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ABSTRACT

Adequate cubicle dimensions are important for dairy 
cows to allow for species-appropriate lying behavior. 
Even though cow body size has increased in the last 2 
decades, the cubicle dimensions of housing systems built 
many years ago have not been adjusted on most farms. 
Therefore, cows may be impaired in their lying behav-
iors, and thus the present study aimed to determine the 
influence of the ratio of body size to cubicle dimension 
on lying behavior and joint lesions. We investigated the 
lying behavior of 144 cows with withers heights of 140 
to 163 cm on 8 Swiss dairy farms. Among the farms, 
the cubicle bed length varied from 187 to 200 cm and 
lunge space length varied from 47 to 202 cm. Specific 
behaviors of lying down and standing up movements, 
as well as lying positions, were observed on 3 d per 
farm. As outcome variables, the occurrences of these 
behaviors were calculated as proportions in relation to 
the respective total number of observations per cow. 
In addition, the presence of joint lesions was scored 
once. Data of the individual cows were analyzed in rela-
tion to the given cubicle dimensions on the farms by 
mixed-effects models. The bed length ratio [bed length 
(cm) on the farm/withers height (cm) of the observed 
cow] and the lunge space ratio [lunge space length (cm) 
on the farm/withers height (cm) of the observed cow] 
were used as explanatory variables. An increase in the 
bed length ratio was associated with decreased propor-
tions of lying down movements with (1) repeated head 
pendulum movements, (2) repeated stepping with front 
legs, and (3) hitting against cubicle elements; decreased 
proportions of standing up movements with (1) shifting 
backward, (2) hesitant head lunge movements, and (3) 
hitting against cubicle elements; and an increased pro-
portion of lying positions without physical contact with 

cubicle elements. An increase in the lunge space ratio 
was associated with a decreased proportion of standing 
up movements with sideways directed head lunge move-
ments. Furthermore, an increase in the bed length ratio 
decreased the proportion of cows with tarsal joint le-
sions. To summarize, the lying behavior of large-framed 
cows was clearly modified given the cubicle dimensions 
in use on the study farms. In view of the consistency 
of the obtained results, we recommend adjusting the 
dimensions of cubicles so that they are suitable for cows 
whose body size meets the breeding goals of the farm.
Key words: withers height, bed length, lunge space 
length, lying down and standing up movement

INTRODUCTION

In contrast to pasture or husbandry systems with 
deep litter, cubicles provide restricted space for recum-
bency. The dimensions of cubicles are determined by 
the fixed cubicle elements, including the curb board, 
brisket board, neck rail, front rail (or wall), and parti-
tions. These elements control the cows’ positions during 
standing and lying to keep the bed surface and animals 
clean (Fregonesi et al., 2009). Cubicle dimensions are 
a compromise between correctly positioning the cows 
and ensuring their comfort. Consequently, cubicle ele-
ments restrict cows in their lying position and in their 
freedom of movement during lying down and standing 
up movements. However, the extent of the restriction 
is determined by the relationship between the cubicle 
dimensions and the body size of the individual cow.

Different aspects of lying behavior have been used to 
assess cubicle design factors. A commonly used indica-
tor is time spent lying down (Haley et al., 2000; Gygax 
et al., 2005; O’Driscoll et al., 2009). However, daily 
lying duration is also influenced by cow-individual fac-
tors such as parity (Westin et al., 2016), DIM (Bewley 
et al., 2010), BCS (Westin et al., 2016), rank (Galindo 
and Broom, 2000), or health [e.g., lameness (Weigele 
et al., 2018), mastitis (Siivonen et al., 2011), or joint 
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lesions (Charlton et al., 2016)]. In contrast, lying down 
and standing up movements are performed according 
to innate movement patterns (Lidfors, 1989). Nonethe-
less, these patterns may change in unsuitable housing 
conditions (Kämmer and Schnitzer, 1975; Ceballos 
et al., 2004). When subjected to severe space restric-
tions, cows may show non-species-specific lying down 
and standing up movements as they first lower their 
hindquarters before dropping onto their carpal joints 
(“dog-sitting”) when lying down, or first raise their 
forequarters before rising from the tarsal joints (“horse-
like”) when standing up (Lidfors, 1989). However, 
even under less severe space restrictions, cows may 
still show changed movement patterns. For example, 
Haley et al. (2000) found that cows kept in tiestalls 
showed more interrupted attempts at lying down and 
performed more investigation of the lying area, such as 
repeated sweeping head movements while sniffing the 
ground before lying down, when compared with cows 
kept in loose housing. Kämmer (1981) reported that 
unsuitably designed cubicles cause repeated stepping 
in place as the cows change the weight on their forelegs 
while initiating lying down movements. Moreover, if 
cubicles provided insufficient lunge space for a smooth 
and straight forward directed head lunge for standing 
up, Kämmer and Tschanz (1975) observed 2 types of 
altered movement patterns: either the animals lifted 
their heads straight upward in the intermission phase of 
the standing up movement, resulting in a hesitant or re-
peated head lunge movement, or they directed the head 
lunge sideways. Accordingly, shifting backward before 
or during standing up, presumably to gain more lunge 
space, has also been used as an indicator of inappropri-
ate cubicle design (Potterton et al., 2011). Finally, the 
cows’ positions during recumbency is also affected by 
the cubicle dimensions as well as the position of the cu-
bicle elements. If the cubicle design is inadequate, the 
cow is more likely to come into contact with the curb 
board, the brisket board, or the partitions while in the 
recumbent position. Accordingly, the presence of a curb 
board increases the risk for tarsal joint lesions (Weary 
and Taszkun, 2000; Fulwider et al., 2007), but the 
occurrence of lesions decreases with a larger distance 
between neck rail and curb board (Zaffino Heyerhoff et 
al., 2014). Similarly, Kielland et al. (2009) reported an 
increased risk of tarsal and carpal joint lesions in cows 
when the cubicle length was too short.

In the last 2 decades, the body size of dairy cows has 
increased considerably due to breeding for higher feed 
intake and milk production (Sieber et al., 1988; Schön-
muth and Löber, 2006). As an example, the average 
height of the Swiss Holstein population (Holstein and 
Red Holstein cows from the third lactation onward) 

increased by 6.3 cm, from 144.3 cm in 1996 to 150.6 cm 
in 2011, and the largest 10% of cows of the population 
in 2011 had an average height of 156.0 cm (Swissherd-
book, Zollikofen, Switzerland, unpublished data). Ger-
man Holstein cows increased in height by 8%, or 11 cm, 
between 1988 and 2005 (Rudolphi, 2008).

The actual space availability for individual cows is 
strongly dependent on their body size in relation to 
the given cubicle dimensions. Consequently, when the 
cubicle dimensions of housing systems built many years 
ago have not been adjusted to the increase in body size, 
large-framed cows have less space available than the 
smaller cows of the past. The aim of the present study 
was to examine the lying behavior and the presence 
of lesions at the carpal and tarsal joints of dairy cows 
of varying body size in relation to the given cubicle 
dimensions on 8 farms.

MATERIALS AND METHODS

Study Population

The study was conducted between May and July 
2017 on 8 dairy farms in Switzerland. The farms par-
ticipated voluntarily and were recruited through per-
sonal contacts. Farmers were contacted and asked if 
they were interested in participating and if their herd 
had a sufficient number of cows (10 or more) with a 
withers height between 140 and 150 cm and >150 cm. 
If so, the farms were visited to ensure that the housing 
systems in general and the cubicles in particular were 
in accordance with the Swiss animal welfare legislation 
(FSVO, 2008).

The farms’ housing systems provided both wall-facing 
and head-to-head deep-bedded cubicles (≥1 cubicle per 
cow). Bedding materials were based on a lime–straw 
mixture and had a depth of 6 to 16 cm (mean ± SD 
= 10.9 ± 3.7). The cubicles were maintained (i.e., re-
moving feces and leveling of bedding material) 2 or 3 
times daily. The herds consisted of 45 to 120 (mean 
± SD = 64.1 ± 24.8) hornless lactating cows of the 
breeds Brown Swiss, Holstein-Friesian, Red Holstein, 
Fleckvieh, and their crossbreeds.

Ethical approval for the study was obtained from the 
Veterinary Office of the Canton Thurgau (Switzerland; 
TG01/17, Approval No. 28874), and the entire data 
collection was performed by 1 person (N. Dirksen). 
Based on a visual health assessment and consultation 
with the farmers, only cows in good general condition 
and without signs of lameness or mastitis participated 
in the study. On each farm, 6 to 10 cows with a withers 
height >150 cm were selected as focus animals, along 
with an equivalent number of cows with a withers height 
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in the range of 140 to 150 cm (Table 1). The number 
of focus animals varied because some herds had fewer 
than 10 cows with a height >150 cm. In total, data 
were collected from 144 cows (mean ± SD = 18.0 ± 2.8 
cows/farm), including 51 Brown Swiss (withers height 
140–156 cm) on 5 farms, 52 Holstein-Friesian (142–163 
cm) on 6 farms, and 41 Red Holstein or Fleckvieh or 
their crossbreeds (141–158 cm) on 7 farms. Detailed 
data on the variation in body size dependent on the 
breed are shown in Supplemental Figure S1 (https: / / 
doi .org/ 10 .3168/ jds .2019 -16464).

Cow Body Size and Cubicle Dimensions

Measurements of cow body size and cubicle dimen-
sions were taken on the day before the behavioral obser-
vations started on the respective farm. These measure-
ments formed the basis for calculating the explanatory 
variables (see “Data and Statistical Analyses” below).

Each cow’s withers height, diagonal trunk length 
(shoulder point to pin bone), and rump width (hook 
bone to hook bone) were measured (Table 1; Supple-
mental Figure S1; https: / / doi .org/ 10 .3168/ jds .2019 
-16464) by hand using a common cow stick measure. 
Measurements were taken when the cow was standing 
with its legs square and head up such that the intercor-
nual protuberance (protuberantia intercornualis) was 
on the level of the withers. For this purpose, the cows 
were fixed in the headlock of the feed fence (7 farms) 
or held with a cow rope halter (1 farm). The cows were 
individually marked with animal marking spray (Rai-
dex, Arndt Europadiscount, Hochdorf, Germany) for 
identification during direct observations.

Cubicle dimensions were taken using a laser distance 
measuring device (Leica DISTO A8, Leica Geosystems 

AG, Heerbrugg, Switzerland). On each farm, 5 wall-
facing cubicles and 5 head-to-head cubicles distributed 
across the barn were randomly selected for measure-
ments. The measured values for each cubicle type were 
averaged and used as the cubicle dimensions for the 
respective farms (Table 2).

Lying Behavior and Joint Lesions

The cows were observed directly between 0800 and 
1600 h on 3 consecutive days on each farm. The obser-
vation periods varied from 4.5 to 6 h/d, depending on 
the milking times on the farm and the pasture access 
on a given observation day. The observations of lying 
behavior, lying positions, and joint lesions served as the 
basis for calculating the outcome variables (see “Data 
and Statistical Analyses” below). The lying behavior 
was divided into 2 sets of models: one applied to vari-
ables used to quantify different aspects of lying down 
and the other to standing up movements.

Lying down and standing up movements of the cows 
were observed continuously (all event sampling; Martin 
and Bateson, 1993) according to the ethogram described 
in Table 3. The lying position of recumbent cows and 
the associated cubicle type were recorded every 20 min 
(scan sampling; Martin and Bateson, 1993; details in 
Table 4). This recording included whether the cow was 
lying without physical contact with cubicle elements or 
with physical contact with (1) the curb board, (2) the 
brisket board, or (3) the partitions.

The cows’ carpal and tarsal joints were examined for 
lesions while taking the measurements of cow body size. 
Each of the 4 joints was assigned a lesion score (scor-
ing system adapted from Norring et al., 2008); hair 
alterations or areas of hair loss (including calluses) were 
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Table 1. Measurements of the body size and the ratios of cubicle dimension to body size of the observed focus 
animals (n = 144); the bed length ratio and the lunge space ratios were used as explanatory variables in the 
statistical models

Measurement Mean (SEbetween-farms/SEwithin-farm, range)1

Withers height2 (cm) 149.3 (1.4/5.2, 140.0–163.0)
Diagonal trunk length (cm) 177.4 (0.9/6.8, 161.0–193.0)
Rump width (cm) 59.5 (0.7/3.8, 51.0–68.0)
Bed length ratio3 1.29 (0.02/0.04, 1.20–1.40)
Lunge space ratio, wall-facing cubicles4 0.52 (0.15/0.02, 0.35–0.75)
Lunge space ratio, head-to-head cubicles4 0.64 (0.49/0.03, 0.30–1.42)
1Means and between-farms and within-farm SE of the measurements for each body size and each ratio of 
cubicle dimension to body size were estimated using a linear mixed-effects model with the respective measure-
ment as the response variable, the intercept as the only fixed effect, and the farm as the random effect. Means 
were reflected by the model estimate of the intercept and the residual, and farm variation corresponded to the 
within- and between-farms SE.
2Cows with a withers height >150 cm (n = 72) and the equivalent number of cows with a withers height in the 
range of 140–150 cm (n = 72) were selected on each farm.
3Bed length (cm) on the farm divided by withers height (cm) of the observed cow.
4Lunge space length (cm) on the farm divided by withers height (cm) of the observed cow.

https://doi.org/10.3168/jds.2019-16464
https://doi.org/10.3168/jds.2019-16464
https://doi.org/10.3168/jds.2019-16464
https://doi.org/10.3168/jds.2019-16464
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scored as minor lesions, skin abrasions as moderate le-
sions, and enlarged lumps as severe lesions. If the lesion 
score of the left and right joint of a cow differed, the 
higher score was recorded for the respective type of 
joint.

Data and Statistical Analyses

Statistical analyses were conducted in R (version 
3.5.2; R Core Team, 2017).

Determination of Explanatory Variables. To 
reduce the number of variables describing cow body 
size and cubicle dimensions and to determine a small 
set of explanatory variables for the statistical analyses, 
principal component analyses (PCA; for a description 
of the application of the method see Abdi and Williams, 
2010) were applied. The PCA for the measurements 
of cow body size showed that withers height, diagonal 
trunk length, and rump width loaded strongly on the 
first principal component, which explained 75.2% of the 
variance (all with loadings ≥ 0.55). The withers height 
was selected as the representative measurement for cow 
body size because it is widely used in practice.

The PCA for the measurements of cubicle dimen-
sions showed that they loaded strongly on the first 2 
principal components, which together explained 71.8% 
of the variance (principal component 1: total cubicle 
length, lunge space length, neck rail location, front rail 
height with loadings ≥ 0.44; principal component 2: 
bed length, cubicle width, neck rail height with load-
ings ≥ 0.52). The lunge space length and bed length 
were selected as the representative measurements for 
cubicle dimensions.

To analyze the effects of the withers height of an 
individual cow in relation to a given bed length and 
lunge space length found on the different farms (i.e., 
to represent the actual space available to each cow), 3 
explanatory variables were calculated (Table 1):

• Bed length ratio = bed length (cm)/withers height 
(cm). For example, a bed length of 195 cm corre-
sponds to a ratio of 1.39 for a cow with a withers 
height of 140 cm, a ratio of 1.30 for a cow with 
150 cm, and a ratio of 1.22 for a cow with 160 cm.

• Lunge space ratio = lunge space length (cm)/
withers height (cm) calculated for wall-facing 
cubicles. For example, a lunge space length of 75 
cm corresponds to a ratio of 0.54 for a cow with a 
withers height of 140 cm, a ratio of 0.50 for a cow 
with 150 cm, and a ratio of 0.47 for a cow with 
160 cm.

• Lunge space ratio = lunge space length (cm)/
withers height (cm) calculated for head-to-head 
cubicles.
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Analyses of the Outcome Variables. The effects 
of the continuous explanatory variables (bed length 
ratio, lunge space ratio, and their interaction) on the 
outcome variables were analyzed using linear mixed-
effects models and generalized linear mixed-effects 
models (lmer and glmer, package lme4; Bates et al., 
2015; Table 4). Model assumptions (normal distribu-
tion, homoscedasticity) were checked by graphical 
analysis of the residuals, and the outcome variables 
were transformed if necessary (Table 4). P-values 
were calculated using a parametric bootstrap (PB-
modcomp, package pbkrtest; Halekoh and Højsgaard, 
2014) with 1,000 samples. The interaction between 
bed length ratio and lunge space ratio never reached 
a low P-value (P = 0.064). Therefore, the interaction 
was dropped from all models, and the models pre-
sented are main-effects models including bed length 
ratio and lunge space ratio (Table 4) as the sole ex-
planatory variables.

For lying down movements, standing up movements, 
and lying positions, observations were summarized per 
cow and separately for wall-facing and head-to-head 
cubicles. The relative proportion of each movement or 
position, as defined in the ethogram (Table 3), was cal-
culated in relation to the total number of observations 
(Table 4). For example, the proportion of hesitant head 

lunge movements was calculated in relation to the cow’s 
total number of standing up movements, separately for 
wall-facing cubicles and head-to-head cubicles. Accord-
ingly, each cow provided 2 data points per outcome 
variable. To account for this approach, the random ef-
fect included the cow nested in the farm (for variance 
components, see Table 4). Each cow in each cubicle type 
had a different number of total observations of lying 
down movements, standing up movements, and lying 
positions on which the outcome variables were based. 
Therefore, each data point was weighed by the number 
of total observations used to calculate the respective 
outcome variable (using the parameter weights; Bates 
et al., 2015).

For lesions on carpal and tarsal joints, each cow 
provided 1 data point per outcome variable. Here, the 
fixed effects in the full models included the bed length 
ratio of head-to-head cubicles (numeric), the lunge 
space ratio of wall-facing cubicles (numeric), and the 
lunge space ratio of head-to-head cubicles (numeric) 
as main effects, as well as the interactions of the bed 
length ratio with each of the lunge space ratios. This 
selection was made due to the great differences in the 
cow-specific lunge space ratios for wall-facing and head-
to-head cubicles, whereas the bed length ratios varied 
only marginally between the 2 cubicle types (Table 2). 

Dirksen et al.: ADJUSTING CUBICLE DIMENSIONS TO COW BODY SIZE

Table 3. Ethogram of observed movements during lying down and standing up

Item  Behavior  Definition

Lying down movements Species-specific lying down movement1 (yes/
no)

Cow first drops onto carpal joints and then lowers 
hindquarters

Termination of lying down movement (yes/
no)

Carpal joints touch the ground, but the lying down 
movement is then terminated by raising from the carpal 
joints

Repeated head pendulum movements (yes/
no)

Head lowered and sweeping sideways (while sniffing the bed 
surface) more than 2 times before the lying down movement

Repeated stepping with front legs (yes/no) Stepping in place with front legs more than 2 times before 
the lying down movement

Repeated stepping with hind legs (yes/no) Stepping in place with hind legs more than 2 times before 
the lying down movement

Pawing (yes/no) Pawing with front leg just before the lying down movement
Hitting against cubicle elements (yes/no) Physical contact with cubicle elements (e.g., front rail, neck 

rail, partitions) during the lying down movement
Standing up movements Species-specific standing up movement2 

(yes/no)
First lifting hindquarters during a smooth forward head 
lunge movement and then raising from carpal joints

Termination of standing up movement (yes/
no)

Hindquarters lifted from the ground, but the standing up 
movement is then terminated by lowering the hindquarters 
(to the same or other side of the body)

Shifting backward (yes/no) Shifting the body backward before or during standing up
Hitting against cubicle elements (yes/no) Physical contact with cubicle elements (e.g., front rail, neck 

rail, partitions) during the standing up movement
Head lunge movement hesitant (yes/no3) Hesitant, interrupted, or repeated motion of the head during 

the head lunge movement
Head lunge movement directed sideways 
(yes/no4)

Head lunge movement is directed sideways by bending the 
head and neck to the side

1A lying down movement was non-species-specific if the cow first lowered the hindquarters and then the forequarters (“dog-sitting”).
2A standing up movement was non-species-specific if the cow first raised the forequarters and then the hindquarters (“horse-like”).
3No = the head lunge movement was carried out smoothly and with a continuous motion of the head.
4No = the head lunge movement was directed straight forward.
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The random effect included the farm (for variance com-
ponents, see Table 4).

RESULTS

In total, 703 lying down movements (mean ± SD 
= 5.06 ± 1.93/cow) and 655 standing up movements 
(mean ± SD = 4.71 ± 1.97/cow) were observed in 142 
cows (2 individuals were never observed during lying 
down and standing up movements). In addition, 3,161 
lying positions (mean ± SD = 21.95 ± 9.80/cow) and 
joint lesions were recorded in 144 cows.

Lying Down Movements

Overall, all 703 (100%) of the observed lying down 
movements were species-specific and 1/703 was ter-
minated. Within the range of the cubicle dimensions 
recorded, an increase in the bed length ratio was as-
sociated with a decreased proportion of repeated head 
pendulum movements (Figure 1A), repeated stepping 
with front legs (Figure 1B), and hitting against cubicle 
elements (Figure 1C) by as much as 35.59%, 20.95%, 
and 30.32%, respectively, whereas an effect of the lunge 
space ratio on these behaviors was not statistically sup-
ported (Table 4). An increase in the lunge space ratio 
was associated with an increased proportion of repeated 
stepping with hind legs by up to 18.76%, whereas an 
effect of the bed length ratio on this behavior was not 
statistically supported (Table 4).

Standing Up Movements

Overall, 640/655 (98%) of the observed standing 
up movements were species-specific and 1/655 was 
terminated. An increase in the bed length ratio was 
associated with a decreased proportion of cows shift-
ing backward by as much as 32.27% and a decreased 
proportion of hitting against cubicle elements (Figure 
1D) or hesitant head lunge movements (Figure 1E) by 
as much as 32.05% and 33.29%, respectively, whereas 
an effect of the lunge space ratio on these behaviors 
was not statistically supported (Table 4). An increase 
in the lunge space ratio was associated with a decreased 
proportion of sideways directed head lunge movements 
(Figure 1F) by as much as 54.77%, whereas an effect of 
the bed length ratio on this behavior was not statisti-
cally supported (Table 4).

Lying Position

An increase in the bed length ratio was associated 
with an increased proportion of lying without physical 
contact with cubicle elements (Figure 2A) by up to 

55.91% (Table 4). Consequently, an increase in the bed 
length ratio was associated with a decreased propor-
tion of lying with physical contact with the curb board 
(Figure 2B) or the partitions by as much as 41.07% 
and 12.82%, respectively (Table 4). An effect of the 
lunge space ratio on the observed lying positions was 
not statistically supported (Table 4).

Joint Lesions

The proportion of cows with moderate and severe 
lesions was low (carpal joints: 10/144 = 7% and 7/144 
= 5%, respectively; tarsal joints: 19/144 = 13% and 
1/144 = 1%, respectively). Therefore, minor, moderate, 
and severe lesions were combined and the presence or 
absence of lesions at each type of joint was analyzed. 
An effect of the bed length ratio on the presence of 
carpal joint lesions (Figure 3A) was not statistically 
supported, whereas an increase in the bed length ratio 
was associated with a decreased presence of tarsal joint 
lesions (Figure 3B) by as much as 40.76% (Table 4). An 
effect of the lunge space ratio of wall-facing or head-
to-head cubicles on joint lesions was not statistically 
supported (Table 4).

DISCUSSION

In general, the cubicle dimensions on the farms in the 
present study were sufficiently large for the cows up to 
163 cm withers height to perform species-specific lying 
down and standing up movements. Non-species-specific 
movements were observed only for standing up events 
and only in 15/655 (2%) of the cases. However, the bed 
length ratio substantially affected the behavior during 
lying down and standing up, the cow’s lying position, 
and the presence of lesions at the tarsal joints. More-
over, the lunge space ratio affected the proportion of 
sideways directed head lunge movements during stand-
ing up movements. The observed effects were consistent 
between farms despite the large variation in cubicle size 
and design between farms (seen in the model estimates, 
95% confidence intervals, and P-values). They were 
also consistent across the different breeds. We found no 
indication that the breeds of our study differed in the 
variation of the body size measurements (Supplemental 
Figure S1; https: / / doi .org/ 10 .3168/ jds .2019 -16464), 
although we had expected to see differences in body 
proportions (e.g., differing body widths at the same 
withers height).

An increase in the bed length ratio was associated 
with a decreased proportion of lying down movements 
with repeated head pendulum movements and repeated 
stepping with front legs. Repeated head pendulum move-
ments are considered to reflect hesitation by the animal 
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Figure 1. Proportion of (A) repeated head pendulum movements, (B) repeated stepping with front legs before lying down movements, (C) 
hitting against cubicle elements during lying down movements, (D) hitting against cubicle elements during standing up movements, (E) hesitant 
head lunge movements in dependence of the bed length ratio, and (F) head lunge movements directed sideways for standing up movements in 
dependence of the lunge space ratio. Data of individual cows in wall-facing cubicles (□) and head-to-head cubicles (∆) are shown in addition to 
model estimates (solid line) with 95% CI (dashed lines).
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to lie down due to a lack of housing comfort (Haley et 
al., 2000) and were reported as being more frequent 
in smaller compared with larger cubicles (Hörning and 
Tost, 2001). Repeated stepping in place rarely occurs 
on pasture; however, in cubicles, it may be induced 
by insufficient space or past painful experiences when 
lying down (Kämmer, 1979) and was observed more 
frequently in larger compared with smaller cows (Gi-
siger, 2003). Moreover, the proportion of cows shifting 
backward before or during standing up decreased with 
an increase in the bed length ratio. Shifting backward, 

which means that the pelvis must be moved with a 
larger stoop and more effort than normal (Hoffmann 
and Rist, 1975), indicates inappropriate cubicle design 
(Potterton et al., 2011).

The proportion of hitting against cubicle elements, 
which is assumed to be potentially painful for the ani-
mals (Kämmer, 1979), also decreased with an increase 
in the bed length ratio during both standing up and 
lying down movements. This finding is in line with 
previous studies on dairy cows and finishing bulls that 
showed this behavior more often in smaller compared 

Dirksen et al.: ADJUSTING CUBICLE DIMENSIONS TO COW BODY SIZE

Figure 2. Proportion of lying positions (A) without physical contact with cubicle elements and (B) with physical contact with the curb board 
in dependence of the bed length ratio. Data of individual cows in wall-facing cubicles (□) and head-to-head cubicles (∆) are shown in addition 
to model estimates (solid line) with 95% CI (dashed lines).

Figure 3. Presence of (A) carpal joint lesions and (B) tarsal joint lesions in dependence of the bed length ratio. Data of individual cows 
(○) are shown in addition to model estimates (solid line) with 95% CI (dashed lines), as well as the proportion of cows with lesions for the bed 
length ratios of 1.200–1.249, 1.250–1.299, 1.300–1.349, and 1.350–1.420 (gray bars).
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with larger cubicles (Kämmer and Tschanz, 1975; 
Hörning and Tost, 2001; Gygax et al., 2005).

The head lunge is crucial for standing up move-
ments and is usually carried out smoothly and directed 
straight forward (Kämmer and Schnitzer, 1975). In 
cubicle housing systems, Gygax et al. (2005) found a 
decrease in hesitant head lunge movements following an 
enlargement of the total cubicle length. Accordingly, in 
the present study, an increase in the bed length ratio 
was associated with a decreased proportion of hesitant 
head lunge movements. By contrast, an effect of the 
lunge space ratio was not statistically supported, which 
possibly reflected that the cows were able to direct the 
head lunge sideways (Bickert and Smith, 1998). In fact, 
the proportion of sideways directed head lunge move-
ments decreased with an increase in the lunge space 
ratio. Lateral head lunge movements, which can lead 
to tension in the neck muscles, are an adaptation to 
insufficient lunge space and are rarely performed on 
pasture (Kämmer and Schnitzer, 1975). These results 
emphasize the importance of an adequate lunge space. 
In the present study, sideways directed head lunge 
movements occurred only in wall-facing cubicles and 
in head-to-head cubicles with a front rail height below 
85 cm. This finding indicated that the lunge space in 
the wall-facing cubicles was insufficient on the study 
farms and that an appropriate modification would be 
to position the front rail in head-to-head cubicles at a 
height of at least 85 cm above the bed surface.

An increase in the bed length ratio was associated 
with an increased proportion of observations of lying 
positions without physical contact with cubicle ele-
ments. Nonetheless, even with a bed length ratio of 
1.4, the estimated proportion reached only 79.51%; this 
finding emphasizes the importance of an adequate bed 
space (Bickert and Cermak, 1997; Cook and Nordlund, 
2009). Potterton et al. (2011) identified cubicle designs 
in which cows come into contact with the cubicle ele-
ments during recumbency as a risk factor associated 
with hair loss, ulceration, and swelling at the tarsal 
joints. Accordingly, an increase in the bed length ratio 
was associated with decreased proportions of lying with 
physical contact with the curb board and the presence 
of tarsal joint lesions. Similarly, tarsal joint lesions 
were found more frequently in cubicles with shorter 
bed lengths and in larger cows (Kielland et al., 2009). 
Conversely, an effect of the bed length ratio on car-
pal joint lesions was not statistically supported, even 
though lesions were evident in 60% of the cows. This 
finding is supported by the generally low proportion of 
lying with physical contact with the brisket board, and 
suggests that the occurrence of carpal joint lesions was 
probably due to other causes, such as falling on slippery 
floors (Zaffino Heyerhoff et al., 2014).

To summarize, the bed length ratio strongly affected 
the cows’ lying down and standing up movements, their 
lying positions, and the presence of lesions at the tarsal 
joints. However, enlarged cubicle dimensions can have 
negative effects on the cleanliness of the bed surface 
and, accordingly, of the animals (Tucker et al., 2004; 
Martiskainen et al., 2007). Plesch and Knierim (2012) 
also reported an increase in teat soiling with increas-
ing cubicle length, which possibly increases the threat 
of bacterial infections and the risk of clinical mastitis 
(Schreiner and Ruegg, 2003). Consequently, the di-
mensions of cubicles remain a matter of compromise 
between function (i.e., controlling the cows’ positions 
and cleanliness) and cow comfort, particularly in herds 
with highly heterogeneous body sizes. Therefore, future 
research should also consider management-related fac-
tors to define practice-appropriate cubicle dimensions.

In conclusion, large-framed cows were restricted to 
a greater extent during lying down and standing up 
movements as well as in the recumbent position than 
smaller cows under the given cubicle dimensions. In 
view of the consistency of the obtained results, we rec-
ommend adjusting cubicles dimensions to the increase 
in cow body size related to breeding goals.
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