
 ameness has been linked   
	 to	a	significant	decrease	in	sow		
	 productivity	and	is	known	to	 
increase	the	odds	of	early	removal	 
from	the	herd	(Anil	et al., 2008). When 
sows	are	culled	at	a	younger	age,	it	is	
more	often	than	not	for	this	specific	
reason.	The	early	age	of	removal	has	
a	negative	impact	on	litter	size,	piglet	
survival	and	may	increase	the	disruption	
of	herd	health	status.	
Anil	et al.	(2009a)	conducted	a	cohort	
study	to	examine	the	relationship	
between	lameness	and	its	effects	on	
reproductive	performance	and	sow	
longevity.	The	results	of	the	study	
showed	that	lame	sows	had	litters	of	
smaller	sizes	along	with	a	smaller	
number	of	pigs	born	alive	(Table 1).  
Additionally,	sows	had	a	lower	rate	
of	survival	350	days	after	reports	of	
lameness,	and	spent	fewer	days	in	the	
herd.	Clearly,	the	study	revealed	the	
significant	differences	between	lame	and	
non-lame	sows	in	survivability.	The	sow	
longevity	also	was	affected	by	parity	and	
farrowing	performance.	
While	surveys	have	shown	that	greater	
than	88%	of	sows	have	at	least	one	claw	
lesion	(Anil	et al., 2007), not all lesions 
are	indicative	of	lameness.	The	lesions	
of	greatest	concern	are	those	which	
penetrate	the	horn	wall	into	the	corium	
of	the	foot	causing	an	inflammatory	
response	(sidewall	cracks	or	white	line	
lesions)	as	these	lesions	cause	pain	
and	locomotion	problems	for	sows.	
It	is	important	for	swine	producers	to	
measure	and	understand	how	and	why	

claw	lesions	are	occurring	in	order	to	
help	develop	management	factors	to	
decrease	claw	lesions,	lameness	and	 
the	risk	of	early	removal	of	sows	from	
the	herd.	
The	following	overview	is	designed	to	
help	build	an	understanding	of	how	the	
metabolic	and	mechanistic	pathways	of	
inflammation	from	lameness	influence	
sow	reproductive	performance.

Inflammatory  
Response Basics
When	an	animal	has	an	inflammatory	
response,	most	of	the	adjustments	that	
happen	within	the	body	are	mediated	
by	a	cascade	of	polypeptide	molecules	
called	inflammatory	cytokines.	In	
simplistic	terms,	cytokines	are	released	
to	help	the	body	fight	against	possible	
toxins	and	other	harmful	byproducts	of	
an	injury.	The	release	of	cytokines	leads	
to	a	variety	of	metabolic	and	endocrine	
changes	in	the	body.	Cytokines,	along	
with	hormones,	also	have	an	impact	on	
the	function	of	specific	reproductive	
organs.

Nutrient Partitioning
The	release	of	cytokines	in	response	to	
inflammation	will	also	cause	a	change	
in	how	nutrients	will	be	utilized	and	
prioritized	within	the	body.	Processes	
and	organs	of	the	immune	system	will	
take	priority	over	other	production	
metabolism.	In	other	words,	increased	
energy	will	go	to	the	intestinal	tract,	
immune	organs,	liver,	lungs	and	brain,	
while	systems	not	as	necessary	for	
survival	such	as	reproduction	will	
receive	decreased	nutrient	flow.	In	
addition,	the	immune	system	demands	
and	requires	a	different	priority	of	amino	
acids	compared	to	those	that	optimize	
lactation,	growth	and	reproduction.
All	organ	systems	are	altered	by	acute	
and	chronic	inflammatory	states.	There	
are	dramatic	shifts	observed	in	liver	
function	in	livestock	with	an	acute-
phase	inflammatory	response.	Some	
of	the	changes	in	the	liver	include	
suppression	of	albumin,	transferring	
of	ceruloplasmin,	and	increased	
synthesis	of	proteins	like	fibrinogen	and	
C-reactive	protein.	 
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a  Adapted from Anil et al., 2009a. J. Am. Vet. Med. Assoc. 235(6):734-738

Table 1. Effects of Lamenessa

 Not Lame Lame P Value

Pigs born per day 0.049 ± 0.002 0.028 ± 0.003 < 0.001

Survival at 350 days, % 44.6 23.6 < 0.001

Total days in herd 215.7 ± 4.45 148.3 ± 10.67 < 0.001



Many	of	the	claw	lesions	and	injuries	
similarly	fall	into	these	types	of	acute	and	
chronic	inflammatory	wounds	and	show	
dramatic	changes	in	the	reproductive	
system.	The	release	of	cytokines	that	
accompany	foot	injuries	ultimately	leads	
to	alterations	in	the	liver	in	different	
species	of	livestock.	Scientifically,	this	
link	makes	the	impact	of	lameness	
and	other	foot	injuries	on	reproduction	
much	more	plausible.	It	also	leads	to	an	
understanding	of	why	researchers	report	
an	increase	in	abortions,	absorptions	of	
embryos,	decreased	litter	size	and	a	lack	
of	sows	returning	to	estrus	when	sows	are	
severely	lame.

Impact Of Stressors On  
Claw Horn
Immune	barrier	dysfunction	is	another	
inflammatory	response	that	can	be	
studied	to	help	in	the	understanding	of	
claw	inflammation.	Studies	(Lambert	
et al.,	2002,	2007	and	2008)	showed	
an	increase	in	barrier	dysfunction	
with	the	impact	of	several	factors	
including	heat	stress,	water	deprivation	
during	strenuous	workouts	and	the	
usage	of	aspirin	and	ibuprofen	during	
intense	exercise.	These	studies	help	
to	understand	some	of	the	different	
stressors	which	can	create	inflammatory	
response,	by	increasing	the	amount	
of	endotoxin	that	passes	through	the	
immune	barrier	of	the	intestinal	tract.	
These	different	kinds	of	stressors	can	
also	impact	keratinocyte	growth	and	
differentiation	of	claw	horn	tissue.	
Changes	in	the	architecture	of	the	
horn	tissue	may	be	affected	when	
communication	between	the	dermal	and	
epidermal	layers	is	interrupted	causing	
changes	in	biomechanical	properties	
such	as	elasticity	and	hardness.	In	a	
small	study	looking	at	the	correlation	
between	visible	claw	lesions	and	
inflammation	of	the	underlying	corium,	
De	Silva	et al.	(2010)	found	that	all	
lesions	were	associated	with	a	pathology	
of	the	underlying	corium.

Feed Consumption 
And Body Condition
Inflammation,	often	accompanied	
by	pain,	is	one	of	the	most	apparent	
consequences	of	lameness.	The	effects	
of	inflammation	on	feed	intake	or	
nutrient	partitioning	negatively	impacts	
sow	body	composition	and	condition	
during	lactation,	while	also	causing	
a	decrease	in	the	amount	of	nutrients	
going	toward	reproduction.	
Lactation	is	one	of	the	most	 
energetically	expensive	and	challenging	
activities	that	a	female	can	undertake.	
Therefore,	maintaining	feed	intake	is	
crucial	to	sow	well-being	and	overall	
performance.	Feed	intake,	especially	
during	certain	stages	in	the	reproductive	
cycle,	influences	many	of	the	body’s	
systems	in	significant	ways.	For	
example,	the	decrease	of	energy	and	
protein	consumption	during	lactation	
may	disrupt	or	even	change	the	
amount	of	signaling	of	gonadotropin-
releasing	hormone	(GnRH)	from	the	
hypothalamus.		This	signal	impacts	

the	amount	of	luteinizing	hormone	
(LH)	and	follicle-stimulating	hormone	
(FSH)	released	and	subsequently	
affects	steroidogenesis	of	the	ovary.	
The	reproductive	effects	of	inadequate	
feed	intake	during	lactation	seem	to	be	
mediated,	at	least	in	part,	through	 
LH	secretion	and	embryo	mortality	
(King	and	Martin,	1989).	Meeting	
sufficient	levels	of	energy	and	protein	
through	consumption	of	feed	is	
crucial	to	the	release	of	the	hormones	
necessary	for	proper	functioning	of	the	
reproductive	system.

Impact Of Nutrition
When	Zn,	Mn	and	Cu	as	amino	acid-
complexed	minerals	were	supplemented	
to	sows	in	a	controlled	experiment,	
results	showed	a	decrease	in	claw	
lesions	of	sows	housed	in	gestation	
crates	(Anil	et al.,	2009b).		These	sows	
were	fed	gestation	and	lactation	diets	
that	were	identical	except	for	the	source	
of	Zn,	Mn	and	Cu.	Sows	were	fed	diets	
containing	a	partial	substitution	of	the	
inorganic	trace	minerals	with	amino	

Figure 1. Association Of Supplementing Amino Acid Complexesa With The 
Number Of Claw Lesions In Stall-Housed Sows
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It is important for swine producers to measure and 
understand how and why claw lesions are occurring  
and then develop a management plan.

a  Amino Acid Complexes; partial substitution with 50 ppm Zn as zinc amino acid complex,  
   20 ppm Mn as manganese amino acid complex, 10 ppm Cu as copper amino acid complex
y  Trend for a decrease in lesions, P < 0.07 
z  Decrease in claw lesions, P < 0.05



acid-complexed	minerals	(50	ppm	of	
Zn,	20	ppm	Mn,	10	ppm	of	Cu).	The	
remainder	of	the	supplemental	 
trace	minerals	was	provided	by	
inorganic	sulfate	sources	that	also	were	
used	in	the	control	diet	(Zn	125	ppm,	
40	ppm	Mn	and	15	ppm	of	Cu).		
Results	indicated	that	the	sows	fed	
trace	minerals	as	amino	acid	complexes	
had	less	(P	<	0.05)	lesions	on	the	hind	
limbs	than	control	sows	(Figure 1).  
These	sows	had	fewer	lesions	on	the	
lateral	claws	and	fewer	total	number	of	
lesions	(P < 0.07) (Figure 1).		Analysis	
on	prevalence	of	lameness	was	lower	 
(P	<	0.05)	for	the	sows	fed	trace	 
mineral	amino	acid	complexes	(34%	
vs.	51%)	over	sows	fed	inorganic	
trace	minerals	(Figure 2)	(Anil	et al., 
2010a).		In	this	same	study,	lesion	
severity	scores	were	lower	(P	<	0.05)	
for	total	lesion	score	and	for	total	
lateral	claw	lesion	score	when	sows	
were	fed	diets	containing	trace	minerals	
as	amino	acid	complexes	(Figure 3).  
When	reproductive	performance	was	
evaluated	the	sows	fed	trace	mineral	
amino	acid	complexes	had	more	 
(P	<	0.05)	pigs	born	alive	(11.07	±	
0.21	vs.	10.44	±	0.22)	and	heavier	
litter	birth	weight	(P	<	0.07)	(37.45	±	
0.68	vs.	35.64	±	0.73,	lb)	(Anil	et al., 
2010b).		Clearly	there	is	an	economical	
performance	benefit	to	improved	trace	
mineral	nutrition	as	affected	by	trace	
mineral	source.

Figure 3. Improvement In Severity Scores When Feeding Amino Acid  
Complexesaz In Stall-Housed Sows
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Figure 2. Percent Lamenessa In Sows When Fed Amino Acid  
Complexes vs. Inorganic
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Key Take-Aways

•  The release of cytokines in response to inflammation causes a change in 
how nutrients are utilized and prioritized within the body.

•  When the immune system is activated, it uses more and more energy to 
fight inflammation or insult, taking energy that would have been distributed 
to the reproductive system.

•  When there is injury, inflammation and lameness, there is typically a 
decrease in feed intake.

•  When there is a decrease in feed intake, this may decrease the amount of 
nutrients available for reproduction by decreasing brain signals, hormone 
output and reproductive performance.

Conclusion
Claw	health	is	crucial	to	the	overall	
well-being	of	the	sow.	If	not	properly	
treated,	negative	claw	conditions	can	
lead	to	lameness	and	may	result	in	
further	complications.	This	causes	a	
devastating	loss	to	swine	producers	by	
decreasing	reproductive	performance	
and	longevity,	as	well	as	significantly	
increasing	cost	of	production.		
By	improving	our	understanding	of	
the	factors	that	contribute	to	sow	
lameness	and	inflammation,	hopefully	
we	can	prevent	these	circumstances	
from	occurring	and	avoid	the	many	
downfalls	of	lameness.

a   Amino Acid Complexes; partial substitution with 50 ppm Zn as zinc amino acid complex, 20 ppm Mn as 
manganese amino acid complex, 10 ppm Cu as copper amino acid complex

z  Decrease in claw lesions, P < 0.05

a  Kruskal-Wallis test
b  Sulfates provided 125 ppm Zn, 40 ppm Mn, 15 ppm Cu
c   Amino Acid Complexes; partial substitution with 50 ppm Zn as zinc amino acid complex, 20 ppm Mn as 

manganese amino acid complex, 10 ppm Cu as copper amino acid complex
z  Reduction in lameness, P < 0.001
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Availa®Sow, fed at only grams per day,  
is just what your swine operation needs to  
reduce lameness, improve performance and 
achieve greater profitability. Research-proven 
responses to feeding the trace minerals found  
in Availa-Sow include:
	 •	Improved	claw	integrity
	 •	Improved	reproductive	efficiency
	 •	Increased	pigs	weaned	per	sow	lifetime

Take the first step to reducing lesions and early 
exit from the herd. Contact your local Zinpro 
representative to learn more about Availa-Sow 
from Zinpro Performance Minerals®.
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