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Abstract

Telezhenko E. 2007. Effect of flooring system on locomotion comfort in dairy cows:
aspects of gait, preference and claw condition. Doctor’s dissertation.
ISSN 1652-6880, ISBN 978-91-576-7375-6

The aim of the thesis was to study influence of different flooring systems on several aspects
of locomotion of dairy cows. To assess the gait on different floors, trackway analysis was
used. Cows walking on a hard, slippery surface had shorter strides, wider posture and
asymmetric steps. A hard, slippery surface resulted in stride shortening, wider posture and
asymmetric gait. Using soft rubber mats made gait patterns more similar to those on a
natural yielding surface such as sand. When cows with moderate lameness walked on
yielding surfaces their gait parameters associated with lameness were less pronounced than
on hard concrete surfaces.

Preference studies showed that the majority of cows preferred to walk and stand on soft
rubber flooring rather than on concrete flooring. However, lame cows within the group did
not show a stronger preference to walk on soft flooring than non-lame cows, presumably
due to lower social rank compared to healthy herd mates.

In order to assess the effects of long-term exposure to flooring systems differing in
hardness and abrasiveness installed in the walking and standing areas an experimental study
was carried out. Claw conformation, claw horn growth and wear rates, as well as static
weight and pressure distribution were evaluated. On a rougher flooring (mastic asphalt),
exaggerated wear, highest growth rate and a loss of sole concavity was seen, and most
weight was exerted to the sole area of the claws. When rubber-equipped feed-stalls were
used together with mastic asphalt in alleys cows showed reduced wear, positive net growth
and reduced loss of the concavity compared to cows housed on asphalt alley surfaces. In
comparison with asphalt flooring, rubber mats on the alleys resulted in lower growth and
wear rates, increased net growth, preserved sole concavity and the bulb and wall area of the
claw carried the most weight. Rubber mats together with little exposure to an abrasive
asphalt surface resulted in claw horn net growth rates similar to that observed on aged, low
abrasive concrete slatted floor.

It was concluded that soft flooring provides good locomotion comfort for dairy cows but
a moderate abrasion is also required to prevent claw overgrowth.
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“Cow protection to me is one of the most wonderful phenomena in human
evolution. It takes the human being beyond this species. The cow to me
means the entire sub-human world. Man through the cow is enjoined to

realize his identity with all that lives.”
Mahatma Gandhi, Young India, October 6, 1921

“PaccysicoeHust 0 mom, 4mo Koposa ecmv MAuuHa 018 0el1anbs MOIOKd,
OvLu el nodospumenvisl. Ell Ka3anocs, Ymo makoeo pooa paccyiHcoeHus

MO2ym mMOJIbKO Meuams X033ucmey ”.
Jles Toncmou, Auna Kapenuna, 1878

(“General principles, as to the cow being a machine for the production of milk,
she looked on with suspicion. It seemed to her that such principles could only be a
hindrance in farm management”. Leo Tolstoy, Anna Karenina, 1878, translated

by Constance Garnett)
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Paper I and II reproduced with kind permission from Elsevier BV and Journal of
Dairy Science, respectively.



Background

The dairy cows” freedom to express natural behaviour is generally considered to
be easier to meet in a loose housing system than in a tie stall system. Cubicle (free
stall) systems are becoming increasingly common in high-performing, expanding
dairy herds. From an animal well being perspective, the floor design is one of the
most critical aspects of loose housing systems because of its direct effect on the
cattle’s locomotor apparatus. Most walkways in cattle houses are made of concrete
because it is fairly durable and resistant to wear, has acceptable hygienic
characteristics and is relatively cheap. However, hardness, abrasiveness and
slipperiness of concrete floors have been regarded as risk factors contributing to
foot and leg lesions resulting in lameness (Webb & Nilsson, 1983; Bergsten &
Frank, 1996b; Somers, 2004). Lameness causes substantial cost for dairy
production both in terms of extra labour and veterinary treatment costs and also
output loss as decreased milk yield, weight loss, impaired fertility and involuntary
culling (Bennett et al., 1999). In addition, lameness is a sign of discomfort related
to the cow’s sensation of pain and is therefore an important welfare issue (Logue,
McNulty & Nolan, 1998). Furthermore, lame cows cannot cope with their
environment as well as their non-lame herd mates (Galindo & Broom, 2002) and
lameness dramatically changes social ranking, feed intake, sexual activity,
productive traits and longevity (Hassall et al., 1993; Albright & Arave, 1997).
Thus, as their care givers humans must pay more attention to lameness control and
prevention measures.

Improved flooring in dairy cow housing systems has received considerable
attention but only a few comprehensive studies on the effect of flooring materials,
available on the modern market, on the locomotor apparatus in cattle have been
published (e.g. Vokey et al., 2001; Benz, 2002).

The issue of “locomotion comfort” can be defined as conditions of well-being
and contentment in the walking areas. The optimal locomotion comfort implies
natural gait and activity of the animals but also good condition of their locomotor
apparatus in the long run. In order to be able to design a well functioning loose
housing system with best possible locomotion comfort, it is necessary to increase
the empirical basis on the effect of the newly introduced flooring types on cow
locomotion, behaviour and claw status. Several studies have been carried out at
SLU over the last 10 years with the majority being part of an EU-project, “Lame
Cow” (QLKS5-CT-2002-00969) from 2002 to 2005. The studies presented in this
thesis were mainly performed within the “Lame Cow” project.



Introduction

Some aspects of evolution of the locomotor apparatus in cattle

Locomotion is an active movement through the environment and that is an
important capacity differentiating most members of the kingdom of Animalia from
members of the other kingdoms of multicellular eukaryotes. The general principle
of locomotion is very similar in all animals, where the organism exerts force on
the surrounding environment and according to Newton’s laws accelerates in the
opposite direction (Dickinson et al., 2000). The physical properties of the
environment have to a great extent affected the evolution of the locomotor
apparatus and the way animals move (Dickinson ef al., 2000). Movement on land
requires that animals exceed gravity to support and move their bodies to
accommodate any changes in the terrain (Biewener, 2003). The evolution of the
limb of vertebrates can be traced back to changes in structures observed already in
fossils from Ordovician, 463-439 Myr ago (Coates, 1994). Hinchliffe (1991)
proposed a theory of “proximal stabilization” according to which the proximal
elements of the limb were more conservative, and more evolutionary changes
occurred in the distal part of the limb. The dominant theme of evolution of the
distal part of the tetrapod limb was a digit reduction, where deviations from the
pentadactyl pattern always implied the loss of digits (Shubin et al., 1997). Digit
reduction in tetrapods occurred with remarkable constancy with the majority of
animals retaining digits III and IV and losing digits I, II and V (Shubin et al.,
1997). Cattle as well as other Artiodactyla (even-toed ungulates) were no
exception having preserved digit III and IV , while the equine hoof provides an
example of an extreme digital reduction with only the third digit left (Bragulla &
Hirschberg, 2003). Borisevich (1983) classified the digits of hoofed mammals
according to the principles of transferring of body generated forces into three
groups:
e lateral transferring - the forces are transferred mainly through the hoof
wall and suspensory apparatus (Equine);
e vertical transferring - the forces are transferred vertically through the
footpad (Camelide);
e combinational transferring - the forces are transferred both by vertical
(foot pad) and lateral (hoof wall) mechanisms (Ruminantia, Suidae).

The claw in ungulates is a specialised integumentary accessory organ, where
integument is the complex interface between an organism and its environment
(Bragulla & Hirschberg, 2003). The form of the distal phalanx and its
integumentary structure vary depending on where and how the digits are used
(Hamrick, 2001). Thus the light weighted hoof of a horse appeared, in the course
of evolution, to enhance the speed of locomotion on a relatively hard ground that
was their natural habitat. Camels’ hooves were replaced by broad foot pads that
were adapted to the very soft, sandy ground and provided more stability during the
running pace (Janis et al., 2002). European domestic cattle (Bos taurus) descended
from the aurochs (Bos primigenius), which lived in transitional areas of woodland



interspersed with open spaces (Baars ef al., 2003). Thus cattle digits evolved under
conditions of moderately soft ground found in these environments.

The domestication of cattle started towards the end of the 9™ millennium cal BC
in the northern part of the Near East (Davis, 2005). One of the most essential
reasons for the domestication of wild animals is believed to be an increased human
population, where the environment could not provide enough food for the hunter-
gatherers society (Davis, 2005; Diamond, 2002). Since that time cattle have been
an important part of agriculture not only as providers of food and draught power
but also as a source of land fertilisers where grazing played an important role
(Baars et al, 2003). Grazing as a main source of food implied also that
domesticated cattle performed most of their locomotion activities under conditions
of a natural terrain. Only recently, starting at the end of the 19™ century, the
processes of industrialization of agriculture reduced the role of cattle as an
important part of the farm’s agrarian cycle (Baars et al., 2003). Artificial fertilizers
and developed infrastructure made it possible to decrease the pasture areas and use
arable land for cattle food production, zero-grazing systems appeared. In other
words the industrialization of agriculture decreased the possibility for cattle to
move around in their natural habitat. Therefore, the functionality of the cattle
locomotor apparatus (evolved to be used under conditions of grassland) may no
longer be adequate in the unnatural environment of the industrial farm. Moreover,
the tremendous genetic progress in milk yield achieved during the last 50-60 years
has caused harsh challenges to the cow’s metabolism, and the function of the
locomotor apparatus has thus been dramatically compromised (Bergsten, 2001;
Miilling & Greenough, 2006).

Locomotion in cattle

Needs for locomotion

Locomotion is part of the normal behavioural repertoire of cattle (Albright &
Arave, 1997). Cattle move to obtain food, water, to interact with herd mates
during social and sexual behaviour and to seek a birth site or shelter. Cattle have
an innate motivation for locomotion, which has been found to increase with time
of confinement (Loberg et al, 2004). Locomotion maintains adequate blood
circulation, develops the muscular system and promotes health (Zeeb, 1983;
Gustafson, 1993). It has been shown that walking activity reduces blood
concentration of nonesterified fatty acids, which implies a decreased risk of
metabolic and digestive disorders (Adewuyi et al., 2006). In their natural
environment cattle are able to range over large areas. If cattle travel extremely
long distances they will reduce feed intake and milk production (Coulon et al.,
1998), but there is a need to walk at least 3—4 km per day to stay in good physical
shape (Phillips, 2002). Loose-housing systems aim to provide free-movement of
animals but in reality, these confined systems with a daily walking distance of
600-700 m do not give sufficient exercise (Bockisch, 1993). It has been shown
that not only cows in tie stalls (Gustafson, 1993) but also animals in loose-housing
systems benefit from outdoor exercise (Regula et al., 2004).
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Some biomechanical aspects of locomotion

The angulation and arrangement of the limb musculature provide strong evidence
that the locomotion apparatus in cattle has mainly been developed for forward
motion (Nickel et al., 1986). The function of front and hind limbs in cattle is
different. While front limbs support the body during locomotion, the hind limbs
have the function of propulsion (Phillips, 2002). The shock absorption is also
different between the front and rear limbs. Whereas there is no bony contact
between the front limb and the axial skeleton (suspended by the Serratus ventralis
muscle), the hind limbs are connected to the axial skeleton by the coxofemoral
articulation and therefore have a limited ability for shock absorption (Miilling &
Greenough, 2006).

Cattle locomotion is usually fitted within three types of gait: walk, trot and
gallop (Phillips, 2002). The walk is probably the most typical and most energy
efficient gait, where the force to produce a forward movement is achieved by an
exchange between gravitational potential and kinetic energy. At an intermediate
walking speed this transfer can reach up to 70% of the total energy and only 30%
will be supplied by muscles (Cavagna, et al., 1977). To move faster, cattle use
running gaits where kinetic and gravitational potential energy is stored in the
muscles, tendons and ligaments when the leg strikes the ground, to recover later at
the propulsion stage. No kinetic-gravitational energy transfer occurs when animals
are trotting, but when galloping both mechanisms are involved (Cavagna, ef al.,
1977). During a stride each limb passes two phases: stance (weight-bearing phase)
and swing (non-weight-bearing). During the first half of the stance phase, body
generated forces result in a decelerating longitudinal ground reaction force, which
is directed backwards and brakes the progression. At the mid-stance the
deceleration transmits to the propulsion, which propels the body forward. The load
exerted to the limb increases to the mid-stance and decreases thereafter. When
walking, dairy cows put approximately equal weight on the lateral and medial
claws of front limbs, while in the hind limbs most weight is exerted to the lateral
claws (van der Tol et al., 2003). It was shown from high speed video of heifers
walking on a treadmill, that the distal part of both the fore and hind limb were
lifted and protracted with a slight inward rotation and contacted the ground with a
slight outward rotation (Meyer et al., 2007).

Studying locomotion

Subjective methods

Subjective locomotion assessment in cattle is a method commonly used in
lameness research to estimate the quality of gait, with the majority of attention
devoted to determining the degree of lameness. The most well-known scoring
system for cattle locomotion has been published by Manson & Leaver (1988).
This system uses a nine-point score from reflecting small changes in locomotion
leading to severe lameness. Less detailed scoring systems have also been used to
categorize the degree of lameness severity (Tranter & Morris, 1991; Whay et al.,
1997). Sprecher et al. (1997) developed a system focusing (along with gait
scoring) on the back posture, a system that gained much popularity due to its
simplicity (Juarez et al., 2003; Amory et al., 2006).
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Objective methods

While subjective lameness scoring can help to evaluate the disorder, it is plagued
by observer biases thus there is need for more objective measures of gait. It has
been demonstrated that the use of gait analysis with quantitative methods is more
precise than results obtained through subjective locomotion scoring (Keegan ef al.,
1998).

Kinetic and kinematic analyses have been successfully used to study gait in
domestic animals, primarily horses (Clayton & Schamhardt, 2001; Barrey, 1999).
Kinetics is a science that studies the causes of motion, explaining them by the
force applied to the body, its mass distribution and its dimensions. Webb & Clark
(1981) and Scott (1987) were among the first researchers studying the dynamics of
pressure distribution under cattle claws. Van der Tol et al. (2003) used pressure
sensors in combination with a force plate, to study ground reaction forces and
between-/within-claw pressure distribution in cows walking on a flat surface.

Kinematics describes the geometry of animal movement, studying changes in
the position of the body parts during a specified time. The first kinematic animal
locomotion study using chronophotography was performed by Muybridge (1887).
Since then many kinematic studies of animals have been performed and at present
the majority of kinematic studies are carried out with videographic or opto-
electronic systems consisting of integrated hardware and software components
(Clayton & Schamhardt, 2001). However, only a few published studies have
applied quantitative measurements when studying locomotion of cattle. The first
and still best comprehensive kinematic study of cattle locomotion was carried out
by Herlin & Drevemo (1997). They studied the locomotion of 17 dairy cows using
high speed cinematography to determine the influence of different management
systems and grazing on locomotion. Phillips & Morris (2000; 2001) studied
locomotion in dairy cows on floors with different friction properties and with and
without slurry contamination. Recently Flower et al, (2005, 2006, 2007)
performed a number of studies, where relationships between claw lesions, milking,
flooring and some kinematic variables were established.

Concept of gait quality in cattle

In cattle, no distinction has been made between gait quality and lameness (Manson
& Leaver, 1988; Whay & Main, 1999). In sport horses, however, objective
measurements of gait quality have been established which are not primarily
focused to estimate lameness. Horses with good movements show more retraction
in the forelimbs and more protraction in the hind limbs, a prolonged swing phase
and ability to achieve a particular speed using a long stride length and a low stride
frequency (Clayton, 2001). The assessment of quality of locomotion in cattle, even
when it is beyond the detection of lameness (like in some breeding programs)
relies on a subjective scoring. The subjective assessment of good movements in
cows includes steady head carriage, flexible movements of joints, tracking-up
(hind hooves land on or in the front of position of the front hooves) and
symmetrical gait (Flower et al., 2006). Impaired locomotion in cows has been
described as stride shortening, a “stiff gait” and has also been described in terms
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of the degree of abduction or adduction of the hind limbs (Whay, 2002; Flower &
Weary, 2006).

Recently quantitative methods were introduced to characterize lameness by
means of using kinematic (Flower et al., 2005) or kinetic (Rajkondawar et al.,
2006) methods. One of the main objectives of these studies was to develop an
objective automated lameness detection system. However the existing
commercially available lameness detection systems are not as sensitive in
determination of painful lesions as visual locomotion scoring performed by a
trained veterinarian (Bicalho et al., 2007).

Since the most efforts in biomechanical studies of cattle locomotion have been
primarily directed towards describing changes in gait due to lameness, very little
information is available on description of “good locomotion” in non-lame cows
using quantitative methods.

The function of the bovine claw

The bovine claw protects the distal phalanx of the limb from harmful
environmental factors; provides thermoregulation and transfers body generated
forces to the ground (Westerfeld et al., 2004). The epidermis of the claws, as the
outmost layer of the integument, produces a cornified superficial layer which due
to different keratinisation contains either soft or hard horn. Epidermis which is
exposed to high mechanical stress is subjected to hard keratinisation (Bragulla &
Hirschberg, 2003).

Different parts of the claw serve the function of force transferring: the digital
cushion, the suspensory apparatus of the digit, the claw wall and the coronary
cushion (Miilling & Greenough, 2006). The digital cushion plays the main role in
shock absorption since the greatest part of it is situated posterior to the navicular
bone and therefore does not take part in weight bearing (Réber ef al., 2004). The
suspensory apparatus consists of a system of dense collagenous fibres extending
between the pedal bone and the epidermal lamellae of the hoof wall thereby
suspending the distal phalanx within the claw capsule (Westerfeld et al., 2004).
The suspensory apparatus is somewhat less extensive at the axial part of the claw
capsule and is absent behind the insertion of the deep flexor tendon and in the
region of the digital cushion. Consequently, stretching of the suspension apparatus
fibres allows a slight displacement and rotation of the pedal bone, which is a part
of the shock absorbing mechanism but is also predisposing to sole haemorrhages
and sole ulcer (Lischer ef al., 2002). However, this part of the corium is usually
protected by the natural concavity of the axial part of the sole. Mechanical stress is
also transferred to the wall (mainly its abaxial part) and finally to a network of
collagen fibres - coronary cushion, which mainly works as a pump but might have
a certain biomechanical function (Miilling & Greenough, 2006).

Disorders of the locomotor apparatus

Lameness in dairy cows belongs to the top of a list of disorders plaguing the
economy of modern dairy industry (Bennett ef al., 1999). Lameness is a term that
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generally describes a functional alteration of the locomotion system. The lameness
may originate from different causes: congenital defect, infectious or metabolic
diseases and or trauma (Greenough, 1997). Most commonly lameness in cattle is a
behavioural reaction to pain and is thus a very important welfare issue.

Locomotor disorders in cattle are usually separated into two groups: disorders of
the upper limb (proximal limb or leg disorders), and disorders of the distal part of
the limb (foot disorders).

Leg disorders usually refer to problems with joints, tendons, bones, etc and have
been reported to account for only 12% of clinical lameness caused by leg
problems in dairy cows (Russel et al., 1982). However, the diagnostics of leg
disorders usually requires using complicated and expensive techniques such as
ultrasonography, radiology and infra-red thermography which are expensive and
difficult to use on farms. Thus the real contribution of leg disorders to clinical
lameness is difficult to appreciate. Moreover the cause of lameness may be
confounded by disorders of the distal part of the limb, which are very common in
dairy cows and easier to detect (Manske ef al., 2002).

Disorders of the distal part of the limb are usually represented by claw lesions.
Claw lesions can basically be divided in two groups: those caused by micro
organisms affecting the skin surrounding the claw capsule and bulb horn (often
referred to as hygiene related diseases) and those affecting the claw capsule, which
are usually associated with laminitis or trauma (Manske, 2002).

Claw lesions are considered to be the major reason for lameness in dairy cows
(Murray et al., 1996). However, not all claw lesions do necessarily result in
lameness. Kinematic gait analysis did not reveal any difference between
locomotion of non lame cows and cows with sole haemorrhages (Flower et al.,
2005). Even very painful injuries such as sole ulcer may not be accomplished by
lameness (Logue et al., 1994, Manske, 2002). The failure to observe lameness
may in part be due to the stoic nature of cows as their innate behaviour is to hide
painful conditions as a means of protecting themselves from predators (Weary et
al., 2006). Such phenomenon, however, may cause human’s to underestimate the
herd lameness problem.

In a recent study in the UK the most common lesions were sole ulcer (27%),
white line disease (20%) and digital dermatitis (16%) (Amory et al., 2006). In a
Swedish study, 60% of 5000 cows examined had sole haemorrhages (the initial
stage of sole ulcer and white line disease), 10% had sole ulcers and 5% were lame
(Manske et al., 2002). The causes of claw lesions are generally complex, with
several metabolic and traumatic components (Miilling, 2007). Their prevalence is
also influenced by several management factors (Bergsten, 1994, 2001).

It is well documented, that lesions are most commonly found in the outer rear
claws of dairy cows (Murray et al., 1996). The rear claws in dairy cows are often
asymmetric and the outer claws usually become larger than the inner claws. It is
believed that claw lesions develop from overload of the claw sole causing a
compression of the corium between the claw bone and the sole horn (Toussaint
Raven, 1973; Blowey, 1993). Compression of the solar corium both causes and
may be caused by an inflammation related to laminitis, as explained by Ossent and
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Lischer (1998). One aspect of the inflammatory process that follows from
compression of the solar corium, is that the cushioning effect of the adipose tissue
beneath the pedal bone seems to be lost (Lischer et al., 2002), but the cause-effect
relationship is yet to be proven. Ossent et al. (1987) used scales and showed how
the offload from the outer and inner claws of the rear legs shifted with the cows’
movements when standing. They proposed that these changes in weight bearing
stimulated the blood circulation and thus the growth of the outer rear claws.
However, their hypothesis does not explain the initial asymmetry nor does it take
into account the difference in weight distribution between the two claws of one
hoof or between sole and white line areas within claws. Before calving, dairy
heifers usually have symmetrical claws without significant sole haemorrhages or
sole ulcers (Bergsten & Frank, 1996a). During a period of a few weeks around
calving, the claws are impaired in their quality and sole lesions appear (Bergsten
and Frank, 1996b). The outer rear claws become enlarged and the sole concavity
disappears while the initial size and concavity of the inner claws remains
(Toussaint Raven et al., 1989; Tranter & Morris, 1992). It is well known that there
is a seasonal fluctuation in the prevalence of lesions and also that sole
haemorrhages are more common in autumn calving heifers, when newly housed,
than in spring calving heifers (Bergsten & Frank, 1996b).

Floor types and locomotion

Different types of walking areas for dairy cows in cubicle houses

In response to intensification of the dairy industry, cubicle barns have become the
dominant type of housing for dairy cows especially in new constructions. Usually
there are two choices of floors in the walking areas: solid (with different degree of
slope) and draining floors (slatted, with differences in width of slats and slots and
in their orientation). Draining floors stay acceptably clean without additional
labour for manure removal while solid floors are completely dependent on
scraping or flushing at regular intervals. The dominating material used for flooring
construction is concrete. Concrete is not a surprising choice as it is durable, strong,
easily cleaned and disinfected as well as popular in other forms of construction.

However, due to properties such as hardness, slipperiness and/or abrasiveness,
the concrete floor is not always considered to be animal friendly. Even initially
appropriate concrete floors may become too abrasive or too slippery because of
concrete degradation with time. The degradation of the concrete occurs due to
significant amount of aggressive ions, lactic and acetic acid coming from manure
and feed residues together with mechanical wear from animals and from cleaning
(De Belie et al., 2000). Excessive slipperiness in cow walking areas is often cited
as a greater problem than excessive roughness (Faull ef al., 1996). The friction of
the floor is a central part in the understanding of slipperiness (Franck et al., 2007).
The mechanisms behind friction during cattle locomotion on artificial grounds
include an interaction between the claw and a rigid or elastic floor in the presence
of manure contamination (lubricant). The friction force is the sum of different
components including adhesion (molecular bonds between a claw and floor),
hysteresis (periodic deformation at the contact interface) and shape effects, which
is particularly important in case of the presence of a lubricant on the floor surface
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(Leclercq, 1999). Prevention of accidents due to slipping has also been a human
safety concern for a long time (Leclercq, 1999). Research concerning the
shoe/floor contact interaction has resulted in a development of safety footwear and
floor cleaning techniques (Manning & Jones, 2001). Developing footwear for
cows is not practical and thus attention should therefore be directed to the design
of the flooring systems. To prevent slipping, different finishing methods of
concrete surface are applied as for example grooving, tamping, brushing etc.
Besides treatments with epoxy aggregates, acid-resistant asphalt or rubber mats on
top of the concrete floor are used (CIGR, 1994).

Effect of flooring on cattle locomotion

The “European Convention for the Protection of Animals Kept for Farming
Purposes” states in article 4 that: “1. The freedom of movement appropriate to an
animal, having regard to its species and in accordance with established experience
and scientific knowledge, shall not be restricted in such a manner as to cause it
unnecessary suffering or injury. 2. Where an animal is continuously or regularly
tethered or confined, it shall be given the space appropriate to its physiological
and ethological needs in accordance with established experience and scientific
knowledge” (Council of Europe, 1976). Loose housing systems for dairy cows are
therefore strongly recommended to achieve these goals. Although the distance
walked by housed cows is considerably reduced compared to when grazed (Zeeb,
1983) there is still a significant amount of locomotion associated with social and
other activities (Albright & Arave, 1997). According to Phillips (2002) the most
important environmental factors influencing locomotion in cattle are space
availability, floor quality and light. However, allocating space for locomotion in
dairy houses is costly and is often restricted to a minimum (Anon., 2007) and takes
into consideration general management procedures such as cleaning and cow
traffic. Consequently, passageways are provided between cubicles and at the
feeding areas and very few loafing areas are available apart from the holding pen.
Inadequate quality of the floors in the passageways is one explanation for higher
prevalence of lameness in cubicle systems than in tied and grazed animals (Faye &
Lescourret, 1989; Bergsten & Herlin, 1996; Boelling & Pollott, 1998).

In addition to lameness problems, locomotion of cattle has also received some
attention in the scientific literature. Slippery concrete floors may impede different
types of natural behaviour in cattle because of reduced activity of the animals
(Zeeb, 1983). Herlin & Drevemo (1997) showed that animals kept on slatted
concrete floors had a stiffer gait compared to those on pasture. Phillips & Morris
(2001) studied cows walking on floors with modified friction obtained using
different sized bauxite surface aggregate and showed an improvement of
locomotion in response to an increasing floor friction coefficient. However, when
the floor was extremely rough, cows showed signs of discomfort by walking
slower with decreased time of claw/floor contact. Rushen & de Passillé (2006)
showed that cows walking on floors that provided more friction and more
compressibility increased their walking speed and showed decreased risk of

slipping.
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Effect of flooring on cattle claws

The interaction between the claw and the flooring surface has several aspects. The
hardness and abrasiveness of concrete floors leads to excessive claw horn wear
(Vermunt & Greenough, 1995). If growth is not enough then net growth of the
claw will be negative and the thin horn will not protect the underlying soft tissue
resulting in tender feet lameness and claw lesions (Van Amstel er al., 2004;
Bergsten & Frank, 1996b). If an opening of the claw capsule to the corium occurs
there is increased risk for secondary bacterial infection and development of a claw
abscess. In contrast, lack of claw horn wear results in claw overgrowth which
alters the position of the limbs such that the joint-ligament system is stretched and
abnormal loading increases the risk of contusion of the corium which may
contribute to the development of sole ulcer (Bergsten, 2001). Soft flooring
materials decrease the pressure exerted on the claw (Hinterhofer et al., 2005) and
there are studies which show that rubber mats (Benz, 2002) and straw yards
(Somers et al., 2003) decrease the presence of claw lesions. However, there is
disagreement in the literature as a recent study (Vanegas et al., 2006) failed to find
any significant effect in the overall prevalence of claw lesions when comparing the
effect of concrete floor and interlocking rubber mats in the alleys. These latter
authors did however find that the risk of becoming lame was higher for cows on
concrete floors. Low abrasiveness of rubber mats appears to exacerbate the risk of
claw overgrowth (Kremer, 2006). However, it has also been shown that rubber
alleys results both in decreased wear and growth of the claw horn (Vockey et al.,
2001; Vanegas et al., 2006).

Basing on the earlier studies it is obvious that the flooring surface is an
important factor affecting dairy cow locomotion. However more comprehensive
research is needed to describe the effect of new flooring products on a number of
parameters related to locomotion, including biomechanical, behavioural and
anatomical factors. A comprehensive study such as this would provide deeper
insights when designing the optimal flooring system that maximizes locomotion
comfort in dairy cows. The present thesis is a contribution to this comprehensive
understanding of flooring and how it impacts the locomotion apparatus in dairy
COWS.
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Aim

The aim of the thesis was to assess effects of different flooring systems on dairy
cows’ locomotion, preference and long term effect on claw conformation and
related biomechanical aspects. Special emphasis was placed on the evaluation of
indicators of cow locomotion comfort in different flooring systems.

Three main fields of interest were studied and within each the following
questions were aimed to be answered:

Locomotion on different floorings.

1. How do different flooring surfaces affect the gait in cows in relation to a
natural yielding ground?

2. Does soft flooring affect gait in lame cows differently than in non-lame
ones?

Cow preferences for soft and hard flooring.

3. Do cows show a preference for soft flooring when standing or walking in
a group?

4. Do lame cows show a greater preference for soft flooring than non-lame
cows when tested in a group of cows?

Long-term effect of different flooring systems on claw status.

5. How do flooring systems differing in hardness, abrasiveness and softness
affect claw conformation, claw horn growth and wear rates?

6. Does pressure and weight distribution differ between claws exposed to
different flooring systems?

7. Do different flooring systems affect the disproportion between the lateral
and the medial claw?
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Summary of materials and methods

Animals and housing

Paper 1

Eighteen Swedish Red and White and 18 Swedish Holstein cows were studied.
The presence and severity of lameness was scored on a four-point scale, modified
from Sprecher et al. (1997), according to which, animals with normal gait (n = 25)
and mildly (n = 6) and moderately (n = 5) lame cows were identified. No severely
lame cows were used in the study. A walkway from the milking parlour to the
pasture was used and the walkway included both slatted and solid concrete floors.
Twenty mm thick KEN rubber mats (Gummiwerk Kraiburg Elastik GmbH,
Tittmoning, Germany) with rubber-studded underside profiles were used on a 10
m section of the slatted and solid walkway. The rubber mats were introduced one
month before any cow based measurements were taken. At the exit to the pasture a
sand track was prepared using moist sand compacted by a tractor.

Paper I1

The study used 150 dairy cows (Swedish Red and White and Swedish Holstein) of
a private, commercial, organic dairy farm (280 milking cows). Rubber mats of
different quality (Gummiwerk Kraiburg Elastik GmbH, Tittmoning, Germany)
were used to modify the existing solid and slatted concrete floors of the different
test sections. The soft rubber mats (KEN; 20 mm thick) and extra soft rubber mats
(KSL; 30 mm thick) were used in the 120 m” holding pen to study standing
preferences. Slatted rubber mats (KURA-S) and solid rubber mats (KURA-P; both
22 mm thick) were used on the 12 x 3 m walkway from the milking parlour to
study walking preferences.

Paper 111

One hundred fifteen Swedish Holstein cows participated in Experiment 1 where
23 cows were allotted to each of five flooring systems: 1) solid, acid resistant,
mastic asphalt (BINAB, NCC Roads AB, Stockholm Sweden); 2) solid, acid
resistant, mastic asphalt with feed-stalls equipped with solid rubber mats (UBO,
Barneveld, The Netherlands); 3) continuous, elastic rubber mats (KURA-P,
Gummiwerk Kraiburg Elastik GmbH, Tittmoning, Germany); 4) rubber mats
KURA-P and feed-stalls (as described for the system 1); 5) slatted concrete. Cows
were housed in their respective flooring systems on average 170 days (43-232
range) after claw trimming. Cows kept on the rubber mats passed a 16 m distance
of the asphalt floor and a 30 m distance of the slatted concrete floor four times per
day on the way to and from the milking parlour.

In Experiment 2, 62 cows were used: 22 in the section with slotted rubber mats
(KURA-S, Gummiwerk Kraiburg Elastik GmbH, Tittmoning, Germany) with
scrapers, 21 in the section with the slotted rubber mats without scrapers and 19 in
the section with concrete slatted floor without scrapers. The measurements were
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carried out in April to May before claw trimming. The cows were kept in the
respective flooring systems on average 174 days (118-213 range). All routines and
conditions for including the cows in the study were similar to those in Experiment
I except that they were not exposed to any mastic asphalt flooring.

Paper IV

The same facilities were used as described in the Paper III. The first experiment
used 77 Swedish Holstein cows housed in different flooring systems: mastic
asphalt (n = 16), mastic asphalt with feed-stalls (n = 17); continuous, rubber mats
(n = 31); slatted concrete (n = 13). The cows had been accommodated in the
respective flooring system on average 189 days (76 - 249 range).

In the second experiment animals from the following flooring systems were
used: slatted rubber mats with scrapers (n = 16), slatted rubber mats without
scrapers (n = 17) and concrete slatted floor (n = 17). The cows were kept in the
respective flooring systems on average 172 days (134 - 213 range).

Data collection

Paper 1

Cow gait was assessed using the trackway measurements on five different surfaces
in one sequence; solid concrete without rubber mats, slatted concrete with rubber
mats, slatted concrete without rubber mats, solid concrete with rubber mats and
wet, compacted sand.

Fig. 1. Imprints of the left front (A)
and the left rear (B) foot on the
slatted concrete floor. The rear
imprint is placed behind (negative
overlap) and laterally of the front
imprint. The arrow indicates the
direction of movement. (Photo: E.
Telezhenko)

To obtain visible foot imprints (Fig. 1), lime powder (Ca(OH),) was dispersed
over the walkway and mixed with a thin layer of slurry (Fig. 2). The cows walked
one by one over the prepared surface at their own chosen speed. In order to make
the cows walk continuously, the author of the thesis followed them slowly at a
distance of a few metres (Fig. 3). The following elements of trackways were
measured: stride length (the distance between two consecutive imprints of the
same rear foot); step angle (the angle between the lines connecting the three
consecutive imprints of the rear feet); step length (the distance between two
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consecutive imprints of the left and the right rear foot); step asymmetry (the
absolute value of the difference between two consecutive steps); overlap (the
lengthwise distance between the front foot imprint and the next imprint of the
same side’s rear foot).

(4

l"r

Fig. 2. Preparing the walkway with Fig. 3. Obtaining the trackway and

lime powder and slurry (Photo: M. measuring the speed (Photo: M.
Magnusson) Magnusson)

The measurements were taken from four consecutive strides using a folding rule
and an angle meter (Fig. 4). The walking speed of each cow was measured with a
stopwatch. All measurements were made by the author of the thesis.

Fig. 4. Measuring the trackway (Photo: M.
Magnusson)

Paper 11

Floor preference for standing was tested in the holding pen before the cows
entered the milking parlour. The holding pen was divided length wise into two
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sections and the following floor materials were tested: extra soft rubber mats
versus soft rubber mats, soft rubber mats versus solid concrete, and extra soft
rubber mats versus solid concrete. Prior to the comparison of different flooring
materials, control observations were performed, using concrete in both sections.
Every alternative was tested for four days on each side of the holding pen in
association with the afternoon milking. All observations of cow distribution in the
sections were made from video recordings, captured by a video camera positioned
3.5 m above the holding pen. The distribution of cows between sections was
observed for the entire herd; however, only observations with more than 3.2 m’
free space available per cow within the holding pen were used for the analysis.
The average proportions over multiple observations per day and management
group were calculated and used for the subsequent analysis.

To test walking preference the walkway was divided lengthwise into two
identical parts. Slatted and solid rubber mats were tested against each other and
against slatted concrete. Each floor type was tested over four days on the left side
and four days on the right side of the walkway in association with the afternoon
milking. Concrete flooring on both sides of the sections was tested as a control
method before the comparisons of different materials were made. All observations
of the distribution of cows were made continuously from the video recordings.
Lame cows were identified at each observation, and their floor choice was
recorded separately. Only cows with moderate and severe lameness (clear visible
gait asymmetry) were judged as lame.

Paper 111

Measurements of the lateral and medial left, hind claws were assessed before and
after the first (autumn) trimming and before the second (spring) trimming. Toe
length was measured along the dorsal border from the tip of the toe to the
proximal end of the claw capsule at the coronary band. Toe angle was measured at
the tip of the toe. Sole concavity of the claw of the left foot was measured with a
commercially available profile gauge. To characterise the depth of the concavity
of the sole, measurements were obtained at 15 mm, 25 mm, 35 mm and 45 mm
from the abaxial claw margin of each claw along the horizontal line crossing
contour at 10 mm perpendicular to the abaxial margin. From the sole profile
contour also the width of the lateral and medial claw and the height difference of
the sole measured at the two outmost distal points of the medial and lateral soles
were obtained.

Claw growth and wear were measured over a four-month period by measuring
the distal displacement of a mark which had been burnt into the dorsal wall of the
outer and inner hind claw at the start of the observation period.

Paper IV

Measurements of weight and pressure distribution of the claw soles were
performed with I-Scan™ system and analysed with F-scan™ system (Tecscan Inc,
Boston, MA, USA). During the measurements the sensor was placed on a stainless
steel plate (1.5 mm thick) and was covered with a 1 mm thick rubber cloth. Three
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measurements were made per cow, under which a total of 1,500 frames per cow
were recorded with a frequency of 100 frames per second. Each measurement (500
frames) was averaged to a single frame. Each claw sole (lateral and medial) was
divided into three zones: zone of bulb, zone of claw wall and zone of claw sole.
To define the zone on the colour-coded outputs from the pressure measurement,
digital photos of the corresponding claw sole of each cow were individually
matched to the pressure picture. The vertical ground reaction force (GRF), contact
area, and average contact pressure were determined within the defined zones.

Statistical analysis

Paper 1

The speed and individual trackway means, obtained from measurements of four
consecutive strides on each floor, were calculated with analysis of variance
(ANOVA, JMP v. 5; SAS Institute, Inc., Cary USA, 2002) with the between- and
the within-subject design. Two different statistical models were used to describe
the data. The first model included floor as within-subject effect and lameness
degree as between-subject effect. In the second model only cows without signs of
lameness were included in the analysis. In this model breed and parity were
included as between-subject effects, and floor as the within-subject effect. The
cow effect was considered random and other effects were considered fixed in both
models. Multiple comparisons were performed using Tukey’s Honestly
Significantly Different (HSD) test.

Paper 11

A repeated measures Analysis of Variance with a mixed linear model (SAS 8.02;
SAS Inst., Cary USA, 2003) with the first order autoregressive correlation
structure, for the management group within a tested floor-combination and side,
was used to analyze the effect of flooring on the choice of cows on a group level.

The model for analysis of preferences for standing included the effect of floor
combination, the effect of side of the holding pen, the effect of the number of
contacts with a floor on the same side of the holding pen and the effect of the
management group (defined as a subject in the model). Because the proportion of
cows standing on a particular side might be based on different numbers of
observations within each group and day, the data were weighted by the number of
observations for each day and group.

Due to a significant interaction between floor and contact number with the floor
in Experiment 2, the effect of floor was built as ten categories: control
observations and interaction term between floor combination and the contact
number with a particular floor. Other effects in the model were: the side of the
walkway, cows walking alone or together with other animals, and the management
group (defined as a subject in the model). The proportions of cows walking on a
particular side were weighted by the number of observed animals for each group
and day. Due to a weak negative correlation between the distributions of lame and
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non-lame cows, these two subgroups were analyzed separately using the same
model.

Multiple comparisons of the least squares means for “floor combination”
(holding pen) and “floor combination x contact number” (walkway) with the
control observations were performed using Dunnett adjustment (Dunnett’s 2-tailed
t-test).

Paper 111

The statistical analyses were performed using statistical package JMP 5 (SAS
Inst., 2002).

In Experiment 1, solid rubber flooring with and without feed-stalls and in
Experiment 2 slatted rubber floorings with and without scrapers were treated as
one flooring system respectively and data were analysed with separate but similar
models.

The final model for data on claw conformation and claw horn growth/wear rates
included the following factors: flooring system, month when cow entered the
flooring system, parity (/, 2, 3 or more), lactation stage and interaction between
flooring system and lactation number. In addition, the model for analysis of
conformational traits included a covariance of a measurement after the first claw
trimming as a correction for a baseline.

Least square means were processed from the models and multiple comparisons
were performed with Tukey-Kramer adjustment. The paired t-test was used to
compare outer and inner claw measurements within a flooring system.

Paper IV

The statistical analysis was made using Analysis of Variance with a mixed linear
model (PROC MIXED procedure in SAS 8.02, SAS Inst., Cary, 2003). The
preliminary analysis found no differences between cows in the sections with
rubber mats with or without feed-stalls and with or without scrapers. Therefore all
animals in sections with rubber mats within each experiment were combined into
one group (rubber mats) for the statistical analysis. The final model was similar for
both experiments and included for the force and pressure data the following
effects: flooring system, lactation number and categorized days in the study as
fixed effects, cow as repeated and random effect nested within the flooring system,
lactation number, and days in study. The vertical force was analyzed as percentage
of the total force applied to the foot. To describe contact area and contact pressure,
a covariate of total weight applied to the foot was used in the models. A
compound-symmetry correlation structure was used for repeated measurements.
Least square means was processed from the models and multiple comparisons
were performed with Tukey-Kramer adjustment.

A 5% (P < 0.05) significance level was used throughout all the papers.
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Summary of results

Locomotion on different floors (Paper I)

According to measurements of coefficient of friction, the slatted concrete floor
was the most slippery surface, the solid concrete floor was the least slippery and
the rubber mats were intermediate.

The gait pattern deviations from the sand surface (value obtained on the sand
minus corresponding value on an artificial floor) are presented in Fig. 5. Strides
and steps were considerably shortened and the rear foot imprints were placed at a
greater distance behind the front ones (larger negative overlap) on the slippery
slatted concrete floor in comparison with all the other flooring surfaces. Although
cows walking on the solid concrete floor took shorter strides and step than on the
sand surface, they did not differ in walking speed. Length of strides and steps
increased on solid and slatted elastic rubber mats compared with the
corresponding concrete floors.
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Fig. 5. Differences of parameters of gait measured on the compacted sand and on the
artificial floorings. The larger the deviation from the X axis the larger the difference from
the natural surface was.

*, #* due to significant interaction between lameness and flooring the step angle and step
asymmetry presented separately for lameness scoring 0 (non-lame), 1 (mildly lame) and 2
(moderately lame).

In moderately lame animals speed was lower and the stride and step lengths
were shorter compared to non-lame and mildly lame cows. Analyses within each
lameness degree revealed that the moderately lame cows walked with a
significantly wider posture on solid and slatted concrete than on the yielding
surfaces. Comparisons of cows with different lameness scores within a floor type
showed that the moderately lame cows had a smaller step angle on the concrete
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flooring compared with the non-lame ones while there were no significant
differences between lame and non-lame animals when walking on yielding
surfaces. In cows with moderate lameness the step asymmetry was less
pronounced on the sand and on the floor with solid rubber covering.

Preferences for different floors (Paper II)

The proportion of cows standing on the side of the holding pen with rubber mats
of both types was significantly higher than during control observations when only
concrete floor was available. There was no interaction between day of contact and
the particular floor combination in the holding pen.

During preference testing on the walkway the proportion of cows walking
exclusively on the rubber mats increased gradually during the four days of testing
on the same side. In non-lame cows, the application of slatted rubber mats and
solid rubber mats resulted in a 25% and a 30% increase at the 4™ day, respectively.
A slightly higher preference was observed for walking on solid rather than on
slatted rubber mats. The preference of lame cows for soft surface was not as
distinct as in non-lame cows (19% and 12% of increase on the 4™ day for the
slatted rubber and solid rubber mats, respectively). The proportion of solitary non-
lame cows walking on the side with rubber mats was greater and the proportion of
solitary lame cows walking on the rubber tended to be higher than the proportion
of cows walking together with other animals.

Fig. 6. Cows showing preference for the rubber mats on the left side of the walkway
(Photo: E. Telezhenko).

26



Claw conformation in different flooring systems (Paper III)

On the more abrasive asphalt floors, cows had shorter toes and steeper claw
angles. The concavity of claw soles was reduced on abrasive floorings, especially
in the lateral claws. Rubber equipped feed-stalls reduced the loss of sole concavity
caused by asphalt floors. Asphalt floors caused greater wear of the rear claws,
which responded with a more rapid horn growth rate (Fig.7). Rubber mats on
walking areas and feed places reduced both wear and growth. When cows were
kept on rubber mats and had a limited access to the asphalt floor on the way to the
milking parlour (Experiment 1), the wear rate was not different from cows housed
on the aged concrete floor. Without any access to asphalt flooring (Experiment 2),
animals on rubber flooring had lower wear rate and greater net growth than cows
housed on concrete floors. The combined results of wear and growth rates of
lateral claw in the both experiments are presented in Fig. 7. In all the flooring
systems, the wear of the toe was greater in medial claws than in the lateral claws.
Measurements of asymmetry between lateral and medial claw did not differ across
the flooring systems and associations between different traits of asymmetry were
generally low.

mm per month

Slatted Rubber mats ~ Rubber mats Asphalt without  Asphalt with
concrete’ (Exp. 1)? (Exp. 2)® feed-stalls feed-stalls

O Growth EWear ONet Growth

Fig. 7. Growth and wear rates of dorsal border of lateral claws (during 4 months after
calving) in cows from different flooring systems (mean = SE).

! Average value for experiments 1 and 2.

? Rubber mats, experiment 1 — solid rubber floor (KURA-P) with short access to asphalt
floor.

3 Rubber mats, experiment 2 — slatted rubber mats (KURA-S) without contact with asphalt
floor.
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Weight and pressure distribution as a result of exposure of
different flooring systems (Paper 1V)

Generally, the animals exerted about 1500 N of load on their rear left limb.
Analysis of the distribution of vertical GRF (weight) revealed a significant
difference within claw weight distribution across different flooring systems.

The results of colour-coded output of I-scan system (Tecscan Inc, Boston, MA,
USA) matched with claw sole images in cows kept in the different flooring
systems are presented in Fig. 8.

Fig. 8. Pressure distribution between and within claws of Swedish Holstein cows, a) low
abrasive concrete slatted floor; b) rubber mats (KURA-P ™) without access to the asphalt
floor (Experiment 2); ¢) mastic asphalt floor with feed-stalls; d) mastic asphalt floor without
feed-stalls.

Most of the weight was carried by the “bulb” and the “wall” zone when cows
were exposed to low abrasive concrete floors. With a short daily contact to asphalt
flooring (Experiment 1), the measured parameters of claws exposed to rubber mats
did not differ from those on less abrasive slatted concrete floors. However, when
cows were prevented any access to the asphalt (Experiment 2) the weight bearing
of the “sole” zone in cows kept on rubber mats was smaller compared to that in
cows housed on the slatted concrete. At the same time the cows housed on the
rubber mats in Experiment 2 had significantly greater proportion of weight exerted
to the lateral bulb.
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In cows on asphalt flooring without feed-stalls most weight was exerted to the
“sole” zone, they had the largest total contact area and as a consequence the lowest
average pressure. Feed-stalls in combination with asphalt floors resulted in a
decreased total contact area in comparison with claws exposed to asphalt without
feed-stalls and apparently a higher pressure was exerted to the “sole” zone
compared to the other flooring systems. The cows confined on slatted concrete
floors had significantly higher average contact pressure exerted to the lateral claw
than animals in all other flooring systems. None of the flooring systems differed
significantly in relative weight distribution on the whole medial or lateral claw. In
general the proportion of the vertical force (weight) applied to the lateral and
medial claw can be described as 60% and 40%, respectively.
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General discussion

Methodological considerations

Paper I

Measuring the space between footprints is a simple way to obtain information
about animal locomotion even when direct observations are impossible, as in the
case of extinct animals. The first intensive study of fossil tracks was carried out by
Hitchcock (1836). Data obtained from footprints are used in human biomechanics
as a simple and inexpensive method to quantify important aspects of gait
(Wilkinson et al., 1995).

The study described in Paper 1 was to the author’s knowledge the first
systematically implemented use of trackway measurements for locomotion
analysis in dairy cows. In addition, the paper was the first published work
objectively assessing the effect of different flooring surfaces on locomotion of
lame cows.

Measurement of trackways is a method for obtaining several spatial kinematic
variables. In addition, the method is inexpensive, easy to apply and interferes
minimally with the movement of cows in their “home” environment. However, it
should be noted that, the information obtained from trackways is not as precise
and as complete as that obtained by a sophisticated computer based motion
analysis system. The measurements of trackways lack some important kinematic
parameters such as angulations and trajectories of joints as well as important
temporal stride characteristics. The only temporal parameter used in the present
study was speed, calculated as the time used for passing the tested walkways. By
measuring the time with a stopwatch, certain measurement errors are inherent.

It has been shown that the presence of slurry may overcome the slip resistant
properties of the floor (Rushen & de Passilé, 2006). A recent biomechanical study
of pig locomotion revealed a significant effect of contamination of the floor on the
animal gait (Thorup ef al., 2007).Yet, the presence of the thin film of slurry in the
present study did simulate real farm conditions.

Paper 11

Preference studies for different floorings were carried out under normal conditions
of a commercial dairy farm and on a group level which has its pros and cons
described below. Several types of free-choice tests have been used in applied
ethology to answer questions about what animals prefer. The majority of the
studies used social animals, which both were housed and tested individually
(Fraser & Matthews, 1997). It has been shown that the presence or absence of
companion animals may have a significant effect on the animals’ motivation for
resources, and this effect is resource dependent (Sherwin, 2003). Therefore the
preference of group housed animals, tested without the social context, might have
limited external validity. In addition, choices made under specially designed test
conditions may differ from choices made under conditions of real-life (Lawrence
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& Illius, 1997). On the other hand, the complexity of relations between different
members within a group of cows makes it difficult to correctly analyze and
interpret the results (Bouissou et al., 2001). To avoid dealing with complex
relationships between members of size-fluctuating groups, data in Paper II were
analysed on a group level and the management group was considered as the
subject for the analysis.

Certainly it would be interesting to investigate social interactions in a controlled
experiment using small groups, where all are individually marked. However the
behaviour of individual cows was not the primary objective of study as it is
dependant on many factors e.g. social interactions. Rather, the main ambition of
the study was to assess the preferences of cows at the group level, under similar
conditions present in commercial herds. A controlled experiment, e.g. separating
cows of different ages or physical characteristics, or using focal animal
observations, would limit our ability to understand the preferences of the group.
For instance, a focal animal could behave quite differently depending on which
other cows happened to be in the holding pen or in the walkway at the same time.

Paper 11

The measurements of toe length and toe angle along with wear and growth rates of
claw horn were carried out according to standardized methods on both lateral and
medial claws of a hind foot. In addition the claw sole profile was measured using
the technique initially used by Tranter & Morris (1992). It would be quite logical
to propose that the conformation of the weight bearing surface is one of the most
important conformational traits in relation to claw function. However, surprisingly
few research groups have investigated the conformation of the plantar/palmar
surface (sole concavity) of the claw. The profile gauge, which was used for
reproducing the sole contour, was also useful for measuring sole width and
difference in height between lateral and medial claw. All the measurements were
carried out by the author of the thesis, thus the error source “due to operator” was
minimized. However the measurements of horn growth were presumably at a
greater risk of the error “due to measurement” because the proximal end of the
claw capsule is less firm than tip of the toe and it is more difficult to establish
consistent reference points there.

To control the effect of physiological factors, horn growth and wear were
measured at the same lactation stage (approximately 120 days in milk). However,
the introduction of animals into the experiment over a four month period may have
introduced some bias as horn growth has been shown to be influenced by season
and related length of the day (Vermunt, 1990). Therefore, the effect of month at
the start of the study was used in the statistical model.

The higher wear rates on asphalt floors in comparison with slatted concrete may
be explained not only by higher abrasiveness of the asphalt surface but may also
be a consequence of higher humidity on the solid floors. The solid asphalt floor
provided a presumably more humid environment (despite frequent scraping) than
on the concrete slats, and higher moisture content might contribute to higher
wearing rate (Bonser, et al., 2003).
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Paper IV

The results obtained in Paper IV provide insight into the functional conformation
of the claw and the relative effect of different flooring systems. However, the
method in which the vertical GRF and pressure distributions were captured puts
certain limitations on a wider extrapolation of the obtained results. Unfortunately,
none of the tested flooring systems could be fully represented by the smooth,
rather hard and solid surface of the pressure plate.

Since it was difficult to control how much of the cow’s weight is applied to the
foot and because a standing cow will likely shift weight from one leg to the other
(Neveux et al., 2006) the relative values of the vertical GRF were chosen for the
analysis. The contact area and pressure are dependent on the loading applied (De
Belie & Rombaut, 2003), therefore, the contact area and pressure were corrected
for the total weight exerted to the foot.

The defined claw sole zones only partly corresponded to the anatomical
segments of the weight bearing surface of soft bulb (“bulb zone”), abaxial and
axial wall and white line (“wall zone”), hard bulb and sole (“sole zone”). A better
definition of the claw zones was limited by the technical abilities of the F-scan
system and restricted ability to completely recognize all the reference points of the
colour-coded output. However, solely using the color-coded contact image for
division on different zones might lead to misjudgement on the different reference
points of the claw (Van der Tol et al., 2002). Thus, we used scaled digital photos
of the corresponding claw, which made it possible to establish adequate reference
points. As this manual incorporation of the claw picture into sensor images is
labour intensive we encourage future research to find ways of computerizing this
process. Other possible sources of error may occur due to an unusual posture of
the limb. In the present study attempts were made to place all limbs in a standard
position, which may not have been a natural position for certain cows and
therefore may not have been representative of her normal loading.

Synthesis of Papers I-IV

Perception of floors

Reducing slipperiness of the walking areas in cubicle barns have been a major
issue of floor improvement for a long time. The coefficient of friction (ratio
between frictional and normal force, F,/F\) was regarded as the most informative
technical parameter of slip resistance (Chang et al., 2001). It should be noted that
the coefficient of friction (COF) is not a fixed value but a function depending on a
number of factors including weight, sliding speed, characteristic of the interacting
materials, and character of lubricant (Gronqvist ef al., 2001). To increase the
mechanical interlocking between the claws and floor there are two basic
approaches: when the floor protrudes into the claw horn (hard floor option) and
when the claw sinks into the surface (soft floor option). While walking on the
surfaces with higher friction properties cows increased their stride and step length
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(Paper I) which is in agreement with results by Phillips & Morris (2000, 2001). As
the rubber flooring resulted in a less constrained walking than did the hard floor
with a higher COF (Paper I), it can be presumed that a technical test of a surface
has limited ability to model the interaction between the animal claw and the floor
during locomotion. The results obtained for locomotion on soft rubber mats in
Paper 1 were recently confirmed by a study where computer-aided kinematic
techniques were used for analysis of cattle locomotion (Flower et al., 2007). In
that study cows walking on rubber mats had longer strides, greater overlapping
and shorter periods of triple support than cows walking on concrete. Walking with
shorter strides on a slippery floor is an adaptive mechanism for preventing
slipping, in which the COF required for walking is kept below the available COF
(Van der Tol et al., 2005). Besides shortened strides, slippery floors force cows to
modify their posture i.e. step angle was considerably diminished (Paper I). With a
small step angle the centre of mass is placed centrally within a cow’s base of
support and a more balanced position is provided. In contrast, a large angle
(narrow walking posture) is characteristic of a more efficient gait due to minimal
lateral displacement of the centre of gravity (Alexander, 1985). Alterations of the
gait adopted on a slippery surface may remain even when a cow walks on a floor
with acceptable friction (Herlin & Drevemo, 1997).

Cows could discriminate flooring surfaces with low and high friction but they
did not show a particular preference for a certain COF value (Phillips & Morris,
2002). In the present study cows did, however, prefer soft floorings when they had
a choice (Paper II). Therefore we may conclude that the softness of the flooring
played a more important role than friction when cows chose soft rubber mats over
concrete surfaces. Some scientists have questioned whether the choices animals
make under artificial conditions always lead to increased welfare (Houston, 1997).
Since the long-term consequences of the instant choice for the softer floor fall
outside the cows’ cognitive capacities, it was necessary to analyze the long-term
effects of the flooring particularly on the claws (the part of the locomotor
apparatus in direct contact with the flooring).

Effect of floor on claw conformation and claw functionality

Claw measurements were long ago suggested as indirect markers of claw health
and susceptibility to lameness (Smit ef al., 1986). The term “Claw Quality” was
established as a general expression for horn characteristics, claw conformation,
anatomical and physiological parameters of the inner structure of the claw
(Politiek, et al., 1986). It is however still a subject for discussion whether the claw
shape is a predisposing factor or a result of the lesion.

In a number of investigations the associations between claw shape and lameness
were established. It was shown e.g. that cows with long toes and shallow toe
angles are more probable to have impaired claw health (Distl et al., 1990).
However the association is not so simple. The claw conformation in Paper III was
affected by floor abrasiveness, which is in agreement with other studies (Vermunt
& Greenough, 1996; Vokey et al., 2001) Abrasive floors in general resulted in
shorter claws and steeper claw angle, but did not automatically result in better
claw health. Instead, exposure to the abrasive asphalt floor causes the loss of sole
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concavity (Paper III) and the lack of concavity was associated with lameness
(Tranter et al., 1993). The lack of sole concavity resulted in a decreased weight
bearing role of the claw wall (Paper IV). The exclusion of the claw wall from the
weight bearing indicated that the function of the suspensory apparatus was
reduced. Thus claw sole and digital cushion (the prime function of which is shock
absorption) became the main components in transferring body generated forces.

It was shown that older cows had reduced strength of the suspensory apparatus
(Maierl et al., 2007), which could be a result of a general, physiological, aging.
But it might also be explained that the claw walls in older cows are less involved
in the weight bearing due to abrasive floors and/or improper claw trimming. Since
the suspensory apparatus was not properly exercised its strength could be reduced
resulting in a higher risk for sole ulcer. Moreover, the most intensive exposure to
the abrasive flooring (mastic asphalt without feed-stalls, Paper III) resulted in a
convex shape of the sole of the lateral claw. The most protruding part of the
convex claw, observed on the hanging limb, was at the axial portion of the sole.
Sole overloading may cause bruising of the corium and be one of the predisposing
factors of sole ulcer (Vermunt & Greenough, 1995).

The reason for developing a convex shape on hard abrasive floors could
possibly be explained as follows: during weight bearing the claws are separated
resulting in stretching of the distal interdigital ligament which is attached to the
axial aspect of the distal phalanges (Greenough, 1997). During stretching the
elastic energy may be stored in the ligaments and when it recovers a tension
directed to the abaxial edge of the claw will take place. This tension would
contribute in loading the more robust abaxial edge of the claw even if the sole is
flat but on an abrasive floor it will contribute to the wear of the abaxial wall.
Besides, the claw horn of the wall is hardest but maybe not as resistant to wear as
the elastic horn of the solear portion of the claw. To support the latter statement
future research is required on the abrasion resisting properties of different parts of
the claw capsule.

The convex shape did not, however, result in weight bearing solely by the axial
segment of the sole, rather the contact area included a large portion of the sole and
even some part of the abaxial wall (Paper IV). This suggests a supination of the
claws (especially lateral ones) under load. Serious supination would cause a
stretching the interdigital space and possibly make it more susceptible to infectious
agents. On the other hand, the large contact area of the sole obtained when cows
walked on the abrasive floor, resulted in low pressure, which compensated for the
hard floor impact (Paper IV). The feed-stalls caused less wear of the sole horn, but
did not prevent the wall from wearing on the asphalt floor, resulting in a smaller
contact area and higher pressure exerted on the sole (Paper IV). The claw health
data obtained Experiment 1 in Paper IV also revealed no effect of the flooring
system on the risk of claw lesions with the exception of the feed-stalls, which
resulted in higher risk of sole haemorrhages (Hultgren et al, 2007). In cows
housed on the rubber mats without daily access to the abrasive flooring
(Experiment 2 in Papers III and IV) considerable amount of weight was carried by
the lateral bulb. The shift of the weight bearing towards posterior part of the claw
on the hard surface presumably was caused by claw horn overgrowth due to low
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wear rates on the rubber mats (Paper III). While the loading pattern may be
different on the soft floor, on the hard surface (e.g. when the cows walked to the
milking parlour) the overburdening of the rear part of the claw may cause the
contusion of the corium (Bergsten, 2001).

Since flooring affected posture during locomotion (Paper I) the weight-
distribution between claws may have been different on different floors. It is
believed that a greater load on the lateral claw stimulates claw growth and results
in progressing claw asymmetry (Bergsten, 2001). Yet, the conformational study
revealed that development of asymmetrical claws could not be attributed solely to
a certain flooring system (Paper III). Neither was it found that floors with different
slipperiness affect the disproportion in weight distribution between lateral and
medial claws (Paper IV). The larger size of the lateral claw is usually associated
with its rapid growth (Vokey, et al., 2001), but the results of Paper III suggest that
a greater net growth was determined by the less effective wear of the lateral claw.
In addition, the hypothesis that greater pressure causes more rapid growth of the
claw horn seems to not be confirmed. Indeed greater pressure on the claw wall in
cows kept on concrete slatted floor did not result in such rapid growth as on the
asphalt flooring (where pressure on the wall was actually lower). On the other
hand, the high contact pressure registered at the wall area did not imply high
pressure that would be transferred to the dermis. The pressure exerted on the distal
part of the wall will spread on the large area of lamellae resulting in lower average
pressure. Therefore the high pressure on the wall may be even lower when it
reaches the dermis than the pressure exerted on the sole where pressure would be
applied directly to the underlying structures.

Lameness and floor quality

In Paper I it was described that the stride length was significantly decreased in
moderately lame cows, and non-lame as well as lame cows increased their stride
length on the yielding surfaces. The stride shortening during lameness is
characterised by shortened swing durations and longer stance durations, which is
an important method of reducing the peak loads on the lame limbs (Buchner,
2001). On the hard concrete surfaces lame cows walked with a significantly
smaller step angle compared with non-lame cows, while on the soft surfaces the
step angles of lame cows were no different from those of non-lame cows (Paper I).
The difference in step angle between lame and non-lame animals could be
explained by more hind limb abduction in the lame cows. Another important
parameter influenced by lameness was step asymmetry. Step asymmetry arises
primarily from shortening of one step, but varied step abduction can contribute to
greater step asymmetry as well. Lame cows showed exaggerated step asymmetry
on all the hard floors, while non-lame cows increased the asymmetry only on the
slippery floor (Paper I). The findings in Paper I were recently confirmed by a
study by Flower et al. (2007), where rubber mats significantly improved
locomotion in cows with sole ulcer. The reaction on the rubber mats was similar to
that observed by Weary & Flower (2006) where lame cows decreased in
subjectively assessed step asymmetry in response to ketoprofen treatment. This
finding suggests that soft flooring decrease the discomfort due to pain, which is
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important to take into account while comparing lameness scores between different
flooring systems. Although soft floors appear to give some pain relief and reduce
the expression of lameness it is not a complete solution of the problem of pain
management of lame cows.

Despite the improved locomotion parameters observed in cows walking on the
soft flooring, lame cows, being part of the group, would not always take advantage
of the opportunity to walk on the surface providing greater comfort (Paper II). The
fact that lame cows did not always choose the soft floor may be explained by a
number of factors. Firstly, competition from other higher-ranked non-lame cows
may have prevented the lame cows from accessing the softer walking area.
Further, the continuous threat of competition may have resulted in the lame cows
learning to use the less comfortable walking surface even when no competitors
around. The first hypothesis has been confirmed by a recent study by Platz et al.
(2007). These authors showed that high ranking cows occupied the rubber flooring
(covering 45% of the total floor area) significantly longer time than low ranking
animals did. Secondly some type of lameness my not result in pain relief when
moving on a soft surface. In horses, for example, lameness deriving from soft
tissue injuries tends to be worse on a soft ground (Ross, 2003).

Although the effect of the different flooring systems on lameness was beyond
the scope of the thesis, analysis of lameness scoring data obtained from
Experiment 1 (Paper III and IV) revealed that rubber mats resulted in a lower risk
for lameness in older cows (Hultgren ef al., 2007).

Concept of a flooring system for the best locomotion comfort

The term locomotion comfort refers broadly to how well an animal copes with the
environment in which it moves. The essence of locomotion comfort fits well with
the concept of “Five freedoms” (Webster, 2001) especially concerning the
freedom from discomfort, from pain and freedom to express normal behaviour.
For a long time the concept of cow comfort has referred exclusively to the
technical properties of the stall. Moreover, the measurements of time spent lying
has been considered as a valid measure of cow comfort (Cook ef al., 2005). Yet,
the attempts to reduce the time a cow spends outside the stall may ignore the
animal’s need to express natural behaviour.

Poor locomotion is not only an issue of animal welfare but also an important
aspect of a well-functioning milk production in loose housing systems. The
slipperiness of the walking areas has been the main concern of the appropriate
design of indoor walking areas (Faull et al, 1996). The two most common
solutions to control slipperiness were discussed extensively in the thesis, namely
using hard flooring having a consistent rough surface (acid resistant mastic
asphalt) or using yielding materials (elastic rubber mats). Yet, it was stated that
hard floors fail to provide sufficient friction for normal cow movement including
turning, accelerating and stopping without being too abrasive for claws (van der
Tol et al., 2005). The excessive wearing of claw horn and loss of a natural,
functional claw shape on a hard floor with good friction properties was confirmed
in the present thesis (Paper III, IV). A yielding surface would provide good
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footing and therefore decrease slipping risk without deterioration of functional
claw shape. It seems that soft flooring not only provides safe footing, but also
might decrease discomfort due to lameness and increase general locomotion
comfort in cubicle systems (Paper I-1I).

It should be noted that to achieve good locomotion, rubber mats should be soft
enough to provide a good grip especially in the presence of a lubricant (slurry) and
at the same time they must provide steady support when fully loaded. Extremely
soft mats do not assist in effective propulsion and may cause muscle fatigue (King,
2002). It has also been reported that the energy cost of walking increased when
cattle walked through 300 mm deep mud in comparison with a hard surface
(Dijkman & Lawrence, 1997).

Although health parameters are important justifications of locomotion comfort,
the effect of flooring systems on health status of the locomotion system was
beyond the scope of this thesis. In spite of several reports indicating improved
health and locomotion in cows housed on rubber flooring (Benz, 2002; Vokey et
al., 2001; Vanegas et al., 2006) we still can not state for certain that soft rubber
flooring improves the clinical condition of the locomotion apparatus of cattle. In
reviewing the literature it is apparent that the idea that soft flooring may promote
health is based on the following statements:

e soft flooring results in lower contact pressure (Hinterhofer et al., 2005)
which should result in lower risk for bruising the corium (Manske, 2002,
Bergsten, 1994);

e better grip on a yielding floor reduce the slipping risk and therefore
prevent injuries related to traumas (Rushen & de Passillé, 2006);

e soft flooring results in increased locomotion activity (Benz, 2002) which
facilitates cow health (Gustafson, 1993) and might even solve some
metabolic problems (Adewuyi et al., 2006);

e when standing on an ergonomic yielding floor the body naturally and
imperceptibly sway which encourages subtle movements which stimulate
blood circulation (King, 2002). It has been shown that standing on soft
flooring decreased muscle fatigue in working personnel (Rys & Konz,
1994).

The last statement is interesting as it may have some application to the control of
laminitis without providing long distance motion.

Since none of the flooring materials available on the market today totally satisfies
the requirements for the best possible locomotion comfort there are attempts to
combine different floorings into one flooring system. For example the problem
with higher net growth of the claws exposed to the rubber flooring may be solved
by short exposure to abrasive surface (Paper III). Providing soft surface only at
feeding sites (feed-stalls) might have a less desirable effect when the animals
exposed to the highly abrasive floor in the walking areas, since the excessive
abrasion of the wall on asphalt floors was not fully prevented by the use of feed-
stalls (Papers III-IV). It appears that corrective claw trimming based on the
principals of optimal function of the claw continues to be an important component
of the locomotion comfort management of dairy cows housed indoors.
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Locomotion apparatus and particularly the distal part of the limb in cattle
evolved under conditions of yielding ground surface. We should, however, realise
that even a floor design, which has been optimally approximated to the “natural”
ground, will not solve all locomotion problems observed in modern high-
producing dairy cows. For many generations cows have been bred for production
traits which dramatically altered their functionality. A modern high-producing
dairy cow is not a very “functional” animal and thus we can not expect from her “a
natural” locomotion even if she moves on a natural ground. Therefore, the flooring
and management should be adjusted to the existing welfare needs of today’s high
producing dairy cow, in order to promote the best achievable locomotion comfort.
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Conclusions

From the results obtained in the present thesis the following conclusions can be
drawn:

1. Elastic rubber mats improved the gait of both lame and non-lame cows
especially in comparison with gait on the slippery concrete slatted floor.

2. Lame cows showed reduced discomfort related patterns (such as step
asymmetry) while walking on soft floorings.

3. When provided with a choice, cows preferred to stand and to walk on a
softer flooring. However, lame animals within a herd did not express
higher preference for soft flooring compared to non-lame cows. This
finding may be attributed to competition with high ranked cows.

4. Abrasiveness of the flooring surface was the most important property in
its influence on claw conformation and rates of claw horn wear and
growth. The most intensive exposure to the abrasive flooring resulted in
exaggerated wear and growth rate (but very low net growth) of claw
horn; furthermore, concavity of the sole was lost.

5. Cows housed with the least exposure to the abrasive floorings preserved
the concave form of the claw sole, had low rates of claw horn growth and
wear but had largest net growth of the claw horn.

6. Changed conformation on the abrasive floors resulted in altered weight
and pressure distribution within the claws, where the weight was directed
mainly on the sole segment of the claw and weight bearing role of the
claw wall was diminished.

7. No significant effect of any flooring system was found on functional and
conformational disproportion between lateral and medial claws.

Practical recommendations

The results in this thesis provide some practical recommendations regarding
flooring design of dairy houses. Slip resistance should be provided by the softness
of the floor. Hard, abrasive surfaces should be used only to control claw
overgrowth and should not be used as a solution to reduce slipperiness or to
substitute regular claw trimming. The optimal solution for flooring at the walking
areas therefore seems to be a soft flooring (to improve comfort and slip resistance)
with moderate abrasion (to control claw overgrowth and provide normal function
of the claw). Since available rubber floorings do not provide the required degree
of abrasion, short exposure to abrasive floors may be a viable alternative. Cow
traffic should be organized in such a way that all the cows in the herd are equally
exposed to the abrasive flooring. The degree of abrasiveness and intensity to
exposure for different floorings should be explored through future research. Floor
claw interaction that simulates the natural conditions present on grassland should
provide the onset of claw horn growth and wear and decrease the need (or amount
of work) for functional claw trimming.
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Summaries in other languages

Svensk sammanfattning

Mjolkkors rorelsefrihet dr en viktig del av deras naturliga beteende och
tillfredstills av naturliga skil bttre i 15sdriftssystem #n i uppbundna system. Aven
om kor i 18sdriftstall har storre mojlighet till fria rorelser och sociala kontakter &n
uppbundna kor, kan 18sdrift & andra sidan innebdra en storre pafrestning pa
rorelseapparaten, varfor utformningen av gangytorna dr av storsta betydelse.
Djurens rorelseapparat har utvecklats i nira samspel med deras naturliga miljder.
De europeiska mjokkoraserna harstammar fran uroxar, som levde i ett omvéxlande
landskap med skog och betesmark. Kornas klovar anpassades dérfor till rorelser pa
ett relativt mjukt och i normalfallet hygieniskt underlag. Stdrre exponering for en
undermalig miljo i form av snévt tilltagna rorelseytor, dalig hygien och harda och
halkiga golv kan bidra till en storre risk for och en hogre forekomst av skador pa
framforallt klovar och ben, med rorelsestorningar och hélta som foljd. Vid
utformningen av ett vél fungerande l0sdriftsstall krdvs ett golvsystem som ger
optimal rorelsekomfort, dvs mojlighet till och stimulans av fria naturliga rorelser
med liten halkrisk samt forutséttningar for en god ben- och klovhilsa.

Syftet med denna avhandling var att studera effekten av olika golvsystem pé
mjolkkors rorelsemonster, preferens for olika golvtyper och dess langsiktiga
effekter pa klovform och belastningsforhallanden mellan och inom klovarna.

For att undersdka olika golvsystems effekt pd rorelsemonstret anvéndes
fotspérsanalys, dvs. métning av avstand och vinklar mellan kornas fotavtryck da
de fick ga ca 10 meter pa ett plant underlag. I rorelsestudien anviandes bade halta
och icke halta kor. Rorelsemonstret hos varje ko undersoktes pa fem olika
underlag: betongspaltgolv och helt betonggolv med och utan mjuka, 20 mm tjocka
gummimattor (Kraiburg Gummiverk GmbH) samt pé ett naturligt, eftergivligt
underlag i form av fuktig, packad sand. Rorelsestudien visade pa tydliga skillnader
mellan olika underlag. Det rorelsemonster som mest avvek fran naturligt underlag
var halkigt betongspaltgolv dér korna, i jaimforelse med de andra underlagen, gick
med forkortade steg, bred benstéllning och bakklovens avtryck placerat langt
bakom framklovens avtryck. Rorelsemdnstret pad mjuka gummimattor
karakteriserades av friare rorelser dn pa betonggolv och ndrmade sig ddrmed det
pa naturligt sandunderlag. Mjukt underlag resulterade ocksa i minskat uttryck for
hiltrelaterade gangparametrar sdsom stegasymmetri hos kor med hélta, vilket
tydde pa att de hade mindre ont pa mjukt underlag.

For att kunna radfrdga korna sjilva om vilket golv de skulle foredra, gjordes
preferensstudier. Studierna genomfordes i en mjolkbeséttning med ca 280 kor i
ekologisk drift. Forst testades preferensen for att std pa mjuka respektive extra
mjuka gummimattor (Kraiburg Gummiverk GmbH) eller betong i samlingsféllan.
Ett ar senare testades preferensen for att g& pa hela gummimattor,
spaltgummimattor eller betongspaltgolv pa géngen fran mjolkgropen till stallet.
Varje underlag testades mot ett annat underlag under fyra dagar pa varje sida av
samlingsfallan  eller gangen. Djurens  fordelning jamfordes med
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kontrollobservationer under fyra dagar i samlingsfillan eller gingen innan
gummimattorna introducerades.

Andelen kor som stod pd den sida av féllan som tickts med gummimattor,
oavsett typ, var signifikant hogre dn vid kontrollobservationerna med betonggolv.
Det fanns en svag preferens for extra mjuka gummimattor jamfort med mjuka
gummimattor, men denna skillnad var inte statistiskt sdkerstilld fran kontrollen.
Vid preferenstestet pd gangen fran mjolkgropen okade andelen kor som enbart
gick pa sidan med gummimatta, oavsett typ, gradvis under de fyra dagar forsoket
pagick. Hos icke-halta kor O6kade preferensen for gummispalt respektive hel
gummimatta med 25 respektive 30 % fram till den fjirde observationsdagen.
Preferensen for hel gummimatta var nagot starkare &n for gummispalt. Preferensen
for mjuka golv 6kade mindre hos halta kor &n icke halta (12 respektive 19 %
okning fram till dag fyra for gummispalt respektive hela gummimattor).

Slutsatsen var att majoriteten av korna foredrog att std och gé pd gummimatta
jamfort med betonggolv, men att halta kor visade lagre preferens formodligen pa
grund av konkurrens fran hogre rankade, icke halta, kor.

Klovform och klovens tryckfordelning mellan och inom klovar studeras i en
langtidsstudie dar olika golvsystem jamfordes under tva stallsisonger i fem,
forutom golven, likvirdiga stallavdelningar om vardera 20 liggbés. Forsta
stallsdsongen jamfordes betongspaltgolv, med hela golv med gummimatta eller
gjutasfalt, samt med eller utan gummimatteforsedda &dtbas. Andra stallsdsongen
studerades gummispaltmatta med och utan skrapor pa spalten, samt
betongspaltgolv utan skrapor.

Vid en jaimforelse av klovvaggens slitage och tillvixt visade sig béde tillvixten
och slitaget vara storst pa gjutasfaltgolv i stallar utan dtbés. Klovslitaget pa
gjutasfalt utan 4atbds Oversteg nédgot tillvixten, vilket resulterade i en negativ
nettotillvixt av tdlaingden. Med gummimatteforsedda dtbas minskade klovslitaget i
gruppen pé asfalt och bade tillvixt och slitage minskade for kor som gick pa
gummimattor med eller utan dtbas. Under forsta stallsdsongen passerade korna
frin gruppen med gummimattor avdelningen med gjutasfalt pad vig till
mjolkningen och da skiljde sig inte deras klovtillvixt och slitage fran dem inhysta
pa betongspaltgolv. Under andra stallsdsongen hade korna pad gummimattor inte
kontakt med gjutasfalt och d& minskade deras klovslitage, vilket resulterade i
hogre nettotillvaxt dn pa betongspaltgolv.

Vid analys av tryckfordelningen mellan och inom klovar hos kor efter ca 6
ménaders inhysning i de ovan nidmnda golvsystemen, visade det sig att pa
asfaltgolv hade klovarna mycket storre kontaktyta &n pa betongspaltgolv och
gummimattor. Storre kontaktyta pa asfaltgolv resulterade i lagre tryck. Hos dessa
djur var emellertid den storsta belastningen koncentrerad till klovsulan. Klévarna
hos kor inhysta pd gummimatta hade mindre kontaktyta och en stor del av lasten
var fordelad pa klovviggen, att jaimfora med asfaltgolv dér belastningen pa
klovviggen var obetydlig. Analys av klovsuleprofiler bekriftade att
sulkonkaviteten, som skapades vid verkning vid forsoksstart, kvarstod pa mjuka
gummimattor och slitet betonggolv men forsvann pa det grovre asfaltgolvet.
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Studierna visade inte att olika golvsystem péverkar asymmetri i klévform eller
viktfordelning mellan ytter- och innerklov.

Slutsatsen fran langtidsstudien var att, golvets ytstruktur hade storst effekt pa
klovkapselns form och relaterad lastfordelande funktion. Ett hart slitande golv
resulterade i en klovform dar klovviggens viktbdrande funktion minimerades med
en Overbelastning av klovsulan som f6ljd och didrmed okad potentiell risk for
klovskador. Okad nettotillviixt pa golv med for l1agt slitage skulle kunna resultera i
Overbelastning av ballar och felaktiga benaxlar och riskera att ge andra typer av
skador.

Resultaten av avhandlingen tyder pd att mjuka gummimattor gynnar naturliga
rorelsemonster, komfort och djurens vilbefinnande. Ett hért slitande golv ger bra
friktion som minskar halkrisken men &ndrar kl6vformen si att viktiga funktionella
egenskaper forloras. Optimala golvsystem maéste vara mjuka for att ge god
komfort och vara mindre halkiga men samtidigt ge visst slitage pa klovarna for att
behalla klovens normala form och funktion. P4 grund av att gummimattor inte ger
tillrdcklig slitage pa klovarna kan viss exponering for ytor som ger ett visst slitage
rekommenderas. Med avseende pa djurpreferenser for olika golv maste kotrafiken
utformas och utrymme medges sa att alla djur ges mojlighet att exponeras i
likartad utstrackning for olika golvtyper i stallet. Om kor med rorelsestorningar, pa
grund av tranga utrymmen och konkurrens fran andra djur, inte ges tillgang till
den bista miljon utsitts djuren for onddigt lidande och skadorna kan forvérras.
Halta djur bor dérfor avskiljas tills skadorna har behandlats och avlikt.
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Pe3rome

[epenBmkeHne B MPOCTPAHCTBE WM JIOKOMOIIMS SIBIISIETCS] HEOTHEMIJIEMOH YacThIO
HOPMAaJIBHOTO TOBEIEHUECKOTO perepTyapa KpyIMHOTO poratoro ckora. Kpome
TOTO, JOKOMOIIMSI HEOOX0qMMa ISt OOIIEro 37J0POBbs IPOAYKTHBHBIX KUBOTHBIX,
UX HOPMalIbHOTO pOCTa W PAa3BUTHs, IUIOJOBUTOCTH M YBEIHUYCHUS
MIPOXYKTUBHOCTH. becrpuBszHas cucTeMa coOnIepKaHHs MOJIOYHOTO CKOTa,
KOTOpasi CTaHOBHUTCS Bce Oojiee pacHpoCTpaHEHHOH, NpH3BaHa 00ECHeYNBaThH
BO3MO)KHOCTH CBOOOTHOTO KPYTJIIOCYTOUHOTO TIEPEABIKCHUS KUBOTHBIX.

OBONIONMS JBUraTeNIbHOW (YHKLUMM >KHBOTHBIX OCYILECTBISUIACH B TECHOM
KOHTAaKTe C OKpYXKaromlel cpenoif, KoTopas SBIsUIACh MPeNOIpeNeIIsIOInM
(GakTopoM pa3BUTHS CIIOCO0A JIOKOMOLMH, a Takke (YHKIHMOHAIBHBIX
ocoOeHHOcTeld  KOHeyHocTedl.  ONMOpHO-IBUraTeNnbHBIA  ammapar — Ipeika
EBPOIEHUCKOT0 KPYITHOTO poraToro ckota (Bos Primigenius) BOJIOUHOHUPOBAI B
YCIOBHSAX  JIECOCTeNH, a  CIEeJOBaTeIbHO B YCIOBHAX  YMEPEHHO
nedhopMupyrolerocss TpyHTa. B cuily  omnpeneneHHBIX — OOBEKTHUBHBIX
00CTOSATENBCTB, NOJBI B MOMELICHHUSX Ul OECIPUBSI3HO-O00KCOBOTO COINCPIKAHUS
KPYIIHOTO pOTraTtoro CKOTa, B TMOJAABIISIONIEM OOJIBIIMHCTBE, IPEACTABICHEI
JKEJIe300eTOHHBIMI KOHCTPYKUUSAMH. JKene300eTOHHBIE IMOJBI C WX TBEPHAOH H
3a4acTyl0  Ype3MEpHO  CKOJIb3KOH  TOBEPXHOCTBIO  HE  COOTBETCTBYIOT
(YHKUHMOHAJBEHBIM M QHATOMHYECKAM OCOOCHHOCTSIM JIOKOMOTOPHOTO armapaTa
KPYIHOTO poraroro ckota. [losTromy mpoOiema 3aboneBaHUi KOHEYHOCTEH HpH
OecrpuBsA3HO-00KCOBOIl CHCTEMe COIEp)KaHUS CTOHT Yepe3BbYaliHO OCTpO.
Henpro manHON pabOTHI OBLTO KOMIDIEKCHOE HCCIenoBaHHE (P deKTa pa3sIHIHBIX
MOJIOBBIX MOKPBITUA Ha JIOKOMOLIMIO, TOBEJCHHE, a TaKkke Ha Mopdo-
(YHKIMOHAIEHBIE OCOOCHHOCTH KOTIBITEIl KPYITHOTO POraTOro CKOTa.

Juis aHanmm3a BIHMSHWS TOJIOBOTO TOKPBITHS Ha JOKOMOIMIO OBLT pa3paboTaH
METOJ] H3MEPCHHUS CIICAOBBIX OPOKEK. B TeueHme skcrepuMeHTa OBUTH H3Y4YEHBI
CJIEIOBbIE JOPOXKKH 36 KOPOB TOJIUTUHCKOM M IIBEACKOW KPAacHOM MOpOA, C
Pa3THYHBIM CTAaTyCOM OIOPHO-JABHTATEIBHOTO ammapara. JIOKoMomus KaIoro
JKUBOTHOTO M3y4Yaiach Ha ISITH MOKPHITUSAX: CIUIOIIHOW U IIeJIeBOH OCTOHHBINA TOJ
C IpUMEHEHUEM U 03 IPUMEHEHHUS MATKOTO PE3UHOBOTO MOKPBITHS TONIIHHOHN 20
MM, ¥ TIPECCOBAHHBIA BIAYKHBIN IECOK (Kak oOpas3elr] HaTypalbHOTO, IPHUPOIHOTO
MOKpEITHA). [ Jydmeidl JUCKpUMHHALIMK OTICYATKOB KOMBITEI] HA BCEH
MTOBEPXHOCTH (32 MCKIIFOYCHUEM I1eCKa) HAHOCHIICS BOIHBIN PACTBOP THIPOKCHAA
kanpius (Ca(OH),).

[o pesynbraraM TEXHHYECKHX TECTOB HAaMMEHBIIUH KO3((GHUIMEHT TpeHUS ObLT
3aUKCcHpOBaH Ha IIEIEBOM OCTOHHOM IOy, HAWOOJNBIINA Ha CIUIOIIHOM
OCTOHHOM TIONly; PE3MHOBOE IOKPBITHE XapaKTEPU30BAJIOCh IMPOMEKYTOUHBIM
3HaYeHHEeM Kod(pduimeHTa TpeHHs. Pe3ynpTaThl aHANM3a CIEHOBBIX IOPOXKEK
BBISBIJIM JIOCTOBEPHOE BIHMSHHE NOJNA Ha JIOKOMOLIHWIO KopoB. Ilapamerpsr
JIOKOMOILIMM HAuOoJiee OTKJIOHSIOIIMECS OT JIOKOMOLMH IO HaTypaJbHOMY
HOKPHITHIO  (TIeCOK) ObUTH  3a()MKCUPOBAHHBI Ha CKOJB3KOW IOBEPXHOCTH
IICJICBOr0 OETOHHOIO I0Ja, T/ JKMBOTHBIC MEPEIBUTAINCH CO 3HAYUTEIBHO
YKOPOYCHHBIM INAaroM, IIMPOKOH MOCTAHOBKOH KOHEYHOCTEH M IIpU ITOM
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OTIEYaTOK 3aJHed KOHEYHOCTH pacmoiarajci MOajdeKo I103ald OTIevaTKa
nepeaHe KoHeYHOCTH. JIoKomMommss Ha MATKOM PE3HHOBOM  MOKPBITHU
npubKamack IO CBOMM  XapaKTePHCTHKaM K JIOKOMOIMHM Ha MOJENU
€CTECTBEHHOTO MATKOTO MOKPHITHSA. Y JXMBOTHBIX C HApyIICHUSIMH JOKOMOLINH
acUMMeTpusl I1ara Obuta BeIpaKEHa B MEHBIIEH CTETICHHW NMPH TEPEIBIKCHUH T10
MECKy W MATKHM pE3MHOBBIM IOKPBHITHAM. Kpome TOro, JKHBOTHBIE C
HapyIOICHUSIMHA JIOKOMOLIMM TEpPEeIBUTANCh ¢ OoJiee IMMPOKOH ITOCTaHOBKOW
KOHEYHOCTEH 110 OETOHHBIM T10JIaM, YEM I10 MSATKHUM ITOBEPXHOCTSIM.

1330 (6) 3aKJIFOYE€HO, YTO KAa9€CTBO JIOKOMOLIMN MOJIOYHBIX KOPOB OBLIO YIIy4dImeHo
Ha 110J1aX, YCOBEPIICHCTBOBAHHBIX PE3WHOBBIM ITOKPBITUEM. B tom YHUucie, OBLIO
IIOKa3aHO ITOBBIIICHHEC KOM(I)OpTa MNEePEABUIKCHUSA Yy KUBOTHBIX C 3a00JIEBAHUSIMU
KOHEYHOCTEH 110 MSTKUM MNOKPBITUAM IO CPABHCHHUIO C TpaaAUIUOHHBIMHA
OCTOHHBIMHM IOJIAMHU.

[TpeamnouTenne >KUBOTHBIX Pa3IMYHBIM HMOBEPXHOCTSIM, NMPEIHA3HAUYCHHBIX IS
CTOSIHHSL M TIEPEIBIDKCHNUS, OBUIO M3YyUYEHO B YCIIOBHSX KOMMEPYECKOW MOJIOUHOM
tepmbr (280 MOJOYHBIX KOpPOB TONINTHHCKOM W IIBEACKOH KpacHOH IOpOX) ¢
OecnpuBs3HBIM cofep)kaHueM. KOHTposb CBOOOAHOrO BBIOOpPAa KOPOB MEXKIY
pa3MYHBIMH TIOJIOBBIMHM TIOKPBITHSIMH OCYIIECTBILUICS B JOWJIBHOM 3aie, B
TIEPUO OXKUAAHHS TIepesl 3aX0I0M B JOMIbHYIO YCTAHOBKY, a TAaKXX€ B IPOXOJE,
rocite OKOH4aHus JoWKu. Criemyroniye MaTeprabl HCIOIb30BAINCh HA TIOJOBHHE
JOWJIBHOTO 3aJla JUI ONpPEIENICHUS MPETIOYTCHUS: MATKHE CIUIONIHBIE PE3NHOBBIC
Matel (KEN, Kraiburg Gummiverk GmbH), pe3nHOBBIC MaThl IOBBIIICHHON
msrroctd (KSL, Kraiburg Gummiverk GmbH) u crmomrao# 6etonHsii mou. [Ipu
MIPOBEPKE MPEATIOYTEHHSI B IPOXO/E MCIOIb30BATIICEH MIENEBBIE PE3NHOBBIE MATHI
(KURA-S, Kraiburg Gummiverk GmbH), crutomrasre pesnrosbie Matsl (KURA-P,
Kraiburg Gummiverk GmbH) u meneBoii 6etonHbIi mon. Kaxkmas koMOWHAIHS
II0JIOB ObljIa MCIIBITAaHA B TEYCHHE YETHIPEX IHEH Ha MpaBOW M JIEBOW CTOpOHE
JOWJIBHOTO 3ajla M IIpoxoJa. Pacripenenenue >KMBOTHBIX (PUKCHPOBAIOCH HA BHIECO
U B JaNbHEHIIEM CpPaBHUBAJIOCH C  KOHTPOJNBHBIM  pacHpe/esIeHHEM
(pactipenenieHre XHMBOTHBIX B JOMJIBHOM 3ajJ€ M IIPOXOJE IIPHU OIHOPOJHOM
IIOJIOBOM TIOKPBITHH).

Pe3ynbraThl SKCHEpHMEHTa IMOKa3ald, YTO IIPHU YCJIOBHM CBOOOIHOTO BBIOOpa
MEXIy OCTOHHBIM TOJIOM W TIOJIOM, TOKPBHITBIM PE3MHOBBIMH MaTaMu, Oojee
3HAYMTEIbHAS TPONOPLHUS CTaja MPEAIOYUTaNa CTOSITh M IEPeABUTATHCSA II0
PE3MHOBBIM TOKPHITUSAM. CpaBHHUTENBHO OOJBIIEE NMPENOYTEHHE OBIIIO OTHAHO
6oJree 3MACTUIHOMY MTOKPBITHIO, @ TAK)KE CIIOIITHOMY HOKPBITHIO TI0 CPABHEHHUIO C
meneBbiM. KOpoBBl € KIMHWYECKUMH HapyHIEHHSMH ONOPHO-ABHIATEIHLHOTO
anmapaTa, HaXxomsiCh B TPYyMIE C APYTMMH JXMBOTHBIMH, NOKAa3aJldi HEBBICOKOE
MIPEANOYTEHNE MATKOMY MOKPBITHIO II0 CPABHEHUIO CO 3JI0POBBIMH >KUBOTHBIMH.
[IprunHON mOCnenHero Moryia OBITh KOHKYPEHLMS MEXIy >XHBOTHBIMH, T/Ie
3/I0POBBIE JKMBOTHBIE C 00J€e BBICOKMM COIMAIBHBIM DPAHTOM BBIHYKAAIN
OOJIbHBIX )KMBOTHBIX C HU3KUM COLMAIBHBIM PAHTOM 3aHMMATh MEHEE BBITOJHBIC
TIO3HIIUH.

JUis  aHanm3a BAMSIHUSL Pa3IMdHBIX MOJOB Ha MOP(HO-(YHKIHMOHATIbHBIE
XapaKTEPUCTHKN KOMBITEL[ MOJIOYHBIX KOPOB OBUI MPOBEJCH ITOJIHOMACHITAOHBIN
9KCIIEPUMEHT B TE€UYEHHE ABYX CTOMJIOBBIX NEPUOJOB (IIPOTSHKEHHOCTH KaXXJOTO
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meprona ObDIa OKOJIO 6 MeC.) B YCIOBHAX OKCHEPUMEHTANBHOW (EepMBI
IIBenckoro Arpaproro YHmBepcurera (AnpHapm). B skcnepuMeHTaIbHOM
MIOMEIICHNH OBUTH BBIZEICHBI ceKIMKM Ha 20 TOJOB C WACHTUYHBIMHU YCIOBHAMH
KOPMJICHHS ¥ COZIEPIKaHMs, 32 UCKIFOUCHNEM KOHCTPYKIMH TOJOB HAa aIesX U B
MecTax KOpMIJIEHHMSA. B TedeHwe mepBOro CTOMIOBOTO IEpPHOIA CPAaBHHBAINCH
CJICAYIONINE CHCTEMBI IIOJIOB: INENIEBOMH OETOHHBIM MOJ, acaabTOBBIA MON C
KOpMOOOKcamMu (MMEIOIIMMH PE3WHOBOE ITOKPHITHE IM0JIa), ac(albTOBBINA Mo 0e3
KOpMOOOKcOoB, a Takxke cruomHsle pesuHoBble MaTthl (KURA-P, Kraiburg
Gummiverk GmbH). B TedeHme BTOpPOTO CTOWIOBOTO TEpPHOAA IICIEBOM
OCTOHHBIH 1MOJI CPABHUBAJICS C MIEIEBBIMU pe3HHOBBIMH MOKpHITHAME (KURA-P,
Kraiburg Gummiverk GmbH) co ckpeiinepamu u 6e3 HuX.

B TeyeHue OKCIEPUMEHTAa ONPEACISIINCh, MOPQOIOTHUECKHE TOKA3aTelln
JIATEPANbHOTO M MEIUaIbHOTO KOMBITEIl JICBOW 3a/IHEH KOHEYHOCTH, CKOPOCTh
CTHPaHUsI U POCTa KOMBITHOrO pora. Kpome TOro, ¢ moMOIIIbI0 ceHCOpa JaBICHUS
(Tekscan Inc., Boston, MA, USA) ompenensuioch KOHTAKTHOE MaBICHHE H
pacrpesieiieHie OMOPHO-CHUIIOBOI HArPy3KU MEXY JIATePaTbHBIM M MEIHATbHBIM
KOTIBITI[AMH, a TAKXKE B Tpe/ieliaX KaKI0TO KOTBITIIA.

[Ipn cpaBHEHHMH TEMIIOB pocTa M CTHPAHUS pora KOIBITHOW CTEHKH
BBIICHWJIOCh, YTO KaK CTHpPaHWE, TaK M POCT ObUIM HaWOONBIIUMH TPH
coJiepkaHMM Ha ac(anbTOBBIX moyax 0e3 KopMoOokcoB. IIpm 3TOM crHpanune
KOTIBITHON CTEHKH B HEOOJBIION CTETIEHH MPEB3OLIIO €€ POCT, YTO OTPA3HIIOCH B
HETaTUBHOM  a0CONIOTHOM poCTe KombITHOro pora. Ilpm coBmecTHOM
WCTIONB30BaHUK ac(AIBTOBBIX IOJIOB M KOPMOOOKCOB C PE3MHOBBIMHU IIOJIAMH,
CTHpaHHUE KOTBITHOTO pOora yMEHBIIIIOCH. VICTIONb30BaHIE PE3NHOBOTO TOKPHITHS
Ha aJulesiX yMEHBIINIIO KaK CTHPAHUE, TaK ¥ POCT KOIBITHOTO POTa MO CPAaBHEHHIO
¢ acanbTOBBIM MOKPHITHEM. BO BpeMsi mepBOTr0O CTOMIOBOTO MEPHOAA KUBOTHBIE,
coJieprKaliecss Ha PE3MHOBBIX MaTax, MPOTOHSUIMCH Yepe3 ac(aibT MO MyTH B
JOWIBHBIM 3aJ, W 3TO CKa3aJoCh Ha OTCYTCBHH pa3JIMuMil B TeMIlax pocTa
KOIIBITHOTO POTa MPH CPABHEHWH C M3HOLICHHBIM IIENEBBIM O€TOHHBIM HOJIOM. Bo
BpEeMsi BTOPOTO CE30HAa KOHTakKT C ac(aJbTOM OTCYTCTBOBAJ, YTO IPHUBEIO K
YMEHBIICHHOMY CTHPAHHIO KOTBITHOTO pora W, B pPe3yJbTare, K OOJbIIeH THHE
KOTIBITEI] Ha PE3MHOBOM IOKPBITHN B CPABHEHNH ¢ OCTOHHBIM IIOJIOM.

Pe3ynbraThl, NONydYeHHBIE TIPW IIOMOIIM CEHCOpA JaBJCHHUS, IOKa3aJlk
3HAUMTEIBHOE BIMSHHUE XapakTepa IOJOB Ha paclpeleleHHEe OIOPHO-CHIOBOM
Harpy3kd komelten. [lon BimsHMEM aOpa3WBHOTO ac(aabTOBOTO IOKPHITHS
OTIOPHO-CHJIOBOE  B3aMMOJEHCTBHE KOIBITEIl C MOJOM OBUIO OIIOCPEIOBAHHO
IJIaBHBIM 00pa3oM NOAOIIBEHHBIM OTAeNOM Kombitel. C Apyroil cTopoHbI, B
pe3ynbrare OOJBIIET0 HM3HOCA KOIBITHOTO pora Ha acdaibTe, MOIOIIBEHHBINA
oTAen mpuoOpen OOJNBUIYI0 IUIONMA]h KOHTaKTa C IIOJIOM, YTO OTPa3WIOCh B
CPaBHHUTEJIFHO HEOOJBIIOM JABIEHWM Ha IIOJOMIBY KOIBITHA. B  KombITHAax
KHMBOTHBIX, COAEPKAIMXCS Ha PE3MHOBBIX I0JIaX, OCHOBHYIO DPOJIb B OIOpE
WUTpaqd MSKUIIM WM CTEHKH KombITenl. MOop(oJIorn4eckuil aHamu3 mpogus
OTOPHOHM ITOBEPXHOCTH KOMBITEI] IOATBEPAMI YMEHBIICHHE, a 3a4acTylo |
WCUC3HOBCHHE, HOPMalbHOH, BOTHYTOH  (OPMBI  HOAOIIBHI  KOMBITEI,
MOJIBEPTHYTHIX BIMSHHUIO aOpa3WBHBIX TONOB. B TO e Bpems He ObUIO
00HapyKEHO BJIMSHHME PA3MYHBIX [0OJOB HA JUCIPONOPLHUIO MOPQOIOTHH U
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pacmpesieneHie OMOPHO-CUIIOBON HArpy3KH MEXIY JIaTepalbHbIM (BHELIHUM) U
MeINaJbHBIM (BHYTPEHHNM ) KOIBITIIAMH.

TaxkuM 00pa3oM, MOIHOMACIITAOHBIH SKCIEPHUMEHT MO3BOJIMII YCTAHOBUTH, UTO
abpa3uBHOCTD SIBIAETCS OCHOBHBIM CBOWCTBOM IIOJIOB, BIMSIOIIMM Ha MOpdo-
(YHKIIMOHAJBHBIE TIOKa3aTeNIM KOTBITEI] MOJOYHBIX KOpoB. [Ipm comepkaHum
JKMBOTHBIX Ha TBEPAOM M aOpa3WBHOM IOKPHITUH POJb KOMBITIIEBBIX CTCHOK B
OTIOpe YMEHBIIACTCS, & 3HAUUT, YBEINUUBACTCS MTOTCHIMAIBHBIN PUCK HAMUHOK B
obsactu mopomBel. C APYroil CTOPOHBI, MPU COAEPXKAHWHM HA TIOJIAX C HHU3KOH
abpa3uBHOCTHIO, YPE3MEPHOE OTPACTAHUE KOMBITIIEBOTO POTa MOXKET MPUBECTH K
Ype3MEpHOMY CMEUICHHIO Harpy3kKd B O0JacTh MSKHIIA W HApyIICHUIO
CTaTHYECKOM (DYyHKIINH KOTIBITEII.

PesynbTaThl MCClieOBaHWII ITOKa3alu, YTO MSATKOE PE3UHOBOE IIOKPHITHE
CIIOCOOCTBYET ©CTECTBEHHOM JIOKOMOLMM M KOM(OPTY MOJIOYHBIX KOPOB.
AOpa3uBHOE TIIOKpBITHE YMEHBIIAET PHUCK NajACHHs, HO B pe3yjbTare
MPOJOJDKUTENFHOTO  BO3ACHCTBHS TakMX IIOJIOB  YTPAYUBAKOTCS  BAXKHBIC
(YHKUMOHATBHBIE MEXaHU3Mbl KombITel. ClieoBaTeIbHO, ONTUMAIBHBIM MOJIOM
U KOPOB SBJISICTCS MsrKas IIOBEPXHOCTh, OOECIeYHMBAaIOIas HOPMAalbHOE
IOBIKCHHE W KOM(OPT, NpH OSTOM oOOecleyrBarolee HEKOTOpOe CTHUPAHHUE
KOIBITHOTO pora Ui MOAJEP)KaHUS HOPMAIbHOH (OpMBI M (PYHKIMM KOIBITEL.
Tak kaK pe3HMHOBBIC ITOKPHITUS MOTYT HE 00ecrieurBaTh HEOOXOIMMOE CTHpPAHUE
KOITBITHOTO pOTa, MOXET OBITh PEKOMEHIOBaH KPATKOBPEMEHHBIH KOHTAKT C
YMEpeHHO a0pa3MBHOI MOBEpXHOCThIO. [IpMHMMAas BO BHHMaHHE NMPEANIOYTCHUS
JKHBOTHBIX PA3JIMYHBIM TOJIOBEIM HOKPBITHAM, HEOOXOIUMO CO3JaTh TaKue
YCIIOBHS JUTS IBMDKCHUS )KUBOTHBIX, YTOOBI BCE WICHBI CTaja IKCIIOHHPOBAIUCH Ha
Pa3IMYHBIX MOJIaX B paBHOU cTernieHH. JKUBOTHBIE ¢ 3a00JIeBaHUSIMH KOHEYHOCTEH
JOJDKHBL OBITH OOecriedeHbl OONBIIMM KOM(OPTOM, YTO MO3BOJHT YIYUIIUTH
PE3yJIbTAThI JICUCHHUS U TEMITBI BBI3IOPOBIICHHS.
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