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Abstract Animal Welfare 2003,12: 159-171

This study tests the hypothesis that growth rate and bodyweight affect walking ability in
broilers by comparing objective measurements of the spatial and temporal gait parameters of
several groups of birds. Two strains of birds were used (relaxed and selected), raised on two
feeding regimes (ad-libitum and restricted), and culled at the same final bodyweight
(commercial cull weight of 2.4 kg). The ad-libitum-fed selected birds walked more slowly,
with lower cadences, and took shorter steps. The steps were wider, and the toes were pointed
outwards, resulting in a wider walking base. They kept their feet in contact with the ground
for longer periods, having longer percentage stance times, shorter percentage swing times
and increased double-contact times compared to the relaxed birds. These changes serve to
increase stability during walking and are a likely consequence of the morphological changes
in the selected broiler - in particular, the rapid growth of breast muscle moving the centre
of gravity forward, and the relatively short legs compared to their bodyweight (see Corr
et aI, pp 145-157, this issue). This altered gait would be very inefficient and would rapidly
tire the birds, and could help to explain the low level of activity seen in the modern broiler.
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Introduction

Lameness is a major problem in the poultry industry (Sainsbury 1999; Bennett et a11999;
McGeown et aI1999), and the incidence of leg problems has been shown to correlate highly
with liveweight/growth-rate (Vestergaard & Sanotra 1999; Kestin et aI2001). There is much
debate as to whether pain is a significant causal factor of abnormal gait (Kestin et aI1992;
Hocking 1994; Gentle & Corr 1995; Pickup et aI1997). Whereas some studies have shown
an increase in activity following the administration of analgesia (McGeown 1999), others
have not (Hocking 1994).

Some research has shown that along with the rapid growth rate to high bodyweight, the
modem broiler has been selected to produce more breast (pectoral) muscle, resulting in a
change in conformation (Lilburn 1994; Webster 1994; Corr et aI, pp 145~ 157, this issue).
Both of these factors can affect locomotion: the rapidly increasing bodyweight will place
greater demands on the immature skeleton, and the change in shape can alter the forces
produced during walking. The abnonnal gait seen in modem broilers could therefore be the
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result of pain, of biomechanical problems associated with different types of confonnation, or
of both.

The hypothesis that the increased growth rate and bodyweight of modem poultry have a
detrimental effect on locomotor ability has been difficult to prove conclusively. Many studies
have shown an increase in leg problems in rapidly growing birds (Nestor et a/1985; Nestor
et a/1987; Leten1er & Nys 1992), whereas others have found no difference in incidence
based on growth rate or feeding regime (Haye & Simons 1978; Cook et al 1984; Duff &
Hocking 1986). However, it is generally accepted that slowing the rate of weight gain in the
early stages appears to allow for more skeletal growth as opposed to muscular development,
and that this should improve walking ability (Hester et a/1990; Hester 1994; Lilburn 1994;
Kestin et al 2001). Many studies use the subjective method of gait assessment described by
Kestin et al (1992), and the conmlOnly used descriptor "leg weakness" is in itself rather
vague. Whereas in the previous paper (Corr et ai, pp 145-157, this issue) we considered the
effect of morphology on the musculoskeletal system of broilers, in this paper we test the
hypothesis that growth rate and bodyweight affect walking ability by comparing objective
measurements of the spatial and temporal gait parameters of the birds. Two strains of birds
were used ('relaxed' lie random-bred] and selected), raised on two feeding regimes (ad-
libitum and restricted), and culled at the commercial cull bodyweight of2.4 kg.

Materials and methods

Equipment
Gait assessment was carried out llsing a purpose-built pedobarograph, which is described in
detail in previous work by Corr et al (1998) and is illustrated in Figure I. The recording
surface was a glass plate (540 x 400 x 6 nml) built into a runway (200 CI11 long, 40 cm wide,
and 42 cm high at the sides). Both the runway and the glass plate were covered with a layer
of polythene-backed protective sheeting (Benchkote, Whatman International Ltd) to provide
a homogenous surface for the birds to walk upon. As the birds walked across the recording
surface, their footprints were video-recorded from underneath using a closed-circuit
television camera (Panasonic WV-BP3WlB). The video was recorded on an S-VHS recorder
(Panasonic AG-7355), and the images transferred to a Powennac 8100/110 computer using a
Scion LG-3 frame-grabber card and analysed using Scion Image (version 1.57) software
(Scion Corporation, Maryland, USA).

Birds u1td treatmeltts
The birds, treatments and feeding regimes used in this study are described in detail in a
previous study (see Corr et ai, pp 145-157, this issue). In this study, various gait parameters
were measured and compared between the groups:
1) Thirteen female Ross 308 strain 'selected' broilers, fed ad libitum, and cuBed at six weeks

(Sel-Al).
2) Ten female Ross 'relaxed' strain broilers, fed ad libitum, and culled at 12 weeks (Rxd-AI).
3) Ten female Ross 308 strain 'selected' broilers, restricted-fed, and culled at 13 weeks

(Sel-Rd).
4) Nine female Ross 'relaxed' strain broilers, restricted-fed, and culled at 23 weeks (Rxd-

Rd).
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Figure 1 Diagrammatic illustration of the pedobarograph recording surface and
associated equipment.

Testing protocol
The birds were familiarised with the runway from the age of one week old, and were
motivated to walk along the runway by placing one bird at a time at the opposite end to their
companions. Once per week, all the birds were weighed and several morphometric
measurements were made (bodyweight, girth, leg length and tarsometatarsal diameter, as
described in Corr et aI, pp 145-157, this issue). On the following day they were assessed on
the pedobarograph. Several different gait parameters were evaluated. Speed (m sec-I) was
calculated by dividing the distance the bird moved across the plate by the time interval
between the first and the last point of foot contact. Cadence (steps min-I), or step frequency,
is a measure of the number of steps taken in a given time. The other gait parameters are
illustrated in Figures 2 and 3.

Figure 2 Spatial gait parameters.
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Data ulla(vsis
Statistical nnalysis was performed on the data from the first six weeks, the period of most
rapid grO\vth, which represents the commercial life span of the modern broiler. The cull data
were also analysed in detail. As the groups were unbalanced, the group means and medians
were generated using the residual maximum likelihood method (REML; Patterson &
Thompson 1971). Speed, cadence and step length were all transtolmed to logarithms tor
analysis: the medians are presented, as a more resistant representation of the average, along
with the approximate standard error of the median (#SE median [representing the t1rst-order
approximation of the SE of the median, calculated from median x SE of log median];
Kendall & StUalt 1963). The other parameters appeared to have a more normal distribution,
and so the means (and SEs) are given. Statistically significant differences between the groups
were calculated by Student's t-tests. using the maximum SE of the differences between
groups to give a conservative estimate.

Results

rv1cdian speed was very variable, and there was no significant overall change as the birds
grew (Figure 4). During grO\vth, the Sel-AI birds' median speed was signit1cantly hnver than
that of all the other groups (P « 0.05-0.00 I) at all times except during week five. The rel,lxed
groups showed no signit1cant differences in median speed at any stage. At cull weight, the
Set-AI birds showed a si.gniticantly lower median speed (P < 0.001) than birds in all of the
other groups, but there was no significant diffcrence in median speed between the birds in the
other groups.

Median cadence decreased significantly (P < 0.01--0.001) with age in all groups except the
Set-Rd group. The median cadence of Set-AI birds was significantly lower than that of the
Rxd-Rd birds throughout the first six weeks (P < 0.05-0.001) and of the Rxd-AI (P < 0.001)
and Sel-Rd birds (P < 0.05) for the tirst four weeks. There was no significant ditTerence in
median cadence at any stage between the relaxed groups (Figure 5).

162 Animal We(fi:lfe 2003. 12: 159·171

https://doi.org/10.1017/S0962728600025616 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600025616


Gait analysis study ofthe modern broiler

1.0

0.9

\,

~_.__.-.~"" \\ j

0.8

:;:- 0.7
I
()

~ 0.6

E
- 0.5
"C
<1l

~ 04
en

0.3

02

0.1

o
2

1

./ •./ ..,\
,/,,,.

'VA.

3 4
Week

T

5 6

----+-- Sel-AI

Rxd-AI

- - • - - Sel-Rd

Rxd-Rd
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Figure 5 Median cadence (steps per minute) for each group of birds gait-
analysed at weekly intervals.

Median step length showed a significant increase as the birds grew (P < 0.05-0.001)
(Figure 6). Sel-Al birds took significantly shorter steps throughout growth than the restricted-
fed birds of either strain, except at week four (P < 0.05-0.001). At cull weight, Sel-Al birds
had significantly shorter median step lengths than birds in all other groups (P < 0.001), but
there was no significant difference in median step length between the birds in the other
groups.
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Mean step width increased overall as the birds grew: this increase was significant in the
selected groups (P < 0.001), but not in the relaxed groups (Figure 7). During growth, mean
step width was significantly greater in the Sel-Al than in the Sel-Rd birds at weeks 3, 5 and 6
(P < 0.05-0.001), significantly greater than in the Rxd-Al birds throughout (P < 0.05-0.001),
and significantly greater than in the Rxd-Rd birds from week 3 onwards (P < 0.05-0.001).
The relaxed groups showed no significant difference in mean step width at any stage during
growth. At cull weight, the selected groups had significantly higher (P < 0.001) mean step
widths than the relaxed groups, but there was no significant difference within strains.

0'5

1
0.225

0.2

.§. 0.175

.J::
OJ 0.15c:
~
c.
Q) 0.125•...en

0.1

0.075

0.05
2

-+--Sel-AI

Rxd-AI
- - • - - Sel-Rd

. - Rxd-Rd

3 4 5 6
~

cull

Figure 6
Week

Median step length (m) for each group of birds gait-analysed at weekly
intervals.

0.09 -+--Sel-AI

0.08
-¥-Rxd-AI

- -. - -Sel-Rd
0.07 ··Rxd-Rd

I 0.06

.J::
0.05'0.~

c. 0.04
Q)•...en

0.03

0.02

0.01

2 3 4 5 6 cull

Figure 7

164

Week

Median step width (m) for each group of birds gait-analysed at weekly
intervals.

Animal Welfare 2003,12: 159-171

https://doi.org/10.1017/S0962728600025616 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600025616


Gait analysis study of the modern broiler

Mean step angle (Figure 8) was variable during growth, showing no clear trend; however,
the Sel-AI birds had significantly different mean step angles to the other three groups
throughout growth (P < 0.01-0.001) and at cull weight (P < 0.001). There were no
significant differences in mean step angle between the restricted-fed selected birds and either
of the relaxed strains at cull.

The 'mean' gait cycle for each group of birds, defining the periods spent in swing, stance
and double-contact phases, is illustrated in Figure 9. The mean percentage stance time did not
change significantly during growth in any of the four groups, and therefore neither did mean
percentage swing time, although the overall trend was for the former to increase with age and
for the latter to decrease. The Sel-AI birds had significantly greater mean percentage stance
times and smaller mean percentage swing times than Rxd-Rd birds (P <0.01-0.001) at all
times except during week 6, and than Rxd-AI birds up to week 4 (P < 0.05). At cull weight,
the selected groups showed no significant difference in mean percentage stance or mean
percentage swing times. Sel-AI birds had a significantly greater mean percentage stance time
and a significantly shorter mean percentage swing time than either of the relaxed groups
(P < 0.05-0.01). There were no significant differences in mean percentage stance or swing
times between the restricted-fed selected birds and either of the relaxed groups at cull weight.

The mean percentage double-contact time (% dct) did not change significantly with
growth in any of the groups, although the overall trend was for it to increase with time. The
Sel-AI birds had the highest mean % dct at all times during growth, and it was significantly
higher than that of either of the relaxed groups at cull (P < 0.05). There was no significant
difference in mean % dct between the selected groups, nor between the restricted-fed selected
birds and either of the relaxed groups at cull.
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Discussion and conclusions

The hypothesis that growth rate affects walking ability was tested by comparing the gait of
the ad-libitum-fed and restricted-fed birds in this study. The morphology study of the same
birds (Corr et ai, pp 145-157, this issue) showed that over the first six weeks, the rapidly
growing ad-libitum-fed selected birds had the longest legs, which should enable them to take
longer steps and so move faster. Their increase in breast muscle and larger girths resulted in a
confom1ation that should cause the steps to be wider than those taken by the other groups.
However, the present study showed that these birds walked at significantly slower speeds
than the other birds at all stages during growth. Within strains, the restricted-fed birds moved
more quickly than the ad-libitum-fed birds, possibly because they were lighter and perhaps
more highly motivated to look for food. The restricted-fed selected birds showed similar
speeds to the ad-libitum-fed relaxed birds throughout growth, and these groups were
approximately matched for bodyweight, suggesting that speed in the restricted-fed birds
probably has more to do with bodyweight than urgency to find food.

Speed, cadence and step length
Speed is a function of step length and step frequency, and each should be considered
separately. As leg length increased during growth, step length showed a significant increase
in all groups. At the same age, however, despite having longer legs, the ad-libitum-fed
selected birds took significantly shorter steps and moved more slowly. In a previous study of
Brown Leghoms using the same equipment, it was demonstrated that at low speeds (as seen
in the present experiment), speed was influenced more by cadence than by step length (Corr
et al 1998). Leg length should affect step length more than cadence, which would explain
why the extra leg length of the ad-libitum-fed selected birds did not affect their speed.
However, increased leg length in other species results in increased step or stride length
(Sutherland et aI1988), rather than in the shorter steps demonstrated by the ad-libitum-fed
selected birds. There are several possible explanations for the short step lengths of the ad-
libitum-fed selected birds. These birds have a greater pectoral muscle mass (Corr et ai,
pp 145-157, this issue), and this may displace the centre of gravity cranially, requiring the
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feet to be placed further cranially under the body for support. This would be achieved mostly
by flexion of the hip joint, which is limited (Jacobson & Hollyday 1982). As soon as the bird
moved forward, the centre of gravity would fall outside the area of support, and the other foot
would have to be quickly replaced to re-establish the equilibrium. The period during which
the bodyweight is taken on one leg is also the period of greatest instability. Decreasing step
length decreases the swing phase, during which time one leg is off the ground; decreasing
step or stride length is a commonly used method of improving stability, as seen in the gait of
young children (Todd et al 1989) and elderly humans (Murray et al 1969), and in various
types of pathological gait (Whittle 1991). Taking shorter steps is also a more efficient way of
walking at slower speeds, as the excursions of the centre of gravity are reduced; the centre of
gravity is raised when the feet are together and lowered when the craniocaudal distance
between the two feet is greatest (Cavagna & Margaria 1966). This 'conserves' energy,
decreasing the force that has to be applied to the ground to raise and reaccelerate the centre
of gravity with each step.

As speed did not change significantly despite the increase in step length during growth, it
was not surprising to find a significant decrease in cadence in all groups except the restricted-
fed selected birds. This is in agreement with studies on human gait, which have shown a
decrease in cadence with age as stride length increases (Sutherland et al 1988; Todd et al
1989). In contrast, Biewener et al (1986) showed that stride frequency in birds remained
constant with age; however, these birds were tested on a treadmill and may not have
demonstrated normal walking gait patterns.

Reducing cadence is another way of reducing the duration of single support, as a decrease
in cadence increases the cycle length mainly by increasing the duration of the stance phase
(and therefore the double-support time; Whittle 1991). The cadence of the ad-libitum-fed
selected birds was lower than that of any of the other three groups.

The slower speeds, shorter steps and lower cadences in the ad-libitum-fed selected birds
could be a response to instability. A subject remains stable as long as the line of force passing
vertically down from the centre of gravity remains within the area on the ground that is
supporting it (Whittle 1991). Increasing the support base allows for a wider 'margin of error'
in positioning the centre of gravity, exemplified by the use of canes and crutches by elderly
or disabled people (Whittle 1991). The results of the present study suggest that broilers
increase their support base in two ways: by taking wider steps, and by altering the position in
which the feet are placed on the ground.

Step width and support base
Step width increased significantly as the selected birds grew, in contrast to the relaxed birds.
Within the strains, there was no significant difference between the groups, which suggests
that growth rate did not have an effect; if the expanding girth of the birds was forcing the legs
further apart, the other groups would have similar step widths on reaching the same girths -
but this was not the case. Previous work on Brown Leghorns (Corr et a11998) reported step
widths of approximately 0.02 m, which is similar to the relaxed birds in this study. In
contrast, the steps taken by the selected birds in the present study were almost three times as
wide. Various studies have shown that while walking base decreases with age in normal
human bipeds (Todd et a11989; Whittle 1991), increases in walking base are reported in less
able subjects such as the elderly (Murray et al 1969) and people with proprioceptive or
balance defects, such as arise in cerebellar ataxia and Parkinsonism (Gabell & Nayak 1987;
Cunha 1988). Various studies in animals have also demonstrated that step width increases
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markedly in lameness, confirming that it is a useful measure of the degree of difficulty in
walking (Clarke & Parker 1986; Sheets et al1987; Farage-Elawar 1989).

The increased step width of the ad-libitum-fed selected birds is strong evidence that they
are unstable during locomotion. A markedly increased walking base makes locomotion
difficult however, as accelerating the centre of gravity in marked lateral excursions wastes a
lot of energy. Human bipeds with wide walking bases adapt by using lateral trunk-bending to
position the centre of gravity over the stance leg. The more rounded bodies and fused
synsacral vertebrae of birds make such bending of the vertebral column difficult, and instead
birds have to tip the body laterally to position the centre of gravity over the stance leg. A
similar pattern is seen in elderly people, where the vertical movement of the head (reflecting
the movement of the centre of gravity) is reduced, and the lateral movement is increased
(Murray et al 1969). In 'normal' human walking, gait optimisations result in these vertical
and lateral displacements being approximately equal (Saunders et aI1953).

The support base can also be increased by turning the feet outward (like having stabilisers
on a bicycle), which increases the lateral support without requiring the centre of gravity to
displace any further laterally, as it remains above the actual leg. This gait pattern was
demonstrated by the ad-libitum-fed selected birds, whereas birds in all of the other groups
pointed the toes inward. The relaxed birds and the restricted-fed selected birds all showed
lower degrees of inward-turning of the foot (1.6-20.1°) than did Brown Leghorns (average
33.3°; Corr et al1998), suggesting a degree of instability in all the broilers. The fact that the
restricted-fed selected birds' feet turned inward could indicate that growing more slowly
reduces locomotor instability.

Rotating the feet outward must have consequences for the skeletal system, which raises
the question of cause and effect: do problems in bone development result in limbs that rotate
outward, or does the requirement to increase stability by rotating the foot outward produce
forces which alter bone growth? The fact that bone is remodelled in response to the
functional demands placed upon it tends to suggest the latter (Bain & Watkins 1993). Post-
mortem examination of these birds (Corr et aI, pp 145-157, this issue) showed that while
none of the birds had an abnormal degree of external rotation of the tibiotarsus, some had
internal tibiotarsal rotation (particularly the ad-libitum-fed birds). No evidence of tibial
dyschondroplasia was found on histological examination of the proximal epiphyseal
tibiotarsal sections, although some birds showed slightly greater tibial plateau angles than are
considered normal. Duff and Thorp (1985a,b) have previously reported a high incidence of
internal rotation in ad-libitum-fed broilers, which they suggested was pathological; however,
a subsequent publication by Lynch et al (1992) quotes the normal range for tibiotarsal torsion
as _5° to 20°, making allowance for a mild degree of internal torsion. The results of the
present study suggest that mild internal torsions have no significant effect on gait.

It is interesting that the ad-libitum-fed selected birds were the only group to point their
toes outward, despite the higher incidence of internal tibiotarsal rotation. Even in birds with
external rotation, the degree of rotation seems insufficient to explain the extent to which the
foot was turned outward in this particular group. The examination was limited to the
tibiotarsus, however, and obviously rotation can occur elsewhere in the limb; the study by
Duff and Thorp (1985a) demonstrated external rotation of the femur and internal rotation of
the tarsometatarsus. Further work needs to be undertaken to determine the effect of torque on
the joints and tendons, as this may further compromise walking ability.

Other studies have demonstrated that the foot is placed with the medial toe pointed inward
in normal chicks, but more in line with the direction of walking in lame birds (Sheets et al
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1987). An increased angle of 'toe-out' has also been reported in the gait of elderly people
(Murray et aI1969).

Gait cycle
As timing of the phases of the gait cycle changes with cycle length (and therefore speed),
comparisons are more valid if events are described as percentages of the total cycle time. In
'normal' human walking, the stance phase accounts for approximately 60% of the gait cycle
and the swing phase for 40%. For each stance period of a particular foot, the opposite foot is
also in contact with the ground for 10% of the time, known as the period of double support
(Whittle 1991). While the gait pattern of the restricted birds in the present study
approximated these timings, the ad-libitum-fed selected birds had much longer stance and
double-contact periods for each foot, and shorter swing periods. Again, the gait pattern of the
ad-libitum-fed selected birds showed similarities to those of less stable humans, such as
children and the elderly, both of which use shorter swing phases ancIJor longer stance and
double-contact periods (Murray et al 1969; Todd et al 1989). There have been few other
studies on birds that have measured cycle timing. A study by Jacobson and Hollyday (1982)
reported absolute value ranges but, as the times vary depending on speed, it is difficult to
make useful comparisons with these results.

The longer stance and double-contact times and the shorter swing periods of the ad-
libitum-fed selected birds complement previous findings in supporting the hypothesis that
these birds are attempting to improve their stability. In particular, the increased length of the
double-contact periods means that there is a wider support base for a greater time (balance
being maintained while the centre of gravity is positioned between the feet, rather than over
one foot as it is during the stance period). There are also other benefits to keeping the foot in
contact with the ground for longer periods. The morphological study (Corr et ai, pp 145-157,
this issue) showed that the ad-libitum-fed selected birds were moving larger masses on
relatively shorter lever arms (composed of immature bone), resulting in greater stresses on
the skeleton. Assuming that a given load has to be moved, the total force exerted by a limb
(the 'impulse') is equivalent to force x time. For a given impulse, increasing ground contact
time enables the peak forces to be reduced, decreasing the strains on the bones and helping to
keep them within 'safe limits'. Exceeding 'safe limits' can cause excessive microdamage,
which can result in pathological remodelling and eventually failure of the bone (Rubin &
Lanyon 1985; Frost 1994a,b). The period of single leg contact is the period of greatest stress,
when the whole bodyweight is loaded onto a single leg. Studies on unilateral weight-bearing
in poultry have reported an increased incidence of abnormalities such as tibial
dyschondroplasia in the weight-bearing or 'over-loaded' limb (Duff 1986; Thorp & Duff
1988). It is therefore beneficial to share the load between the two legs for as much time as
possible by increasing double-contact times.

Animal welfare implications
This study has shown that the abnormal gait patterns demonstrated by ad-libitum-fed selected
broilers can be broken down into parameters which can be objectively measured. Many of
the gait patterns demonstrated by the ad-libitum-fed broilers serve to increase stability during
walking and are a likely consequence of the morphological changes in these birds-
especially the rapid growth of breast muscle moving the centre of gravity forward and the
relatively short legs compared to the birds' bodyweight (Corr et ai, pp 145-157, this issue).
This altered gait would be very inefficient and would rapidly tire the birds, which could help
to explain the low level of activity seen in modern broilers. Thus, even if the abnormal gait
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pattern results from biomechanicallimitations rather than from pain, the welfare of the birds
will be compromised if, for example, they are less capable of reaching the feeders or
drinkers.
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