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ABSTRACT

Lameness is a major welfare problem in the dairy 
industry. Environmental factors, such as flooring sur-
face, as well as cow-level factors, such as udder fill, 
can influence gait. The aim of the current study was to 
test whether motivation to walk affects gait attributes 
and whether this effect differs between lame and sound 
cows. We trained cows to walk down an alley for a 
food reward and assessed walking speed, stride length, 
head bob, and back arch of cows previously identified 
as either lame (n = 7) or sound (n = 10). Cows were 
assessed when they walked toward a food reward and 
toward no reward. Cows walked faster and had longer 
stride length and less variation in head bob when ap-
proaching the reward; these effects were similar in both 
sound and lame cows. We concluded that motivation to 
walk affects several gait attributes of dairy cows.
Key words: animal welfare, locomotion, behavior, 
quantitative gait assessment

Short Communication

Lameness is a major problem in the dairy industry 
(Barker et al., 2010; Solano et al., 2015), with an aver-
age herd-level prevalence of approximately 25% (Cook 
et al., 2016). Lameness causes pain (O’Callaghan et 
al., 2003; Laven, 2018) and results in economic losses 
(Ettema and Østergaard, 2006; Huxley, 2013). Reliable 
scoring systems are required to better identify, treat, 
and prevent lameness.

Various locomotion-scoring systems exist; each uses 
one or several measures related to body posture (e.g., 
back arch, head bob) and locomotion (e.g., tracking up, 
reluctance to bear weight; Manson and Leaver, 1988; 
Sprecher et al., 1997; Flower and Weary, 2006). En-
vironmental factors such as walking surface (Fjeldaas 
et al., 2011) can influence these measures, potentially 

leading to misclassification (Van Nuffel et al., 2016). For 
example, cows walking on slatted versus solid concrete 
flooring were on average assigned a worse locomotion 
score (Fjeldaas et al., 2011), cows had shorter strides 
and worse tracking up when walking on slatted con-
crete compared with compressed sand (Telezhenko and 
Bergsten, 2005), and cows walked faster and with lon-
ger strides on pasture compared with asphalt (Alsaaod 
et al., 2017). Weather conditions can also affect gait; 
for instance, in rainy and windy weather cows walked 
slower and with their head down and used shorter and 
more asymmetric strides (Van Nuffel et al., 2016).

Cow-level factors can also affect gait. For example, 
Blackie et al. (2011) reported that after calving, cows 
walked with increased arched back and stiffness, pos-
sibly due to pain in the hindquarters. Cows also walked 
faster toward a feed reward than toward an aversive 
treatment (Pajor et al., 2000). Flower et al. (2006) sug-
gested that the higher and longer strides displayed by 
cows after milking may be caused by their motivation 
to access fresh feed after milking. However, no work has 
directly assessed the effect of the motivation to walk on 
gait attributes. The aim of this study was to investigate 
the effect of motivation to walk on cow gait and to 
determine whether this effect differed between sound 
and lame cows. We hypothesized that when cows were 
more motivated to walk, they would walk faster, use 
longer strides, and show less back arch and head bob.

This experiment took place in November and Decem-
ber 2017 at the University of British Columbia’s Dairy 
Education and Research Centre in Agassiz, British Co-
lumbia, Canada. The University of British Columbia’s 
Animal Care Committee approved the experiment and 
all procedures (Protocol A15–0082).

During the training and testing periods (see next sec-
tions), experimental cows were housed in a freestall pen 
together with nonexperimental animals at 100% stock-
ing density. Thirty-six freestalls (1.2 × 2.4 m) were 
filled with 30 to 40 cm of washed river sand that was 
raked twice daily and were replenished with additional 
sand every other week. The feed barrier consisted of 
35 headlocks and 1 open feeding space, each providing 
60 cm of access to the feed. The concrete alleys were 
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scraped automatically 6 times/d and crossover alleys 
were cleaned manually twice daily when cows were gone 
for milking.

Cows were fed a TMR formulated following the 
National Research Council guidelines (NRC, 2001) to 
meet or exceed the requirements of a 658-kg Holstein 
producing 39 kg of milk/d. The TMR consisted of 30% 
corn silage, 39% concentrate mash, 20% alfalfa hay, 6% 
grass haylage, 3.5% low concentrate mash, 1.5% grass 
hay, and 0.7% wheat straw on a DM basis and was 
available ad libitum. Fresh feed was delivered between 
0530 and 0600 h and between 1530 and 1600 h; leftover 
feed was removed at approximately 0530 h. Animals 
were milked in a double-12 parallel milking parlor be-
tween 0600 and 0700 h and between 1500 and 1600 h.

Twenty-six pregnant Holstein cows were randomly 
selected from the main herd (average ± SD parity of 
sound cows = 2.7 ± 1.1 and lame cows = 3.1 ± 1.3; 
average ± SD DIM of sound cows = 216 ± 85 and 
lame cows = 249 ± 86; average ± SD BCS of sound 
cows = 3.6 ± 0.7 and lame cows = 3.2 ± 0.5). Cows 
were gait scored live using the procedure described by 
Flower and Weary (2006) and categorized as sound 
(i.e., score <3) or lame (i.e., score 3 or 4). For animal 
welfare reasons, we did not include any cows with a gait 
score of 5. Cows were selected, trained, and tested in 
2 groups, both including a mixture of lame and sound 
cows (group 1, n = 15 and group 2, n = 11). The 2 
groups were tested 14 d apart.

During training cows were made familiar with the 2 
treatments. Cows were individually taken out of their 
home pen between 1100 and 1400 h and gently encour-
aged to walk to the end of an alley (20 × 3 m; 1.1 m 
wide) adjacent to their home pen. At the end of the 
alley, a red bucket filled with grain (Standard Distiller’s 
grain mash, Hi-Pro, Chilliwack, BC, Canada; consisting 
of 87.8% DM, 21.0% CP, 4.4% crude fat, 7.8% ADF, 
19.6% NDF, 26.4% starch, and 2.64 Mcal/kg ME on a 
DM basis) was provided as the positive treatment; the 
lack of a bucket was used as control treatment. Each 
training session consisted of 2 laps of each treatment for 
each cow. The first treatment for each cow was random-
ized on the first day of training and then reversed daily. 
Training sessions were video recorded (Sony Handycam 
HDR-CX560V, San Diego, CA) and recordings were 
used to measure the walking speed of each lap (details 
provided below). Cows were considered trained when 
for 3 consecutive training days (1) they had a higher 
average walking speed during the positive than the con-
trol treatment, (2) the speed in the positive laps was 
never lower than the average speed in the control laps 
(+2 SD) and, 3) the speed in the control laps did not 
exceed the average speed in the positive laps (−2 SD). 
Of the initial 26 cows, 8 cows from group 1 and 9 cows 

from group 2 met the training criteria and entered the 
test phase of the experiment. Of these 17 test animals, 
10 were categorized as sound and 7 as lame.

In the test phase, each cow was tested for 2 to 5 con-
secutive days using the same procedure as described in 
the training phase. If a cow failed to walk in a straight 
line, stopped, stumbled, slipped, ran, defecated, or uri-
nated, the lap was considered unsuccessful. All cows 
had to complete 1 successful lap per treatment during 
2 test sessions; each cow was given a maximum of 2 
attempts per treatment during each session. All cows 
were video recorded from their left side using a video 
camera (Sony Handycam HDR-CX560V) placed at a 
distance of 3.5 m perpendicular to the walking alley. If 
a cow completed 2 laps per treatment in one session, 
the best lap of the treatment (i.e., the lap in which the 
cow showed least evidence of disturbance and walked 
faster) was selected and used for the analysis.

Cows were gait scored live for initial selection, and 
then rescored from video to provide a final gait score 
reported below. A trained observer, blind to the treat-
ment, assigned gait score from video recordings follow-
ing Flower and Weary (2006). Four gait scores were 
obtained per cow (i.e., 2 test days and 2 treatments). 
All sound cows had gait score 2. Of the lame cows, 6 
cows had gait score 3 and 1 cow had gait score 4. For 
all cows but 1, the gait score remained the same in all 
4 laps. For the 1 cow that was assigned 2 different gait 
scores, the median score was assigned. Interobserver 
reliability was scored by comparing 20 videos scored 
independently by the main observer and a second 
trained observer. Intraobserver reliability was scored 
after every 80 videos by comparing 10 to 15 videos 
scored twice by the main observer. Cohen’s kappa was 
0.77 for interobserver reliability and was always >0.60 
for intraobserver reliability.

To assess walking speed, the time to walk between 
2 poles spaced 7.35 m apart was recorded. To measure 
stride length, a snapshot was taken using a VLC media 
player (2.2.6 Umbrella, VideoLAN, Paris, France) of 
each moment that a hoof landed on the floor, after 
which the placement of each hoof landing was marked 
using Adobe Photoshop CS6 (Version 13.0 x64, Adobe 
Systems, San Jose, CA; see Appendix Figure A1). To 
measure stride length, the horizontal distance between 
each consecutive hoof strike of the same hoof (Flower 
et al., 2006) was measured using ImageJ (ImageJ 
1.51s, Wayne Rasband, National Institutes of Health, 
Bethesda, MD).

A 1.9-m subsection of the alleyway was fitted with 
a wooden backdrop (1.2 m high); this provided a solid 
surface to facilitate the measurements of the back arch 
and head bob. The back arch area was calculated us-
ing the procedure described by Stojkov et al. (2015) 
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and defined as the space between 2 lines that connect 
the thoracic vertebra with the longest dorsal spine (A) 
and the lumbo-sacral junction (B; see Appendix Figure 
A2). Both points were marked using a livestock spray 
(Tell Tail animal marker, GEA, Mt Maunganui, New 
Zealand) on the cows after the last training session to 
facilitate this measurement. The base of the semicircle 
(i.e., the shortest distance between A and B) was used 
to control for the difference in body size between cows. 
Using VLC media player, 4 screenshots were taken per 
lap, 1 for each time the cow landed 1 of her hooves in 
front of the camera. ImageJ was used to calculate the 
total surface of the back arch area of each screenshot.

To measure the head bob, a snapshot was taken each 
time the lower jaw of the cow was at its highest position 
and the time it was at its lowest position using VLC 
media player. Using the same procedure as for stride 
length, the head positions were marked in one photo 
using Adobe Photoshop CS6. Thereafter, using ImageJ, 
the difference in vertical distance between each adjacent 
head position was measured (see Appendix Figure A3).

Reliability was assessed by calculating the correla-
tion of 10 measures, taken independently by 2 trained 
observers. Interobserver reliability (as assessed via the 
R2) for walking speed, stride length, back arch, and 
head bob was 1.0, 0.96, 0.91, and 0.91, respectively. To 
calibrate measurements taken with ImageJ, a square 
(10 × 10 cm) drawing was placed in front of the camera 
at the beginning of each test day. We then correlated 
the real-life measurement with the number of pixels 
read by ImageJ of this picture. To check whether this 
calibration was successful, we then selected the whole 
square and checked whether the pixel count as provided 
by ImageJ corresponded to 100 cm2. If successful, this 
setting was then used for all the measurements taken 
that day.

The average stride length per leg was calculated and 
then used to calculate the average stride length of all 
legs. For 3 cows, the back arch could not be measured 
for 1 leg because one mark was not clearly visible in the 
video at the time that leg landed; for these cows, back 
arch was calculated as the average of the 3 remaining 
legs. The standard deviation of all head positions was 
calculated per lap; the head bob of 4 cows could not be 
measured during one lap due to a head position that 
was difficult to measure.

Data were analyzed using SAS (version 9.4, SAS 
Institute Inc., Cary, NC), specifying cow as the experi-
mental unit. Sample size was calculated using an online 
sample size calculator for paired data (Dhand and 
Khatkar, 2014). Based on data on walking speed and 
stride length of cows without sole ulcers from the study 
by Flower et al. (2006), 7 cows were needed based on 

stride length measurements (to detect a mean ± SD dif-
ference of 12.8 ± 8.7 cm), and 6 cows were needed based 
on walking speed measurements (to detect a mean ± 
SD difference of 0.19 ± 0.1 m/s) with a power of 0.8 at 
an α level of 0.05. The measures obtained for each cow 
(except for gait score) on both days for each treatment 
were averaged and used in the final analysis. Data were 
scrutinized using PROC UNIVARIATE. All variables 
except for head bob were normally distributed. The lat-
ter variable was log-transformed to normalize. A mixed 
model was used with treatment, lameness category (i.e., 
sound or lame), and treatment × lameness category as 
fixed effects and cow as random effect. The correlation 
between all 4 variables (speed, stride length, back arch, 
and head bob) was investigated using PROC CORR. 
Walking speed and stride length were highly correlated 
(r > 0.8). However, as our aim was to describe each gait 
attribute separately, we analyzed all variables. A weak 
correlation (i.e., all r < 0.54) was found between the 
other variables. Significance was accepted when P < 
0.05 and a trend was considered when P < 0.10.

As expected, cows walked faster when approaching 
the food reward compared with the control condition 
(F1,15 = 60.33, P < 0.001). In addition, lame cows 
walked slower than sound cows (F1,15 = 10.29, P = 
0.0059; Figure 1A). Cows approaching the reward also 
walked with a longer stride length (F1,15 = 53.86, P < 
0.001), and lame cows had shorter stride lengths than 
sound cows (F1,15 = 8.84, P = 0.0095; Figure 1B). Cows 
tended to show decreased back arch when approaching 
the reward (F1,15 = 3.20, P = 0.0938), and lame cows 
showed more back arch than sound cows (F1,15 = 7.26, 
P = 0.0166; Figure 1C). A lower standard deviation of 
the head location (i.e., lower head bob) was recorded in 
the food reward treatment (F1,15 = 4.63, P = 0.0480), 
and lame cows also showed more head bob than sound 
cows (F1,15 = 4.82, P = 0.0444; Figure 1D). No interac-
tions were significant.

When cows approached a grain-filled bucket, they 
walked faster and with longer strides. Pajor et al. 
(2000) and Van Nuffel et al. (2016) reported that cow 
motivation to walk toward feed or away from an aver-
sive stimulus affected variables such as the landing and 
lifting time of the cow’s legs, behaviors that collectively 
resulted in a higher walking speed.

Flower et al. (2006) reported that cows walked with 
longer and higher strides after milking and suggested 
that this change in gait might be either due to reduced 
udder distension after milking or because of the cows’ 
motivation to return to their home pen to access fresh 
feed. Feed motivation has been shown to influence walk-
ing speed in other animals including pigs (Souza da 
Silva et al., 2012), poultry (Bokkers and Koene, 2004), 
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sheep (Verbeek et al., 2011), and beetles (McIntyre and 
Wiens, 1999). These results indicate that motivation to 
walk affects gait.

Lameness is associated with walking speed (Zillner 
et al., 2018), potentially because lame cows increase 
their landing and lifting time as they try to place their 
affected hoof more carefully on the ground (Van De 
Gucht et al., 2017). Lame cows generally have shorter 
strides, resulting in more steps to pass through the 
same distance (Beer et al., 2016). In our study, lame 
cows walked slower and with shorter strides than sound 
cows. However, lame cows also increased their walking 
speed and stride length in the positive treatment, indi-
cating that motivation to walk could potentially mask 
lameness to some degree.

Back arch (i.e., the posture of the cows’ thoracic and 
lumbar vertebrae) is a key attribute used to detect 
lameness (Sprecher et al., 1997; Flower et al., 2005; 
García-Muñoz et al., 2016). In our study, cows moti-
vated to walk tended to show less back arch, potentially 

because of a more upright head position in anticipation 
of the food reward. Back arch was larger in lame cows.

Head bob is a result of unequal weight shifting be-
tween legs during walking (Nordlund et al., 2004; Van 
Nuffel et al., 2015). Head movement is described in 
horses as an increase in the vertical head movement 
when the affected leg lands (Keegan et al., 2001). When 
cows were more motivated to walk, the standard de-
viation of the head location was lower. This steadier 
head carriage may be related to the curvature of the 
spine, as a correlation between head position and back 
posture has been reported for horses (Lesimple et al., 
2016; Sénèque et al., 2018), although in our study the 
correlation between the head bob and back arch was 
low (i.e., r < 0.2).

We found that motivation to walk affected multiple 
gait attributes; cows walked faster, with longer stride 
lengths, and with less head bob when they were more 
motivated to walk (i.e., toward a food reward). These 
results illustrate the value of assessing more subtle 
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Figure 1. (A) Mean (± SE) walking speed, (B) stride length, (C) back arch area, and (D) standard deviation of the head position during the 
positive and control treatment and in lame (n = 7) and sound (n = 10) cows. *Indicates significance (P < 0.05); + indicates a trend (P < 0.1).
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changes in cow gait. We did not find an effect of moti-
vation on overall gait score. Given that we scored gait 
in whole units, it is possible that our measurement 
method was not sufficiently sensitive to detect an ef-
fect. We encourage further work using more sensitive 
scoring methods.
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APPENDIX

Mokhtarnazif et al.: SHORT COMMUNICATION: MOTIVATION TO WALK AFFECTS GAIT ATTRIBUTES

Figure A1. The landing places of one hoof (i.e., right front leg in this example) were marked in the same photo using Photoshop (Adobe 
Photoshop CS6, Adobe Systems, San Jose, CA); the arrow indicates the horizontal distance between 2 successive strides of the same leg.
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Figure A2. Two lines were drawn connecting the thoracic vertebra 
(A) and the lumbo-sacral junction (B), one tracing the curvature of 
the spine and the second a straight line connecting the two points; 
total back arch area was calculated as the area defined by these two 
lines.

Figure A3. The highest and lowest positions of the lower jaw were marked using Photoshop (Adobe Photoshop CS6, Adobe Systems, San 
Jose, CA); the arrow shows the vertical distance between 2 successive head positions.
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