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Introduction
Lameness has a significant

impact on animal welfare. The results of
a recent survey conducted by our
research group indicate that 84% of
sows at slaughter had one or more foot
lesions (Knauer et al., 2007). Lameness
is therefore considered one of the most
important causes of culling sows in the
United States. Furthermore, the exit of
gilts and sows from the breeding herd
prior to return on their economic inputs
results in a net monetary loss for the
farm. Stalder et al., (2004) noted that
improving longevity by .10 parities (from
3.4 to 4.4 average parity at culling) is
worth ~$23 million/year to the U.S. pork
industry. Science-based guidance for
the industry on optimal housing,
management and treatment of lame pigs
is deficient. There are no approved drug
treatments for analgesia use in lame
swine, and the identification and
validation of robust, repeatable pain
measurements is fundamental for the
development of effective analgesic drug
regimens and management strategies
for use in lame pigs (AVMA; 2010; FDA,
2010). Research to address the limited
knowledge in this area is essential to
formulating science-based
recommendations for pig producers.
This will become especially important if
legislative actions succeed in preventing
downed animals from entering the
human food chain (Prevention of Farm
Animal Cruelty Act and the Healthy

School Meals Act) regardless of
etiology.

Pain and behavior
In veterinary medicine, changes

in an animal’s behavior are often used
as the first clinical signs of illness, injury
or pain. Good stockpeople develop an
“‘eye” for the animals in their care, and
become highly skilled at picking up
subtle changes in behavior patterns at
the individual animal or pen level.
Animal behavior is a key parameter to
evaluate animal welfare since it
accurately  reflects the  animal’s
integrated response to its situation
(Broom, 1991; Dawkins, 1980) but the
characteristics of subjective emotional
states such as fear and pain sensation
or perception are such that they can
only be measured indirectly in humans
or animals.

Pain is defined by the
International Association for the Study of
Pain (IASP) as “an unpleasant sensory
and emotional experience associated
with actual or potential tissue damage,
or described in terms of such damage.’
The IASP adds, “The inability to
communicate verbally does not negate
the possibility that an individual is
experiencing pain and is in need of
appropriate pain-relieving treatment.”
This is an important point, especially
when discussing pain in animals, and
even more so in food-producing
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animals, such as pigs. Animals can
visibly communicate their pain to us only
through  physical signs. Behavior
commonly associated with pain in swine
include: vocalization, abnormal standing
posture, decreased body weight,
reluctance to move, decreased appetite,
restlessness, head turning and limping
(Hay et al., 2003; Leidig et al., 2009;
Weary et al., 1998). Furthermore, when
a pig is lame the stride length shortens,
movements are more “stiff’ and the
animal has a lowered ability to
accelerate and change direction (Corr,
2003). Locomotor disorders can be
associated with neurological disorders,
lesions of the hoof or limb, or a
mechanical-structural problem, trauma,
or metabolic and infectious disease
(Main et al., 2000; Smith, 1988; Wells,
1984).

Are lame animals in pain?

Classical work by McGeown et
al., (1999) and Danbury et al., (2000)
posed the question “are broiler birds in
pain through lameness and if so will
they choose a feed laced with a non-
steroidal anti-inflammatory drug
(NSAID) drug?” These bodies of work
concluded that broilers that were
assigned high lameness  scores
negotiated an obstacle course faster
after the administration of a NSAID
drug. Lame birds significantly selected
more drugged feed than sound birds,
and as the severity of the lameness
increased they consumed significantly
more of the drugged feed. Well-being
was compromised in broiler birds that
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were unable to reach food and water
and they died from starvation and
dehydration. Work addressing pig
analgesic drugs and/or environmental
preferences when pigs are experiencing
differing levels of lameness pain has not
been addressed. In regard to swine
welfare, this information is critical when
considering treatment options that a
producer or veterinarian may employ.

Technologies to detect lameness
pain in pigs at lowa State University
(ISV)

Numerical rating scoring and
visual analog scoring systems are
common in production systems, but are
highly subjective with varying degrees of
inter- and intra- observer correlation.
Therefore, the swine intensives study
laboratory at ISU was created in 2009
through internal and external funds
garnered by Anna Johnson, Locke
Karriker, Ken Stalder, Hans Coetzee
and Suzanne Millman. The aim of this
laboratory is to validate repeatable,
objective and robust tools that can be
implemented on farms to assist in
detecting and treating lameness pain in
pigs
(http://vetmed.iastate.edu/research/labs/
SwinelLab). Behavior in home pens,
behavioral kinematics whilst walking and
standing and reactions that indicate
sensitivity to pain allow us a non-
invasive analysis of pain lameness that
can be correlated with the other
diagnostic tools (i.e. performance,
anatomy, health and physiology).
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Embedded microcomputer-
based force plate system

Plantar test (thermal sensitivity)

Induction of lameness
Most research has focused on

behavioral or physiological changes
associated with acute pain (Anil et al.,
2002; Ting et al., 2003; Stilwell et al.,
2008). These changes can be complex,
with natural variation between animals
complicating the differentiation of pain
from other factors such as stress
(Anderson and Muir, 2005). Induction of
lameness allows  for  controlled
evaluation of lameness pain in animals
because pre- and post lameness

Figure 1. Swine intensives laboratory at lowa State Uni

versity
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measurements can be taken from the
same animal, thereby reducing the
confounding effects of individual
differences. This approach has been
published by Kotschwar et al., (2009).
The authors concluded that the
amphotericin B-induced synovitis-
arthritis model was a useful tool for
studying changes associated with
lameness in cattle through the use of
pressure mats, heart rate and visual
scoring of lameness. Preliminary work
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Lameness score

from our group has compared gait
scoring of six sows when sound and
made lame using this transient
chemically induced model. Results
indicate that at 24 hours post injection,
the average lameness scores were
2.75, 2.00, and 0.50 for the HI, LO and

CO sows respectively (Figure 2). The
CO sows’ average returned to 0 at 72
hours post injection, HI sows’ average
returned to 0 at 144 hours, and LO sows’
average score returned to 0 at 192 hours
post injection.

Figure 2. Average lameness scores by hours post injection and dose in sows injected

intra-articularly with amphotericin B.
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On the GAITFour system, the
total number of sensors activated (SEN)
decreased for the amphotericin treated
feet suggesting a smaller footprint and
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pressure was shifted to the non-treated
foot at 48 hours post injection. These
changes resolved by 144 hours post
injection (Table 1).

Table 1: Objective Gait Analysis Parameters Least Square Means (+SE) for the
Investigation of Amphotericin B Induced Lameness in Sows (HI and LO treatments

combined)
HP**
0 48 144
SEN count 30.6*+1.75 26.9° +1.73 29.7%+1.76
DIFF Max 8.16% + 3.06 -11.02° + 2.89 11.06% + 3.16

*Different row superscripts indicate difference at P<0.05.

*HPI = Hours Post Injection.

SEN=number of sensors activated by amphotericin treated foot on the pressure mat.

DIFF=calculated difference between the MAX pressure of treated versus untreated rear feet.

Additional work characterized
differences in weight bearing with the
induction of lameness (amphotericin B
chemical synovitis/arthritis model) in
sows. The diagnostic tool to be tested
was a prototype embedded micro-
computer based force plate system built
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by the research team. A total of 24
clinically normal, mixed parity, mixed
breed sows were used. Four treatments
were compared, sows that were injected
on the front left hoof (n = 6), front right
hoof (n = 6), rear right hoof (n = 6) and
rear left hoof (n = 6). Each sow served
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as her own control and weight carried by
each of all four legs was measured
individually at all time periods. When
clinically sound (baseline; B) sows
placed equal amount of weight over the
four hooves. However, on the day after
injection when they were clinically the
most severely lame, (L) regardless of

In addition we were able to
accurately inject into the interphalangeal
joint space using 10 mg of

the hoof treated, sows placed less
weight on that injected hoof and
dispersed their weight over the three
unaffected hooves. Seven days after
injection, lameness had resolved (R)
clinically, and sows were again placing
equal weight over their four hooves as
measured on the prototype (Figure 3).

Amphotericin B that induced a transient
lameness model (Figure 3).
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Figure 3. Sows were injected in the distal interphangeal joints with 10mg amphotericin B
in either the front left hoof (a), front right hoof (b), rear right hoof (c) or rear left hoof (d).
All lame days were different from baseline and resolution in all hooves at P<0.05.
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Conclusions
The long-term goal of our determine refinements to housing in

research group is to validate objective
tools to assess pain. These tools will be
used to develop management strategies
and to screen analgesics that have
shown efficacy in other species for
pharmacokinetic profiles in swine. This
would allow for treatment in a production
setting, and to establish efficacious
analgesic drug regimens for various
painful production outcomes in pigs and
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order to facilitate convalescence and
comfort in lame swine. In response to
the urgent need for pain-mitigation
strategies in  American livestock
production, we will continue to evaluate
an innovative lameness model in pigs

and the effect of pain mitigation
strategies  including  environmental
modification and analgesic  drug
administration.

26



References

American Veterinary Medical Association. Backgrounder: Welfare implications of the
castration of cattle. Available at:
http://www.avma.org/reference/backgrounders/dehorning_cattle bgnd.asp Accessed
30 June 2010.

Anderson D E, Muir WW. Pain management in cattle. Veterinary Clinical North
American Food Animal Practice. 2005; 21:623-635.

Anil SS, Anil L, Deen J. Challenges of pain assessment in domestic animals. Journal of
American Veterinary Medical Association. 2002; 220:313-319.

Broom DM. Animal welfare: Concepts and measurements. Journal of Animal Science.
1991; 69:4167-4175.

Corr SA. Evaluation of ground reaction forces produced by chickens walking on a force
plate. American Journal of Veterinary Research. 2003; 64:76-828.

Danbury TC, Chambers JP, Weeks CA, Waterman AE, Kestin SC. Self selection of
analgesics by broiler chickens. Animal Choices. Occasional Publication No. 20.
1997. Eds. Forbes, JM, Lawrence, TL., Rodway RG, Varley MA. British Society of
Animal Science.

Dawkins MS. Animal Suffering: The Science of Animal Welfare. 1980. Chapman and
Hall: London, UK.

Food and Drugs (FDA). Guidance for Industry development of target animal safety and
effectiveness data to support approval of non-steroidal anti-inflammatory drugs
(NSAIDS) for use in animals. Available at;
http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/
Guidanceforindustry/UCM052663.pdf Accessed on June 24 2010.

Hay M, Vulin A, Génin S, Sales P, Prunier A. Assessment of pain induced by castration
in piglets: behavioral and physiological responses over the subsequent 5 days.
Applied Animal Behaviour Science. 2003; 82:201-218.

Knauer M, Stalder KJ, Karriker L, Baas TJ, Johnson C, Serenius T, Layman L, McKean
JD. A descriptive survey of lesions from cull sows harvested at two Midwestern U.S.
facilities. Preventive Veterinary Medicine. 2007; 82:198-212.

Kotschwar JL, Coetzee JF, Anderson DE, Gehring R, KuKanich B, Apley MD. Analgesic
efficacy of sodium salicylate in an amphotericin B-induced bovine synovitis-arthritis
model. Journal of Dairy Science. 2009; 92:3731-3743.

Leidig MS, Hertrampf B, Failing K, Schumann A and Reiner G. Pain and discomfort in
male piglets during surgical castration with and without local anaesthesia as
determined by vocalization and defence behaviour. Applied Animal Behaviour
Science. 2009; 116:174-178.

Main DCJ, Clegg J, Spatz A, Green LE. Repeatability of a lameness scoring system for
finishing pigs. Veterinary Record. 2000; 147: 574-576.

McGeown D, Danbury TC, Waterman-Pearson AE, Kestin SC. Effect of carprofen on
lameness in broiler chickens. Veterinary Record. 1999; 144: 668-671.

Smith B. Lameness in pigs associated with foot and limb disorders. In Practice. 1988;
10:113-117.

Stalder KJ, Knauer M, Baas TJ, Rothschild MF, Mabry JW. Sow Longevity. Pig News

and Information. 2004; 25(2):53N-74N.

FeetFirst® Sow Lameness Symposium Il, Minneapolis, MN, USA, August 31-September 2, 2010 27


http://www.avma.org/reference/backgrounders/dehorning_cattle_bgnd.asp
http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/UCM052663.pdf%20Accessed%20on%20June%2024
http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/UCM052663.pdf%20Accessed%20on%20June%2024
http://www.sciencedirect.com.proxy.lib.iastate.edu:2048/science?_ob=ArticleURL&_udi=B6T48-487DM1B-1&_user=716796&_coverDate=07%2F15%2F2003&_alid=1352869800&_rdoc=2&_fmt=high&_orig=search&_cdi=4968&_sort=r&_docanchor=&view=c&_ct=260&_acct=C000040078&_version=1&_urlVersion=0&_userid=716796&md5=a78b771b0b08098125c3b3c8f3ee41a1
http://www.sciencedirect.com.proxy.lib.iastate.edu:2048/science?_ob=ArticleURL&_udi=B6T48-487DM1B-1&_user=716796&_coverDate=07%2F15%2F2003&_alid=1352869800&_rdoc=2&_fmt=high&_orig=search&_cdi=4968&_sort=r&_docanchor=&view=c&_ct=260&_acct=C000040078&_version=1&_urlVersion=0&_userid=716796&md5=a78b771b0b08098125c3b3c8f3ee41a1

Stilwell, G., M. S. Lima, and D. M. Broom. 2008. Effects of nonsteroidal anti-
inflammatory drugs on long-term pain in calves castrated by use of an external
clamping technique following epidural anesthesia. American Journal of Veterinary
Research. 2008; 69:744-750.

Ting, S. T. L., B. Earley, J. M. L. Hughes, and M. A. Crowe. Effect of ketoprofen,
lidocaine local anesthesia, and combined xylazine and lidocaine caudal epidural
anesthesia during castration of beef cattle on stress responses, immunity, growth,
and behavior. Journal of Animal Science. 2003; 81:1281-1293.

Weary DM, Braithwaite LA, Fraser D. Vocal response to pain in piglets. Applied Animal
Behaviour Science. 1998; 56:161-172.

Wells GAH. Locomotor disorders of the pig. In Practice. 1984; 6 43-53.

Wells SJ, Trent AM, Marsh WE, Robinson RA. Prevalence and severity of lameness in
lactating dairy cows in a sample of Minnesota and Wisconsin herds. Journal of
American Veterinary Medical Association. 1993; 202:78-82.

FeetFirst® Sow Lameness Symposium Il, Minneapolis, MN, USA, August 31-September 2, 2010 28


http://www.sciencedirect.com.proxy.lib.iastate.edu:2048/science?_ob=ArticleURL&_udi=B6T48-3SRJ2N8-8&_user=716796&_coverDate=03%2F31%2F1998&_alid=1352869800&_rdoc=7&_fmt=high&_orig=search&_cdi=4968&_sort=r&_docanchor=&view=c&_ct=260&_acct=C000040078&_version=1&_urlVersion=0&_userid=716796&md5=d7baae64c5d7fba5a457d97de4cf6c4c

