

00
1

6.
9

2.
3-

23
.2

-0
.0

1
0.

5
12

.2
0.

01
7.

4
2.

4-
23

.0
A

bs
en

t
R

ef
R

ef
Pa

ri
ty

1.
7

0.
4

Fi
rs

t
-0

.9
0.

7
1.

5
0.

2
0.

3
0.

09
-1

.7
Se

co
nd

-0
.6

0.
6

1.
0

0.
3

0.
5

0.
1-

1.
9

Th
ird

 
 R

ef
D

IM
1-

30
-1

.8
0.

3
0.

2
0.

6
0.

8
0.

3-
1.

8
31

-6
0

R
ef

N
ot

e.
 B

 =
 B

et
a,

 S
. E

. =
 S

ta
nd

ar
d 

er
ro

r, 
W

al
d 

= 
C

hi
-s

qu
ar

e 
st

at
is

tic
, H

R
 =

 H
az

ar
d 

ra
tio

, C
I =

 C
on

fid
en

ce
 in

te
rv

al
, D

IM
 =

 D
ay

s i
n 

m
ilk

, R
ef

 =
 R

ef
er

en
ce

 g
ro

up
, 

p-
va

lu
e 

< 
0.

05
 w

as
 c

on
si

de
re

d 
fo

r s
ig

ni
fic

an
t a

ss
oc

ia
tio

ns
 in

 th
e 

m
ul

tiv
ar

ia
bl

e 
m

od
el



Mohammed Babatunde Sadiq, Siti Zubaidah Ramanoon, Wan Mastura Shaik Mossadeq, 
Rozaihan Mansor and Sharifah Salmah Syed-Hussain

58 Pertanika J. Trop. Agric. Sci. 44 (1): 49 - 67 (2021)

length and good body condition (BCS = 3), 
respectively.

Previous studies have demonstrated 
positive association between overgrown 
claw and lameness occurrence in dairy cows 
(Sadiq et al., 2017a; Solano et al., 2015). 
Accordingly, overgrown claw affects cows’ 
weight distribution especially around the 
rear claw; thus, enhancing conformational 
changes those results to altered locomotion 
(Sadiq et al., 2020b; van der Tol et al., 2004). 
The lateral claw of the rear foot bears a larger 
part of the weight directed unto the limb and 
the function is affected when the claw length 
is overgrown (Alsaaod et al., 2017). Claw 
overgrowth affects the placement of the foot 
and displaces the stride during locomotion 
(Alsaaod et al., 2017). 

Lame cows experience behavioral 
changes such as reduced frequency time, 
frequency of visits to feed bunk, and lower 
energy balance to compete for feed, which 
may result to body condition loss (Green 
et al., 2014; Ramanoon et al., 2018b). 
These behavioral changes are defensive 
mechanisms against the on-going pain in 
lame cows (Whay & Shearer, 2017). In this 
study, majority of the lame cows had low 
BCS prior to the onset of clinical lameness. 
Randall et al. (2015) reported that dairy 
cows with low BCS were more likely to 
become lame in the future. The finding 
suggests that BCS loss occurred for certain 
period before the onset of gait changes. The 
changes in BCS as shown in this study could 
be used to identify cows requiring prompt 
management; thus, reducing the chances of 
future lameness event. 

Cows with previous history of lameness 
event had higher risk of being lame in the 
present lactation. Although claw health 
records were not sufficient to identify the 
causes of previous lameness episodes in the 
enrolled cows, other related studies have 
shown that cows with previous lameness 
history are more likely to be lame in 
subsequent lactation (Huxley et al., 2013; 
Randall et al., 2015). Such relapses in 
lameness event are common in CHL due 
to pathological changes within the capsule 
that destabilizes the pedal bone (Newsome 
et al., 2017b; Räber et al., 2006). Moreover, 
most of the studied cows underwent routine 
CT once before enrollment and no further 
trimming was conducted during the study 
period. Repeated CT might be required 
improve the stability of pedal bone and 
reduce the tendency of relapse of previous 
horn lesions (Sadiq et al., 2020b). Preventive 
claw trimming at dry off and again at DIM 
40–60 could reduce the lameness prevalence 
during early lactation (Green et al., 2002).

Factors such as HCS, leg hygiene, and 
parity were not associated with lameness 
incidence in the present study. In cross-
sectional studies, higher odds of lameness 
were observed in cows with poor HCS 
(swollen hock or hair loss) (Solano et al., 
2015), higher parity (Lim et al., 2015; 
Machado et al., 2010) and poor leg hygiene 
(Relun et al., 2013; Sadiq et al., 2017a). 
However, the direction of the events could 
not be determined in these studies. All the 
sampled cows in the present study had 
normal HCS during enrollment and majority 
of the lame cows had no changes in their 
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hock condition during their first lameness 
events. This finding reinstates that claw-
related changes were more important in 
influencing lameness occurrence in the 
studied cows than hock injuries. The lack 
of association between lameness, parity, 
leg hygiene, and BDI could be related to 
the various causes of lameness and their 
severity in the sampled cows. Moreover, 
studies have shown that parity influences 
the occurrence of infectious claw lesions 
and CHLs in different ways. Cows at 
higher parity had higher incidence of CHL 
at drying off (Machado et al., 2010) and 
during lactation (Oberbauer et al., 2013). 
In contrast, the risk of DD was lower in 
greater parity cows compared with those 
at first and second parity (Holzhauer et 
al., 2006), whereas incidence of DD was 
twice in heifers that calved at younger age 
compared to those that calved at older age 
(Mellado et al., 2018). 

Herd cleanliness is another factor 
associated with lameness risk in dairy 
herds. The overall herd cleanliness can 
be estimated using the leg hygiene of 
individual cows (Cook, 2006). Herein, we 
found no association between lameness risk 
and leg hygiene at cow level. This finding 
contradicts those of previous studies where 
poor leg hygiene increased the chances of 
lameness and infectious claw lesions in dairy 
cows (Solano et al., 2015, 2016). However, 
one of the study designs was cross-sectional 
and thus; limits further information on the 
events’ direction. Since the present study 
entailed a longitudinal approach, the result 
suggests that leg hygiene may not be as 

important as other welfare parameters 
influencing lameness incidence during 
lactation. However, the subjectivity of the 
leg hygiene scoring method and lesions 
prevalence could also contribute to the 
disparity in results. Majority of the claw 
lesions observed in this study were CHL, 
and leg hygiene may play more significant 
role in the development of claw lesions of 
infectious origin (Relun et al. 2013; Wilson-
Welder et al., 2015). 

Claw Lesions Analysis

A total of 57 claw lesions were recorded in 
37% (44/120) of the enrolled cows during 
the study. Thirty-nine cows (68.4%) were 
lame amongst the cows affected with claw 
lesions. CHL were predominant (75.4%; 
43/57) compared to ICL (24.7%; 14/57) 
(Table 4). 

The proportion of lame cows amongst 
each lesion category was highest for sole 
lesions (SU/SH) (16/20; 80%) and ICL 
(12/14; 86%) (Figure 2). 

The lesion prevalence is comparable to 
the reports in previous studies (Becker et 
al., 2014; Cramer et al., 2008). Regarding 
the higher prevalence of CHL compared 
to infectious types, our previous study in 
selected dairy farms in Selangor showed a 
similar result, with sole lesions and WLD 
being the most prevalent at cow level 
(Sadiq et al. 2017a). CHL are multifactorial 
and intensive dairy facilities are highly 
susceptible to claw disorders (Cook et al., 
2016; Charfeddine & Perez-Cabal, 2017). 
Preventive measures entail appropriate 
stall designs to improve cow comfort, as 
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Table 4 
Prevalence of claw lesions at during lactation of 120 cows enrolled in the study by categories of claw lesions 
and proportion of lame cows

Claw lesions Lame cows
Claw horn lesions 
SL 20 16
WLD 10 5
TU 5 4
HU 1 1
Others3 7 1 
Total1 (%) 43 (75.4) 27 (62.7)
ICL2 14 (24.6) 12 (85.7)
Total4 (Overall) 57 (100) 39 (68.4)

Note.
1Total number and percentage of claw horn lesions
2Infectious claw lesions comprise of digital and interdigital dermatitis, heel horn erosion, and swollen coronet
3Others comprise of corkscrew claw, interdigital hyperplasia
4Total number of claw lesions recorded in both groups
Cows were counted more than one if they had more than one claw lesion
ICL = infectious claw lesion, SL = sole lesions, WLD = white line disease, TU = toe ulcers, HU = heel ulcer

Figure 2. Proportion of lame cows among those affected with various claw lesions

0% 20% 40% 60% 80% 100%

SL

WLD

TU

HU

Others

ICL

Claw lesion Lame

well as specific management during high 
risk period. For instance, the cows were 
housed under completely confined systems 
without provision for pasture grazing. 
Recent reports suggest that pasture access 
is important for the reduction of CHL 
occurrence (Armbrecht et al., 2018) and 
these lesions elicit greater pain than other 

foot lesions based on the evaluation of 
nociceptive threshold (Passos et al., 2017). 
An indication of such event in this study was 
the higher record of lameness cases amongst 
those affected with CHL. 

Covariates in the univariable model 
were median BCS and PLE. Cows with poor 
BCS (< 3.0) (OR = 5.7; 95% CI 1.6-20.4) 
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and PLE (OR = 7.27; 95% CI = 2.1-24.7) 
had higher lameness prevalence in relation 
to those good BCS and no lameness history. 
At the multivariable level, the chances of 
having CHL tended to be associated with 
lower BCS (p = 0.08), whereas higher odds 
of CHL (OR = 5.4; 95% CI 2.4-23.3) was 
observed in cows with PLE (Table 5). 

The finding regarding association 
between BCS and CHL is consistent with 
recent studies reporting significant BCS 
loss before (Sepúlveda-Varas et al., 2018; 
Stambuk et al., 2019) and after (Sepúlveda-
Varas et al., 2018) CHL incidence. Various 
changes occurring around calving that 
induces body condition loss has been linked 
to the increased risk of CHL (Bicalho et al., 
2009; Machado et al., 2010; Newsome et 
al., 2017a). Thickness of DC; a protective 
apparatus for the sensitive structures during 
limb loading, is reduced during body 
condition loss (Räber et al., 2006; Bicalho 
et al., 2009). Hence, thinner cows in the 
present study might be developed thinner 
DC; thus, reducing the protective function 
and increasing the chance of corium injury. 
Newsome et al. (2017b) showed that 
thinness of the DC, corium (soft tissues), and 
back fat thickness increased the likelihood 
of CHL lameness. However, CHL occurred 
independent of both parameters, indicating 
that thinness of the DC could result from 
other physiological changes (aside body 
fats) affecting the suspensory apparatus 
(Newsome et al., 2017b). 

Cows in the present study had positive 
association between PLE and CHL 
prevalence. The result is in agreement with 

that of Randall et al. (2015), where severe 
WLD and sole lesions were associated 
with increased risk of future lameness 
events. Likewise, Foditsch et al. (2016) 
demonstrated that cows affected with CHL 
in the previous lactation and those lame at 
drying off had greater risk of developing 
CHDL in the subsequent lactation. These 
events could be due to pathological changes 
in the claw capsule resulting from similar 
lesion type during previous lactations. 
The relapse of such lesions in subsequent 
lactation was mostly reported during the 
high risk period for lameness (Foditsch et al., 
2016). For instance, the claw affected with 
CHDL had significant bone development 
that majorly influences the locomotion 
score in the future (Newsome et al., 2016). 
Our finding supports the suggestion linking 
lifetime lameness history and future risk of 
CHL.

Both overgrown claw and BDI were 
not associated with CHL. The different 
floor designs and herd cleanliness might 
contribute to such finding, since these factors 
mediate the growth and wear of hoof horn 
tissues (Alsaaod et al., 2017). Moreover, 
normal claw length was considered as a 
criterion for cow enrollment. BDI frequently 
results from poor stall designs and lying 
surfaces that are unfavorable to cow welfare 
(Cook et al., 2016). The lack of association 
between BDI and CHL prevalence could 
be the low severity of horn lesions and 
similarity in stall designs in the studied 
farms. Severity of lesions might not be 
sufficient to induce prolonged lying down 
time and onset of BDI. Likewise, factors 
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relating to stall designs differ in their impact 
on CHL and BDI in dairy herds (Adams et 
al., 2017; Cook et al., 2016). 

Limitations inherent in this study are 
well identified. The findings in this study 
are specific to cows kept in free-stalls 
with no access to outdoor grazing. The 
management system was selected based on 
reports of increased risk of lameness and 
claw pathologies in confined cows. Though 
the analysis was carried out at cow level, 
a larger sample size might have provided 
higher chances of obtaining significant 
associations between lameness and other 
explanatory variables. Other factors such 
as herd hygiene and handling of the animals 
by farm staff might influence some of 
the findings, despite selecting the farms 
based on similar management routines and 
practices. Longer observational period and 
inclusion of other vital ABWMs for further 
elucidation of factors associated with 
lameness occurrence could be considered 
in future studies. 
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