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Executive Summary 
While reproductive disorders collectively account for the bulk of early sow culls, the single 

biggest contributor to premature culling of sows is lameness, representing a significant 

cost impost to the producer. Sow foot health and lameness is influenced by a wide variety 

of factors including the gilt rearing regime, pen environment, floor type and management 

during gestation and lactation, and nutritional regime to name but a few. 

The aims of this project were to use physical and/or nutritional strategies in gilts and sows 

as a means of improving longevity and reduce culling. The specific technical objectives of 

this project included: 

 Utilizing feet trimming interventions to reduce the incidence of lameness; 

 Develop methods for the rapid assessment of sow lameness; 

 Utilize trace elemental analysis to assess the effectiveness of mineral 

supplementation programs. 

This intervention showed that we can change the incidence of foot lesions, with trimming 

in the first gestation significantly reducing the prevalence of heel overgrowth and erosion 

(HOE) in the front feet in parity three sows. Whilst other lesions increased in prevalence 

with age, HOE is a major factor in itself leading to lameness, and to the development of 

heel sole cracks, wall cracks both vertical and horizontal and white line separation 

(Ossent, 2010). Trimming did not significantly influence the reproductive performance of 

sows, although trimmed gilts tended to have a shorter wean-to-oestrus interval (WEI) than 

the control group after first weaning. While it appears that wean-to-oestrus interval may 

be influenced by trimming, the additional cost associated with remedial trimming is 

unlikely to pay dividends from a reproductive perspective alone, although any benefits to 

the sow from a welfare perspective need to be quantified. 

Thermal imaging was successful in detecting heat changes within the limbs of the sow. 

Sows with a severe compromised gait had identifiable variations in temperature with 

associated thermal imaging caused by lameness. There was a large number of sows that 

showed inflammation in joints and muscle, which did not exhibit a compromised gait. This 

may be ascertained to early signs of joint inflammation and more precisely, 

osteochondritis from mechanical overloading. This research indicates that Thermography 

can be used as a non-invasive veterinary tool in sows to efficiently provide a risk 

assessment and determine appropriate treatment protocol of critically lame sows. 

Trace mineral analysis was able to successfully demonstrate differences in mineral 

absorption when organic minerals were added to a mineral premix. The analysis of hair 

samples showed distinctively different patterns of deposition for zinc and manganese, 

whilst the patterns of deposition for copper and selenium were more uniform. The 

inclusion of additional levels of organic minerals impacted other minerals that are known 

to be important for bone health development, with the pattern of deposition of calcium, 

phosphorus and magnesium being markedly altered. It would appear that the inclusion of 

these minerals for foot health plays a role beyond their direct inclusion. 
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1. Introduction 

While reproductive disorders collectively account for the bulk of early sow culls, the single 
biggest contributor to premature culling of sows is lameness (Hughes and Smits, 2002). This 
represents a significant cost impost to the Australian and International herds, and with an 
increase in group housing of sows occurring, the incidence is likely to increase as are the 
welfare implications. To counter this, we need to improve our understanding of those factors 
that can be used to prevent the incidence of sow lameness in a wide variety of environments. 

Sow foot health and lameness is influenced by a wide variety of factors including the gilt 
rearing regime, pen environment, floor type, management during gestation and lactation and 
nutritional regime to name a few. For this reason it is difficult to identify individual factors 
that contribute to poor sow foot health without any interaction with other causal agents, 
particularly nutritional factors. In most cases, links between nutrition and sow foot health are 
based on deficiencies of specific nutrients and subsequent effects on the functional anatomy of 
the foot. Very little research has been undertaken to demonstrate potential benefits arising 
from nutritional supplementation above basic requirements and the subsequent effects on sow 
foot condition. 

Sow foot health can be characterized by the incidence of foot lesions and associated lameness. 
Foot lesions observed in sows vary in severity and can include heel erosions, separation along 
the white line, toe erosions, sole erosions, false sandcracks, deep necrotic ulcers, sinuses at 
the coronary band, and chronic fibrosis. Claw lesions are of particular concern due to their 
association with lameness with lameness being a major reason for early removal of sows from 
breeding herds. Studies at the Dutch Research Institute for Pig Husbandry showed that claw 
conditions cause 85 % of the cases of lameness of pigs in the Netherlands. As part of the Zinpro 
"FeetFirst" program a survey showed that in an Australian herd, where the prevalence of claw 
lesion associated with the heel, sole and white line was greater than 90%, severe heel 
overgrowth and erosion, severe lesions at the heel sole junction and severe white line lesions 
were observed in approximately 30% of the feet. A field study of 36 Norwegian sow herds 
conducted over 12 months found more than 96 % of loose housed sows and 80 % of stalled sows 
had at least 1 lesion on the lateral hind claws after culling and slaughter at the abattoirs. 
Clinical signs of claw lesions include buck-kneed forelegs, upright pasterns, steep hock joints, 
turn out of hind legs, standing under position on hind legs, stiff movements, swaying 
hindquarters, goose-stepping hind legs, and a tendency to slip and lameness. 

The role of nutrition in the predisposition of pigs to developing claw lesions is related to the 
effect of specific nutrients on claw quality, in particular claw hardness. Hoof horn is produced 
through keratinization of epidermal cells. Keratinization is controlled and modulated by a 
variety of bioactive molecules and hormones. This process is dependent on an appropriate 
supply of nutrients including vitamins, minerals and trace elements. When nutrient supply to 
keratin forming cells is compromised or completely interrupted, inferior keratinized tissue, or 
horn, is produced, which may lead to increased susceptibility to claw disorders and potentially 
lameness. Nutrients that have been observed to have an important role in claw keratin 
formation include the amino acids cysteine and methionine, the minerals calcium, zinc, 
copper, selenium, manganese and vitamins A, D, E and biotin. The majority of studies 
investigating the effect of vitamin and mineral supplementation or deficiencies on foot health 
have been conducted on cows. An exception to this is the vitamin biotin for which numerous 
studies have been conducted on pigs to investigate its effects on claw integrity. 

Interest in the effect of biotin requirements of pigs stemmed from several field reports in the 
mid-1970s describing disease conditions similar to those reported for experimentally induced 
biotin deficiencies (Kornegay, 1986). Since this time a number of studies have been conducted 
with varying responses results being reported. Some studies have reported improvement in 
hoof hardness and compression, compressive strength as well as a reduction in hoof cracks and 
footpad lesions with biotin supplementation (Brooks et al., 1977; Penny et al., 1980; Bryant et 
al., 1985 a,b; Misir and Blair , 1986; Simmins and Brooks, 1988; Kopinski & Leibholz, 1989; 
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Greer et al., 1991) whilst others have reported no improvement in foot conditions in pigs 
receiving biotin supplementation (Hamilton & Veum, 1984; Lewis et al; 1991). The 
inconsistencies in the literature with regard to the effect of biotin supplementation on the 
health of pig’s feet may be due to the variation in the composition and thus biotin content and 
availability of biotin in the basal diet, variation in the duration of experiments, variation in the 
floor type and housing system used in the studies, variation in the type of pig used (sow, gilt, 
grower) and variation in the pig weight. With respect to the composition of the basal diet a 
study by Kopinski et al. (1989) indicated that feedstuffs commonly used in Australia are 
generally poor sources of available biotin. The apparent ileal digestibilities of biotin from diets 
containing wheat (var. Banks & Egret), sorghum, barley, meat meal, soybean meal and casein 
were 0.06, -0.03, -1.23, 0.18, 0.82, 0.12 and 0.95 respectively. Thus the difference in the 
biotin levels between control and supplemented diets is likely to be much greater in diets 
based on wheat and barley than those based on soybean meal and corn. For example, in the 
study by Hamilton and Veum (1984) the lack of response to biotin supplementation may be 
because the basal diet contained an analyzed biotin level of 0.170 mg. Thus sows fed the diet 
without supplementary biotin received 0.310 mg of biotin/day during gestation. This level 
exceeds the NRC (1988) suggested daily biotin allowance of 0.200 mg/day by 55 %. Regardless 
of the reason, such inconsistencies between experimental methodologies make it difficult to 
provide a meaningful estimate of biotin requirement of sows to ensure optimum foot health.  

Biotin is the only nutrient for which the optimum level for foot health in sows has been 
investigated.  Other studies investigating the requirement of different nutrients for sows are 
based on growth and reproductive performance measures. However, it should be recognized 
that the requirement level to maintain optimum foot health may be higher than that for 
required for optimum growth or reproductive performance.  For example, Kopinski and 
Leibholz (1989) suggested there is no requirement of supplemental biotin for growth of pigs, 
however supplementation of 0.050 to 0.100 mg/kg diet is required for prevention of hoof 
lesions, thus implying the requirement for growth is lower than the requirement for preventing 
the occurrence of biotin-deficiency symptoms. Thus nutrient requirement levels recommended 
by the NRC for sows may not necessarily reflect optimum levels for foot health.  

Irrespective of recommendations made in previous studies with regard to biotin requirement 
and foot health it should be taken into account that with the introduction of high producing 
maternal sow lines into commercial swine herds the nutritional demand on sows now is likely 
to be much higher than it was 20 or more years ago when many of vitamin and mineral 
requirement studies, including those on biotin, were conducted. A report by Mahan and 
Newton (1995) has demonstrated that sow mineral reserves are depleted over a 3 parity 
period, and that sows of a higher productivity had a greater loss of both macro and micro 
minerals than sows of lower productivities.  According to Mahan (2006) the critical stage of 
minerals for the sow appears to be during late gestation and lactation with approximately 50 % 
of the total minerals (macro and micro) consumed by the sow being retained in the body of 
developing fetal pigs.  

Another reason why the requirement by sows of nutrients responsible for optimum foot health 
might need reevaluating is the impending change in housing systems. The Australian pork 
industry has agreed to the voluntary phasing out of sow stalls by 2017 resulting in group 
housing of sows for the bulk of their productive lives. A study investigating the effect of 
housing system on claw lesions in sows reported that sows in group pens with electronic 
feeders were 22 times more likely to have greater than median claw lesion score compared to 
sows housed individually in stalls. This potential increased severity of claw lesions in group 
housed systems may also mean vitamin and mineral requirements need revising to ensure 
optimum foot health.  

2. Objectives 

The aim of this project is to utilize a series of physical and nutritional strategies in gilts and 
sows as a means of improving longevity and reducing the incidence of culling due to lameness. 
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Specific technical objectives of the project include: 

1. Establish the magnitude of locomotion disorders associated with specific foot lesions and 
quantify using sow productivity and progeny performance and examine the genetic 
association contributing to sow lameness and feet soundness.  

2. Utilize physical foot trimming interventions to alleviate the incidence of lameness in 
group-housed sows and gilts. 

3. Develop methodologies for the rapid assessment of sow lameness using veterinary 
thermography.  

4. Utilize trace elemental analysis employed as part of the “Physi-Trace” program as a 
means of rapidly assessing the effectiveness of various mineral supplementation 
programs on sow lameness. 

3. Methodology & Results 
A series of concurrent and sequential experiments were proposed to meet the aims of this 

project. The bulk of the experiments utilized the sow resources on commercial units made 

available through the Pig Industry Base Resource Model. 

Experiment 1- Genetic Basis to Sow Lameness  

Rivalea (Australia) Pty Ltd  

(A separate final report has been prepared by Rivalea (Australia) Pty Ltd.) 

Hypothesis:  

1. There is a genetic association contributing to sow lameness and feet soundness 
that when identified can be bred out of commercial lines.  

2. Phenotypic and genetic causes of sow lameness has an indirect effect on progeny 
performance through reduced lactational performance pre-weaning.  

Experiment 2: Gilt interventions to prevent sow lameness and reduce culling rates 

CHM Alliance Pty Ltd 

Hypothesis: 

1. Physical inspection and trimming interventions of gilts and at each subsequent 
parity will reduce the incidence of sow lameness and increase sow longevity. 

Experiment 3: Application of veterinary thermography for the detection of sow 

lameness 

CHM Alliance Pty Ltd 

Hypothesis: 

4. Temperature differentials within a limb will facilitate detection of lameness in 
sows in groups or in inspection chutes. 

Experiment 4: Use of trace mineral analysis to quantify the efficacy of mineral 

supplementation 

CHM Alliance Pty Ltd 

Hypothesis: 

1. Elemental mineral ratios in pig hair analyzed using “PhysiTrace” analytical 
techniques will provide a rapid means of assessing the adequacy of mineral 
supplementation and potential contributions towards the alleviation of sow 
lameness.  
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Experiment 2: Gilt interventions to prevent sow lameness and reduce culling rates 

Experimental Approach: 

This experiment was based on 250 sows per treatment and was undertaken at the CHM Alliance 
Tong Park Piggery. Upon presentation for treatment, mated gilts were allocated to a trimming 
(T) or no trimming (NT) treatment sequentially, with the first gilt being trimmed and the 
second remaining untrimmed, with this pattern continuing throughout. Gilts/sows allotted to 
the no trimming group did not receive any trimming during the experiment. Gilts/sows 
allocated to the trimming group were trimmed. If there was no major issues with the feet, 
gilts received a minor porcine pedicure, with edges being filed/ground to remove any minor 
chips. In some instances gilts/sows in this group that did not require remedial trimming at the 
initial inspection were able to receive trimming at the subsequent inspection. This experiment 
ran for three litters /sow. Sows were subject to inspections, locomotion scoring and weighing 
over the duration of the experiment. All gilts/sows were walked via a laneway from their 
gestation pen to the trimming and weighing area. A score of 0 to 3 depending on severity of 
lameness was given to each gilt/sow. Locomotion scoring was based on the gilt/sows ability to 
walk freely and to bear weight equally on each limb. A score of 0-3 will be given to each sow 
using the following criteria; 0, rating given to sows that move easily, are comfortable on their 
feet, have no visible signs of lameness; 1, sow moves relatively easily, visible signs of lameness 
in at least 1 limb, no weight baring on that limb; 2, lameness visible in one or more limbs, sow 
shows signs of head dipping and arching of the back; 3, sow is reluctant to walk or bear weight 
on one or more limbs and has difficulty walking.  

All gilts/sows were weighed using the Feet First chute at the purpose built trimming and 
weighing area. Feet were inspected, and a lesion score was given for each foot. Feet were 
trimmed using an angle grinder with a flap disc, hoof nippers, hoof file and/or hoof knife. Feet 
trimming involved the trimming of toes and dew claws, straightening the wall of the foot, and 
balancing the sole and heel. Feet were trimmed in small increments to reduce the likelihood of 
bleeding occurring. Gilts/sows were returned to their gestation units (group pens, 54 gilts per 
pen, 1.87 m2/gilt) and subjected to standard piggery practices. One week prior to farrowing, 
gilts/sows were transferred to the farrowing units where they were again subjected to 
standard piggery practices. At weaning, sows were transferred to dry sow/breeding 
accommodation, housed in individual stalls and mated on first subsequent heat. These 
procedures were repeated for parity 2 and 3, however between parity 2 and 3 there were 
accommodation changes with a move away from individual stalling prior to transfer to group 
housing at six weeks post-mating, to group housing at 5 days of age before moving into the 
existing group-housing at six weeks. Gilts/sows were subject to normal husbandry practices 
except for locomotion scoring and feet trimming.  

Trimming and weighing was conducted in a purpose built area consisting of a concrete slab, 
with a Colourbond™ panel roof over the top of the slab to provide protection for the sows and 
people. The Feet First chute was positioned in the middle of the concrete slab. Two 60 cm 
deep pits ran along both sides of the chute with the operators standing in the pits whilst 
performing the trimming. The pits provide additional “working” height making it easier for the 
operator to trim the sow’s feet. 

Differences in sow performance between treatment groups was based on herd recorded 
reproductive data, pigs born alive (PBA), stillborns, mummified piglets, pigs weaned – cross-
fostering was restricted to balance litter size to a standard number across treatments. Other 
measures used to assess impact include lactation length (to assess whether early weaning was 
required as a consequence of body condition, etc…) and wean-to-oestrus interval (WEI). 
Survival of gilts/sows to subsequent litters was also recorded as was reasons for culling. 

Data were analyzed using a Generalized Linear Model ANOVA (continuous data) or Chi-square 
(categorical data), GenStat v15.0 (VSNI Ltd). 
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Results: 

Reproductive performance in the first parity was not affected by trimming treatments (table 
1). There was no significant difference in PBA, stillborn or mummified piglets, but given that 
the trimming treatment was applied post-mating and the implantation period, this was not 
unexpected. The lack of difference in lactation length and number weaned indicates that 
trimming, or perhaps more appropriately not trimming didn’t influence pre-weaning mortality 
within this experiment (there is some evidence that lameness in sows is linked with increased 
deaths from overlaying), nor were they weaned early. There was a relatively large but non 
significant difference in wean-to-oestrus interval, with trimmed sows returning to oestrus 2 
days earlier than non-trimmed sows. 

 
Table 1 - Reproductive performance of non-trimmed (NT) and trimmed (T) gilts in their first parity. 

 NT T SED P value 

Pigs Born Alive 11.1 11.2 0.39 0.851 

Stillborn 1.7 1.6 0.15 0.500 

Mummified 2.1 1.7 0.32 0.176 

Lactation length (d) 23.3 23.5 0.27 0.597 

Weaned 10.6 10.6 0.17 0.910 

WEI (d) 8.8 6.7 1.24 0.091 

SED, standard error of difference of the means; WEI, wean-to-oestrus interval; d, days. 

In the second parity, the lack of significant difference between treatments continued, with 
only the number of stillborn piglets being significantly lower in trimmed sows (table 2). The 
difference in WEI between trimmed and non-trimmed sows continued, but, again, was not-
significant. 

Table 2 - Reproductive performance of non-trimmed (NT) and trimmed (T) gilts in their second 
parity. 

 NT T SED P value 

Pigs Born Alive 10.6 10.6 0.47 0.884 

Stillborn 1.7a 1.4b 0.14 0.046 

Mummified 1.2 1.3 0.07 0.221 

Lactation length (d) 22.8 22.2 0.43 0.163 

Weaned 9.8 9.9 0.19 0.839 

WEI (d) 6.1 5.4 0.65 0.308 
a,bMeans in rows with different superscripts differ significantly (P<0.05); SED, standard error of 
difference of the means; WEI, wean-to-oestrus interval; d, days. 

No significant differences between treatments occurred in the third parity (table 3) although 
the tendency for differences between treatments in WEI continued.  

Table 3 - Reproductive performance of non-trimmed (NT) and trimmed (T) gilts in their third parity. 

 NT T SED P value 

Pigs Born Alive 11.5 11.9 0.45 0.466 

Stillborn 1.9 1.8 0.19 0.583 

Mummified 1.4 1.4 0.11 0.721 

Lactation length (d) 22.2 22.0 0.24 0.408 

Weaned 9.7 9.7 0.21 0.949 

WEI (d) 6.7 5.9 0.94 0.343 

SED, standard error of difference of the means; WEI, wean-to-oestrus interval; d, days. 

A significantly greater number of gilts that were trimmed during their first gestation did not 
make it through to farrowing (table 4), with the major reason for culling being poor body 
condition. With this difference being maintained, although non-significantly so, through to the 
second and third farrowings. 
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Table 4 - The percentage of non-trimmed (NT) and trimmed (T) gilts/sows that were initially 
assessed that survived to farrow in their first (P1), second (P2) and third (P3) parities. 

 NT T  P value 

% survival to P1 97.8a 87.6b  0.010 

% survival to P2 82.0 73.0  0.151 

% survival to P3 73.0 61.8  0.110 
a,bMeans in rows with different superscripts differ significantly (P<0.05) 

When the survival through to subsequent parities was assessed for only those gilts that actually 
farrowed (table 5), there was no difference between treatments. 

Table 5 - The percentage of non-trimmed (NT) and trimmed (T) gilts/sows that survived to first 
parity that survived to farrow in their second (P2) and third (P3) parities. 

 NT T  P value 

% survival to P2 83.9 83.3  0.921 
% survival to P3 74.7 70.5  0.545 

 

Initial lesion scores (tables 6 and 7) show the majority of gilts (in their first gestation) had 
lesions of mild severity accounting for between 60 (front) and 70 per cent (rear) of lesions. The 
major issues were associated with mild overgrowth of the heel and separation along the white 
line. This separation appears to stem from damage to the outer edge of the outside claw of the 
foot, which seems to be associated with the wide gap slatted flooring present. In the rear feet, 
issues with the foot were almost exclusively associated with heel over-growth and erosion. 
Apart from these issues the general observation was that feet were in good condition, and 
lameness was generally not evident, despite gilts looking quite proppy and “tender” whilst in 
fully slatted pens. 

Table 6 - Initial lesion score prevalence of the front feet in non-trimmed (NT) and trimmed (T) gilts 
prior to first farrowing. 

 Severity HOE HSC WL CWH CWV T DC TOTAL 

NT 
Mild 

26.8% 18.6% 11.1% 0.0% 3.5% 2.9% 0.0% 62.8% 
T 35.8% 16.9% 4.6% 0.7% 3.9% 1.3% 0.0% 63.1% 

NT 
Moderate 

3.5% 2.4% 20.4% 0.6% 4.1% 0.0% 0.0% 30.9% 
T 6.5% 2.0% 16.9% 0.0% 3.9% 0.0% 0.0% 29.3% 

NT 
Severe 

1.8% 1.8% 1.2% 0.0% 1.8% 0.0% 0.0% 6.5% 
T 0.0% 2.6% 3.3% 0.0% 1.3% 0.0% 0.7% 7.8% 

NT 
TOTAL 

32.0% 22.7% 32.6% 0.6% 9.3% 2.9% 0.0%  
T 42.3% 21.5% 24.7% 0.7% 9.1% 1.3% 0.7%  

HOE, heel over-growth & erosion; HSC, heel-sole crack; WL, white line; CWH, cracked wall horizontal; 
CWV, cracked wall vertical; T, toes; DC, dew claws 

 
Table 7 - Initial lesion score prevalence of the rear feet in non-trimmed (NT) and trimmed (T) gilts 

prior to first farrowing. 

 Severity HOE HSC WL CWH CWV T DC TOTAL 

NT 
Mild 

57.6% 8.2% 4.1% 1.2% 1.2% 0.6% 0.0% 72.8% 
T 60.4% 8.5% 2.6% 0.7% 2.0% 1.3% 0.0% 75.3% 

NT 
Moderate 

12.8% 2.3% 6.4% 0.6% 3.5% 0.0% 0.0% 25.6% 
T 13.7% 2.0% 5.9% 0.0% 1.3% 0.0% 0.0% 22.8% 

NT 
Severe 

0.0% 1.2% 0.0% 0.0% 0.6% 0.0% 0.0% 1.8% 
T 2.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.0% 

NT 
TOTAL 

70.4% 11.7% 10.5% 1.8% 5.3% 0.6% 0.0%  
T 76.0% 10.4% 8.5% 0.7% 3.3% 1.3% 0.0%  

HOE, heel over-growth & erosion; HSC, heel-sole crack; WL, white line; CWH, cracked wall horizontal; 
CWV, cracked wall vertical; T, toes; DC, dew claws 

 

Upon inspection during their third gestation (tables 8 and 9) the predominant issue was heel 
over-growth and erosion, accounting for more than two-thirds of identified lesions, with white 
line separation accounting for another one-fifth of lesions. It would appear that trimming has 
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had an effect on lesion prevalence with heel over-growth and erosion being lower in trimmed 
sows and the prevalence of issues with the white line being higher in trimmed sows. 

Table 8 - Lesion score prevalence of the front feet in non-trimmed (NT) and trimmed (T) gilts prior 
to their third farrowing. 

 Severity HOE HSC WL CWH CWV T DC TOTAL 

NT 
Mild 

35.6% 1.0% 2.9% 0.0% 1.0% 0.0% 0.0% 40.3% 
T 24.5% 2.2% 3.3% 0.0% 4.5% 0.0% 0.0% 34.4% 

NT 
Moderate 

36.6% 1.0% 12.5% 0.0% 0.0% 0.0% 0.0% 50.0% 
T 27.8% 3.3% 15.6% 4.4% 2.2% 0.0% 0.0% 53.3% 

NT 
Severe 

4.8% 2.9% 1.0% 0.0% 1.0% 0.0% 0.0% 9.6% 
T 4.4% 2.2% 3.3% 0.0% 2.2% 0.0% 0.0% 12.1% 

NT 
TOTAL 

76.9% 4.8% 16.3% 0.0% 1.9% 0.0% 0.0%  
T 56.7% 7.7% 22.2% 4.4% 8.9% 0.0% 0.0%  

HOE, heel over-growth & erosion; HSC, heel-sole crack; WL, white line; CWH, cracked wall horizontal; 
CWV, cracked wall vertical; T, toes; DC, dew claws 

 
Table 9 - Lesion score prevalence of the rear feet in non-trimmed (NT) and trimmed (T) gilts prior to 

their third farrowing. 

 Severity HOE HSC WL CWH CWV T DC TOTAL 

NT 
Mild 

32.7% 2.9% 3.8% 0.0% 1.9% 1.0% 0.0% 42.2% 
T 28.9% 2.2% 11.1% 1.1% 5.6% 0.0% 0.0% 48.9% 

NT 
Moderate 

31.8% 0.0% 11.6% 1.0% 2.9% 0.0% 0.0% 47.1% 
T 30.0% 3.4% 7.8% 0.0% 0.0% 0.0% 0.0% 41.1% 

NT 
Severe 

7.7% 0.0% 1.0% 1.0% 0.0% 0.0% 1.0% 10.6% 
T 6.7% 1.1% 1.1% 0.0% 1.1% 0.0% 0.0% 10.0% 

NT 
TOTAL 

72.1% 2.9% 16.3% 1.9% 4.8% 1.0% 1.0%  
T 65.6% 6.7% 20.0% 1.1% 6.7% 0.0% 0.0%  

HOE, heel over-growth & erosion; HSC, heel-sole crack; WL, white line; CWH, cracked wall horizontal; 
CWV, cracked wall vertical; T, toes; DC, dew claws 

Pooling severity data allows us to make comparisons between treatments. Trimming in the first 
gestation significantly reduced the prevalence of heel overgrowth and erosion (HOE) in the 
front feet (Table 10) in parity three sows. At initial inspection lesion scores did not differ 
between treatments, with the predominate lesion being HOE in the rear feet and HOE, heel 
sole cracks (HSC) and white line separations (WL) on front feet.  

Table 10 - Relationship between feet trimming during Parity 1 (P1) and changes in lesion score 
prevalence (%) in Parity 3 (P3) sows. Differences between treatments determined by Chi-Square 

analysis. 

   HOE HSC WL CWH CWV T DC 
2 P value 

Front P1 NT 31.9 22.6 32.5 0.6 9.3 2.9 0.0 
3.77 0.708 

  T 42.2 21.4 24.6 0.6 9.1 1.3 0.6 
 P3 NT 76.9 4.9 16.4 0.0 2.0 0.0 0.0 

13.26 0.039 
  T 56.6 7.7 22.2 4.4 8.8 0.0 0.0 

Rear P1 NT 70.4 11.6 10.5 1.8 5.3 0.6 0.0 
1.89 0.929 

  T 75.9 10.3 8.4 0.6 3.2 1.3 0.0 
 P3 NT 72.1 2.9 16.3 2.0 4.8 1.0 1.0 

4.70 0.583 
  T 65.6 6.6 20.0 1.1 6.7 0.0 0.0 

NT, untrimmed control sows; T, trimmed sows, HOE, heel over-growth & erosion; HSC, heel-sole crack; 
WL, white line; CWH, cracked wall horizontal; CWV, cracked wall vertical; T, toes; DC, dew claws 

Discussion: 

Trimming in the first gestation significantly reduced the prevalence of heel overgrowth and 
erosion (HOE) in the front feet in parity three sows. Whilst other lesions increased in 
prevalence with age, HOE is a major factor in itself leading to lameness, and to the 
development of heel sole cracks, wall cracks both vertical and horizontal and white line 
separation (Ossent, 2010). However, in this study, the reduced frequency of HOE in the front 
feet of parity three sows whose feet were trimmed as gilts was not associated with decreased 
culling rates or improved reproductive performance.  
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Trimmed gilts tended to have a shorter wean-to-oestrus interval (WEI) than the control group 
after first weaning. If we accept a 90% confidence interval for a commercial herd, these 
results are commercially significant. This subtle difference in WEI between trimmed and 
control sows was also observed at subsequent parities, although not being significant (P>0.05). 
The decreased retention to the first litter of trimmed gilts is difficult to explain, there was no 
discernable pattern in the reason for culling or cause of death, although poor body condition 
was the most common reason. There was no significant difference in total pigs born per litter, 
number weaned per litter or farrowing rates between control and trimmed sows. The reduction 
in WEI observed in trimmed sows may be due to possible increased lactation intake, however 
direct measurement of intakes would be required to test this hypothesis.  

Conclusion: 

This intervention showed that we can change the incidence of foot lesions, however, treating 
the gilt during her first gestation may be too late. Assessment of foot lesions should occur at 
selection, suspect gilts should not be selected and foot health monitored too allow for 
treatment of lesions. Trimming did not significantly influence the reproductive performance of 
sows. While it appears that wean-to-oestrus interval may be influenced by trimming, the 
additional cost associated with remedial trimming is unlikely to pay dividends from a 
reproductive perspective alone, although any benefits to the sow from a welfare perspective 
need to be quantified. 

 Trimming was of little economic benefit in this herd, but the incidence of lameness in 
this herd was low with just three gilts/sows receiving a gait score other than zero.  

 Trimming may be economic in herds where the incidence of lameness is higher. 

 Trimming may also be economic if used strategically on only those sows/gilts that show 
obvious feet problems. 

Overall, more attention should be made prior to gilt selection to identify those replacement 
gilts that are less likely to have feet problems. 

Experiment 3: Application of veterinary thermography for the detection of sow 

lameness 

Introduction: 

Veterinary thermography involves the use of a thermal imaging camera to detect differences in 
the topographical temperature of limbs that arise as a result of increased blood flow that 
occurs with localized limb trauma.  It has been used as a veterinary diagnostic tool to assess 
animal health by using high definition imaging to detect problems in bone, soft-tissue and 
nerve damage or dysfunction. It may not only be used to diagnose injury and examine 
thermoregulation, but also for the detection of disease. 

Thermal imaging’s main advantage is that it is a non-invasive technique that can be utilized for 
its portability and cost efficiency. The use of thermal imaging on swine herds holds possibilities 
of early detection of compromised foot health and lameness, the second biggest contributor of 
early culling. The use of veterinary thermography for analyzing foot health has been widely 
demonstrated in horses and proved efficient at detecting inflammation in the hooves of dairy 
cows (Nikkhah et al. 2005). Its success in pigs has been demonstrated to reliably identify a 
febrile condition following Actinobacillus pleuropneumoniae challenge in pigs (Loughmiller et 
al. 2001) and also detect mean body surface temperature (MBST) changes associated with 
growth performance (Loughmiller et al. 2005). Digital infrared thermography has been shown 
by Scolari (2010) to be a good predictor for ovulation in pigs, measuring changes in vulvar skin 
temperatures during the peri ovulatory period. The changes in skin surface temperature can 
also be a good indicator of underlying inflammation and may be used to detect changes in 
mammary temperatures associated with mastitis. 



  

 11 

Significant results for lameness detection with thermograph technology could lead to early 
lameness intervention or prevention, maximising sow production and longevity. Further 
research may utilize the thermographs as a means of quantifying interventions such as mineral 
supplementation in group housed sow housing systems.  

Methodology: 

Animals and Housing 

This survey was conducted within a commercial farrow-to-wean piggery sampling 146 
individual unmated gilts, and gestating gilts and sows (Camborough™ 29, PIC Australia Pty Ltd, 
Grong Grong, NSW). They were housed in a conventional shed, group housing system at McLean 
Farms Pty Ltd, Pittsworth (QLD, Australia). Gilts and sows are mated in a standard detection 
and mating area (DMA) with gilts receiving one natural mating and bred twice via artificial 
insemination (AI) while sows received two AIs. They were mixed between 3 and 10 days after 
mating and housed in group pens until farrowing.  

The gestation shed consists of 12 pens, each 109.1m2 which held between 61 and 63 pigs. The 
pens are split centrally partly along their length by steel divisions extending from a centrally 
located electronic sow feeder (ESF). The steel division dictates that the sow enters from one 
side of the pen and exits the ESF on the other side of the pen. The ESF is programmed to ration 
out individual feeding regimes to each sow and gilt. Water was available ad libitum via four 
nipple drinkers set at an approximate flow rate of 3 L/minute, two at opposing sides of the 
pen. All animals are held within climate controlled facilities with natural ventilation. Flooring 
is 100% concrete slatting with solid partitions to split the shed for the ESF and penning is open-
sided steel fabrication. Drippers and/or sprayers are present for cooling if temperatures rise 
above pre-set levels. 

All animals were cared for according to standard operating procedures at McLean Farms, and 
following the Australian Code of Practice. Experimental procedures were approved by the CHM 
Alliance Pty Ltd Animal Ethics Committee (CHM PP 41/13).  

Survey Design 

All gestational pens and unmated gilt group pens were available for the collection of data. On 
entry into a randomly allocated pen, all sows and gilts were recruited to the survey until a 
sufficient sample size was achieved. A gait score, foot assessment and thermal images of all 
four limbs of each sow and gilt were completed. The images were then visually analyzed using 
thermal mapping and ‘hotspots’ for changes in temperature related to clinical signs of injury 
and/or inflammation. The images were compared with gait score and foot assessment data to 
determine if lameness and thermal imaging were correlated. 

Data Collection 

Gait score and foot assessment 

After being assigned, sows received a gait score whilst walking using a 0-4 score system (Table 
11). The gait was visually assessed from front, back and side as the sow continued to walk, not 
run. 

Table 11 - Gait Score System 

Gait score Observations 

0  Normal gait, even strides 

1 Abnormal gait, stiffness but no easy identification of lameness 

2 Lameness detected, shortened strides, sow puts less weight on one leg 

3 Avoid putting weight on one leg 

4 Non ambulatory 

The foot condition was then visually assessed for the presence or absence of foot lesions, and 
scored respectively. Claw length was then also assessed using a severity scale of 0-2 scoring 
system (Table 12). 
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Table 12 - Overgrown Claw Score System 

Claw score Observations 

0 Normal claw 

1 Slightly overgrown in length 

2 Severely overgrown in length and causing abnormal stance 

Thermography of limbs 

A FLIR E-Series (E60, FLIR Systems, Inc, Wilsonville, OR, USA) infrared camera was used to 
detect infrared energy and convert it to an electrical signal which produces a thermal image. 
The camera provided an image resolution range of 320x240 pixels with ± 2% accuracy and < 
0.05 °C thermal sensitivity. The emissivity correction was set to 0.98 and the reflected 
temperature set as the ambient temperature. Relative humidity was set manually and images 
taken from a distance of 1 m. The thermal camera was set to capture an image and provide it 
in both thermal and digital forms. 

A thermal image was taken of each of the four limbs holding the camera parallel to the 
subject. The focus was manually changed using the adjustable lens and slight tilting of the 
camera illuminated reflective temperature anomalies. Images spanned from the hip or 
shoulder, to the foot on contact with the ground surface. 

Thermal images were analyzed using the cameras spotmeter marker tool, to provide a map of 
temperature changes within the thermal image and identify hotspots. All images were then 
downloaded to a computer for further visual assessment. Thermal images were matched with 
their real time digital images to relate areas of increased temperature to areas of anatomical 
importance on each limb. 

Statistical Analyses 

Each thermograph taken was marked to be associated with a lame or non-lame sow or gilt, and 
also whether it illustrated differences in thermal mapping showing hotspots within the limbs. 
All data were analyzed using a Chi Square test (GenStat v15.0 VSNI Ltd, Hemel Hempstead, UK) 
to investigate any association between changes in the thermal mapping of the limb and 
independent variables; gait score, lesion presence and claw length.  

Results: 

Thermal Mapping of Lameness 

Data showed that 45% of sows analyzed thermally, displayed images with one or more areas of 
increased temperature, illustrating an area hotspot (table 13). From these sows, 70% were 
identified as having a gait score of 0 and therefore not showing signs of lameness. A series of 
Chi Square analyses revealed that a compromised gait is significantly associated with changes 

within thermal imaging (2 = 28.09, df = 2, p = <0.001). 

Table 13 - Total number of sows in each category of lameness  

Number Description 

146 Total number of sows 

68 Sows with a gait score of 0, no visible injury and did not display a temperature 

hotspot  

46 Sows with a gait score of 0, no visible injury but displays a temperature hotspot  

14 Sows with a gait score of 1, a visible injury and displays a temperature hotspot 

6 Sows with a gait score of 1, no visible injury but displays a temperature hotspot 

12 Sows with a gait score of 2, a visible injury and displays a temperature hotspot  

 

Areas of increased temperature were mapped as corresponding to one or more of the 
following, hock or metatarsophalangeal joints and the knee or metacarpophalangeal joints of 
the hind and forelimbs respectively (Appendix 2). Moving dorsally, areas of increased 
temperatures mapped over the Biceps femoris muscle of the hind limb or the scapular spine 
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and around the extensor muscles of the forelimb (Appendix 3). The images displayed in the 
Appendix 2 and 3 are of sows scored with a gait score of 0. The increase in temperature within 
the limbs, are areas which ordinarily exhibit an increase in weight bearing.  

Data showed that sows scored with a gait score of 0 and no visual injury would commonly show 
areas of increased temperature on the thermal images (Figure 1), in this instance an area of 
increased temperature over the hock and metatarsophalangeal joints. 

 

 
Figure 1 - Thermal (left) and digital (right) image of a sow’s right hind leg with a gait score of 0 and 

no visual injury. 

Sows scored with a gait score of 1 or higher were associated with thermal images which 
mapped a hotspot, a compromised gait was evident visually and also with a thermal image 
showing a significant area of increased temperature as shown in Figure 2. This sow was 
examined as having a gait score of 1 and the thermal image shows an increase in temperature 
which can be associated with inflammation of the abrasive injury over the front left knee joint 
and scapular spine muscle in the digital image.  

 
Figure 2 - Thermal (left) and digital (right) image of a sow’s front left limb with an abrasive injury 

and a gait score of one. 

Sows scored with a gait score of 1 or higher and showing no visible cause of lameness did 
display thermal changes within the limb on thermal images (Figure 3). The image was taken of 
a sow with a gait score of 1 but no visible injury. The thermal image shows an area of 
increased temperature over the knee joint and extensor muscles interpreted as inflammation 
and the possible cause of the changed gait. 
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Figure 3 - Thermal (left) and digital (right) image of a sow’s front right limb with a gait score of 1 

and no visual injury. 

Images of sows scored with a gait score of 2, with lameness evident, showed thermal changes 
within the limb. As shown in Figure 4, the area of an increase in temperature is mapped as 
being over the area of visual injury. The increase in temperature is associated with 
inflammation from the injury. 

 
Figure 4 - Thermal (left) and digital (right) image of a sow showing lameness in the back right limb 

with a gait score of 2. 

The thermal image (Figure 4) clearly maps an increase in temperature over the area of injury, 
in a sow with a gait score of 2, displaying clear signs of lameness. The thermal image can be 
used to identify the area of injury and also severity. 

Thermal Mapping of Lesion Presence and Overgrown Claws  

Data analysis revealed that the association between a temperature hotspot in thermal imaging 

and lesion presence is significant (2 = 15.63, df = 1, p = <0.001). It was also found that 
temperature changes and the presence of a hotspot in thermal imaging is associated with 

various overgrown claw length (2 = 7.58, df = 2, p = 0.023). Although significant, drawing firm 
conclusions from these relationships is difficult due to the small sample size (it is likely that in 
a commercial operation, sows showing significant issues with feet and/or lameness are culled 
quickly). A larger survey would be needed to confirm these findings. 

Additional Analyses 

The association between a temperature hotspot and parity (2.2 ± 1.74 ; mean ± SD) was 
investigated using a Chi Square analysis. The survey was conducted from a group expressive of 
a mixed parity with the predominate parity being 2. It was revealed that the relationship was 

insignificant and not investigated further (2 = 8.40, df = 7, p = 0.299). 

Discussion: 

Thermal imaging was able to determine a rise in skin surface temperature associated with a 
compromised gait. The temperature change was able to map the area of injury and more 
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directly, inflammation, which is reflected as an increase in temperature on the thermal image. 
This was expected as an increase in heat is depicted as an increase in inflammation (Scolari 
2010).  

Thermal images frequently detected areas of increased temperature in the limbs of the sows 
without an impaired gait. The increase in temperature is associated with inflammation which 
can be attributed to a mechanical overloading of the associated bone or muscle. Previous 
research suggests that mechanical overloading is responsible for the relatively high frequency 
of osteochondrotic lesions on the weight-bearing surfaces of the affected bones (Nakano et al. 
1987). Bursitis is also a condition in which abscesses develop on the legs surface as a response 
to pressure, protecting it from injury and pain (Keenslide et al. 2006). The thermal images may 
detect signs of Osteochondritis within the sows’ joints, as an increase in temperature is 
associated with arthritis as the joints become swollen and inflamed (Keenslide et al. 2006). If 
thermal images are detecting loaded bones, it can be assumed that this is predisposing the sow 
to develop osteochrondritis within that joint. 

There are three factors which contribute to the risk of fractures (Smith and Gilligan 1991): 
bone strength, the risk of falling, and the effectiveness of neuromuscular response that 
protects the skeleton from injury. It has been demonstrated that thermal imaging can detect 
the last factor in horses as an increase in temperature (veterinary thermal imaging 2010). It 
was evident in our study that thermal imaging can detect an increase in temperature and 
therefore inflammation of limb muscles when a sow does not display an impaired gait. This 
may be definitive of a weak muscle or area in the limb which can contribute to the second 
factor of causing fractures, risk of falling.  Thermal imaging may be used as a veterinary tool 
for early detection of those sows predisposed to osteochondritis and fractures, which then 
allows for early intervention. However in our study, we did not follow-up those sows that had a 
hot spot but did not display an impaired gait to determine whether this group of sows may 
have developed some form of lameness in subsequent parities.  The type of intervention may 
involve increasing mineral intake, as in osteoporotics mineral deposition is decreased, which 
may reduce the onset and severity of bone disease. Physical activity has great potential to 
reduce the risk for osteoporotic fracture by improving strength, flexibility, balance and 
reaction time (Smith and Gilligan 1991). This can be used in conjunction with mineral 
supplementation as preventative measure to reduce early culling within the sow herd. 

Thermal images of those sows given a gait score of 1 could not be defined as being associated 
with lameness. The high incidence of thermal images showing an increase in temperature of 
sows given a gait score of 0 makes it impossible to distinguish between lameness and load 
bearing in the thermal images. The increase in temperature within the limb may either be a 
result of loaded bone or muscle, or pertained to an injury and/or increased inflammation 
associated with lameness. 

There was a clear association with an impaired gait (score of 2 or more) and skin surface 
temperature variation in the thermal imaging. Sows immediate response to injury of the limbs 
is lameness, with the sow showing an impaired gait. The immediate onset of this response to 
the injury makes the use of thermographic imaging perhaps not a required tool for the early 
detection, but rather a tool for a more thorough diagnosis in those sows with a gait score of 2 
or higher. This follow-up approach can be a risk assessment veterinary tool, used to respond 
with appropriate treatment. The thermal image maps the area of an increase in temperature 
and therefore inflammation, to interpret the cause and locality of pain. Therefore, it could be 
used to depict whether the inflammation is located within the muscle or joint and show the 
area of inflammation illustrating its severity for diagnosis. Treatment can then be piloted to 
comply with a large area of inflammation in which the diagnosis would be muscular damage 
and treatment would require use of an anti-inflammatory. If the thermal image mapped the 
rise in temperature within the joint area then treatment may be more severe and involve 
isolation with the use of arthritic medications. The thermal image also maps hotspots; this can 
be treated as a minor injury (Westin and Rydberg 2010) with required treatment, and may be 
the result of fighting or a puncture wound. Foreign masses, also thermally mapped as an 
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increase in temperature, can be localised and with the correlation of a visual inspection, 
diagnosis can be made of the invasiveness of the mass.  

The temperature range provided by the thermal image cannot be used to determine precise 
temperature measurements of the skin surface. Its accuracy is affected by many variables 
including reflective temperature, humidity, wind speed and atmospheric temperature. This 
was reflected in the thermal images of similar injuries as inconsistency within the range. The 
spotmeter temperature confidently indicates the relative temperature within a sow and the 
highest temperature within the area of injury. It can be utilized in the treatment protocol to 
aid in determination of the severity of the inflammation. It may be used as a tool to provide a 
scale providing its own range of temperature fluctuations and point to which intervention and 
treatment is required. Consistent with previous research, Westin and Rydberg (2010) found 
that skin surface temperature readings alone cannot be used to identify sows at risk of 
developing shoulder lesions but perhaps spotmeters may be used for automatic risk 
assessment. This strengthens the hypothesis that thermographic imaging is a beneficial tool for 
methodical examination once a health risk is suspected.  

In this experiment, data was collected on a commercial herd which culled sows that exibited 
early signs of lameness, preventing a large data set. This study investigated the usefulness of 
thermography in the early detection of lameness of gestating sows and it was shown to detect 
thermal changes within the limbs of both lame and non-lame sows. It should be noted that 
although results were evident, further investigation warrants the need for a much larger 
sample set to consist of more gait impaired sows. Following on six months, from the early 
stages of observation during this study no sows or gilts have been removed from the breeding 
herd for reasons associated with lameness.  Longer term observations on sows that displayed 
hot spots would be worthwhile to determine if these sows developed subsequent lameness in 
the relevant limbs.   

Conclusion: 

Thermal imaging was successful in detecting heat changes within the limbs of the sow. Sows 
with a severe compromised gait had identifiable variations in temperature with associated 
thermal imaging caused by lameness. There was a large number of sows that showed 
inflammation in joints and muscle, which did not exhibit a compromised gait. This may be 
ascertained to early signs of joint inflammation and more precisely, osteochondritis from 
mechanical overloading. This research indicates that Thermography can be used as a non-
invasive veterinary tool in sows to efficiently provide a risk assessment and determine 
appropriate treatment protocol of critically lame sows. 

Future Research: 

Thermography is successful at detecting heat changes within the limbs of gestating sows. This 
diagnostic tool holds potential for the future direction of early detection of joint inflammation 
and muscle weaknesses. By detecting compromised joint and muscle health, strategies may be 
implemented to reduce the incidence of these weaknesses leading to lameness.  

Future research would involve a large sample of breeding sows over an entire reproductive 
cycle, from exit out of the farrowing room to re-entry. It would be necessary to carry out two 
experiments, a preliminary study to ascertain the detection of inflammation using thermal 
images over time and a more extensive experiment to evaluate interceptive measures. The 
preliminary study would involve the collection of thermal images of each limb and repeated 
images regularly to map changes and the location of an increase in temperature overtime. If 
we can determine that thermal images are detecting abnormal heat changes as opposed to 
load bearing temperature increases within the limb, we would then apply this tool over an 
extended period of time to analyze preventative measures. Three preventative experimental 
groups would involve a control, medical intervention and mineral supplementation. At the 
conclusion of the study it would be determined if thermal images are detecting joint 
inflammation or injury and if intervention can be a preventative measure in gestating herds 
thus reducing joint inflammation and improving muscle weakness.  
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Experiment 4: Use of trace mineral analysis to quantify the efficacy of mineral 

supplementation 

Introduction: 

The University of Western Australia undertakes an extensive hair analysis program on behalf of 
clients in the health industry and has been doing this for approximately three years. The data 
are used to interpret specific treatment being prescribed for individual patients to overcome 
mineral deficiencies and excesses. The research indicates conclusively that there are repeat 
patterns in the hair from individual patients over time and that these patterns can be modified 
with the appropriate treatment undertaken under the guidance of professional clinicians.  

We believed this approach could be applied to pigs to assess dietary mineral treatments on the 
basis pigs and humans have many similarities and are likely to have a similar range of 
elemental signatures in hair. The relative ratios of elements in pig hair may be able to be used 
in an equivalent manner to provide an indication of pig health and possible mineral imbalance, 
deficiency or sufficiency in individual pigs or herds.  To our knowledge no equivalent study has 
been undertaken on pigs and therefore there is no equivalent data base of acceptable ranges 
of metals in pig hair, however, it would be sensible initially to use the human model as a basis 
of any studies on pig hair until an equivalent model for pig hair has been constructed.   

Research completed to date requires approximately 100mg of hair to be taken from the area of 
the occipital protuberance (bump at the back of the head) of human individuals. This hair is 
taken with ceramic scissors to avoid contamination. The hair should represent recent growth 
for obvious reasons. The hair has to be clean as external contamination will corrupt the data 
and the interpretation. There will be a requirement to select the area of pig hair to sample 
and this will require some cross analysis of hair from different sites on the pig to see if one site 
is more sensitive than the other.  

Our primary interest was in developing more rapid ways of quantifying the adequacy of mineral 
supplementation in a) sows with a view to preventing lameness, and b) growing pigs to ensure 
adequate levels of minerals to support growth and immunity. At present we have theoretical 
links between mineral consumption and lameness but there are many unknowns and it is very 
difficult to measure experimentally over long periods of time (largely due to the constraints of 
commercial production). We also have a very limited knowledge of the relationships between 
mineral nutrition and foot health. We believe that zinc, manganese and copper may be 
integral to the process based on their role in keratinization, but we have no real evidence 
elevated levels of these minerals contribute to reduced lameness.   

 Objective: 

The aim of this experiment was to assess whether trace mineral analysis, via hair, could be 
used to detect organic mineral supplementation above and beyond standard inorganic mineral 
supplementation. 

Methodology: 

This experiment took 20 sows that have been historically fed on an inorganic mineral regime. 
Sows were allocated to 4 groups (n=5) based on parity/size and housed in group pens with full 
length feeding stalls (Figure 5) so that sows could be locked in at feeding to ensure that each 
sow consumed their dietary treatment. Treatments were applied to the group and consisted of 
a ‘control’ inorganic mineral and vitamin premix incorporated into a dry sow diet (12.9 MJ 
DE/kg, 0.40 g AvL/MJ DE) and a ‘treatment’ organic mineral and vitamin premix utilizing the 
same base premix formulation (Table 14) with the addition of organic sources of copper, zinc, 
manganese and selenium. The inclusion of the organic minerals on top of the standard premix 
is the recommended practice for usage of Availa minerals within the FeetFirst Program (Zinpro 
Corp., Eden Prairie, MN). Both diets (Table 15) were offered to individual sows (trough fed) at 
2.5 kg/d, with sows being held in stalls during feeding to reduce bullying and feeding 
competition between sows. Thus there were 10 replicates of each treatment with the 



  

 18 

individual sow as the experimental unit. 

 
Figure 5 - Pens housing hair analysis pigs, showing full feeding stalls. 

Five accessible areas on the sow, but with different hair types, were shaved at the 
commencement of the experiment – neck, left and right shoulder, and left and right rump 
(Figure 6 and 7). One week after diet feeding commenced a secondary shaving occurred to 
remove established hair already within the follicle. 

 
 

 
Figure 6. Hair sampling sites - Neck (1), Shoulder (2) and Rump (3). 

 

1 
3 2 
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Figure 7 - Shaved sow showing hair sampling sites. 

 

Hair sampling was scheduled to occur after a set period of hair growth at 2, 3 and 5 cm in 
length. Based on literature and some observed hair growth rates observed in sows held at 
Westbrook it was thought that this was likely to represent sows on experimental diets for 6, 9 
and 15 weeks respectively. In effect, hair harvesting occurred at 9, 15 and 21 weeks after diets 
were introduced. 

At sampling, each site was thoroughly cleaned using a damp cotton cloth soaked with distilled 
water and allowed to dry, as per instructions given by the analytical laboratory. Given sows 
tended to lie on one particular side, it was thought sampling on both sides at the shoulder and 
rump would allow for the investigation of the effects of soiling. Hair was cut using ceramic 
scissors to reduce potential sample contamination, placed in individual sample bags and sent 
for analysis at the completion of each collection. 

Table 14 - Composition (based on required inclusion rate) of inorganic (Control) and organic 
(Treatment) vitamin and mineral premixes. 

  Unit Control Treatment 

Vitamin A MIU 12.00 12.00 

Vitamin D (Hy-D) g 0.05 0.05 

Vitamin E g 40.00 40.00 

Vitamin K  g 2.00 2.00 

Vitamin B1 g 1.50 1.50 

Vitamin B2 g 6.00 6.00 

Vitamin B6 g 3.00 3.00 

Vitamin B12 mg 20.00 20.00 

Vitamin B3 (Niacin) g 20.00 20.00 

Pantothenic Acid g 12.00 12.00 

Vitamin B9 (Folic Acid) g 1.50 1.50 



  

 20 

  Unit Control Treatment 

Vitamin H (Biotin) mg 200.00 200.00 

Iron g 100.00 100.00 

Cobalt g 0.50 0.50 

Iodine g 2.00 2.00 

Chromium g 0.20 0.20 

Zinc   g 120.00 120.00 

Copper g 15.00 15.00 

Manganese g 50.00 50.00 

Selenium g 0.25 0.10 

Organic Zinc g  50.00 

Organic Copper g  10.00 

Organic Manganese g  20.00 

Organic Selenium g  0.15 

 
Table 15 - Formulation and analysis of Control and Treatment diets for the hair analysis study. 

Ingredients  Control Treatment 

 Barley 10.0 (%) 14.67   14.67  
 Sorghum 9.5 (%) 36.45 36.40 
 Wheat 11.5 (%) 20.00 20.00 
 Millrun 16.0 (%) 20.00 20.00 
 Canola Meal 37.0 (%) 2.00 2.00 
 Meat Meal 51.0 (%) 2.80 2.80 
 Molasses (%) 1.00 1.00 
 Limestone (Fine) (%) 1.00 1.00 
 Dicalphos (%) 1.00 1.00 
 Salt (Fine) (%) 0.30 0.30 
 Choline Chloride 60% (%) 0.04 0.04 
 Betaine (%) 0.153 0.153 
 M.H.A.Calcium (%) 0.007 0.007 
 Lysine HCl (%) 0.267 0.267 
 L-Threonine (%) 0.02 0.02 
 Biofix/Mycofix Plus (%) 0.10 0.10 
 CHM Control Breeder Premix (%) 0.20  
 CHM Treatment Breeder Premix (%)  0.25 

Analysis    
 Dry Matter (%) 88.23 88.23 
 Moisture (%) 11.62 11.61 
 Crude Protein (%) 12.91 12.90 
 Crude Fibre (%) 4.25 4.26 
 Energy (Digestible) (MJ DE/kg) 12.90 12.89 
 Leucine (%) 1.05 1.05 
 Isoleucine (%) 0.44 0.44 
 Lysine (%) 0.66 0.66 
 Methionine (%) 0.20 0.20 
 Phenylalanine (%) 0.56 0.56 
 Threonine (%) 0.43 0.43 
 Tryptophan (%) 0.13 0.13 
 Methionine + Cysteine (%) 0.44 0.44 
 Calcium (%) 1.00 1.00 
 Phosphorus (%) 0.74 0.74 
 Available Phosphorus (%) 0.45 0.45 
 Cal:Pho  1.34 1.34 
 Cal:Av Pho  2.21 2.21 
 Choline (mg/kg) 1,010 1,010 
 Fat (%) 2.80 2.80 
 Omega-3 (%) 0.14 0.14 
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Ingredients  Control Treatment 

 Omega-6 (%) 1.07 1.07 
 Available Lysine/MJ DE  0.40 0.40 
 Methionine:Lysine  0.30 0.30 
 Methionine + Cysteine:Lysine  0.67 0.67 
 Tryptophan:Lysine  0.20 0.20 
 Threonine:Lysine  0.65 0.65 
 Isoleucine:Lysine  0.68 0.68 

 

Results: 

The addition of organic minerals showed a variable response in the uptake of trace minerals by 
hair (Table 16). There were no significant differences in zinc concentration of hair between 
the organic mineral Treatment and the control, nor did the concentration of zinc in hair 
increase with the time on treatment (P>0.05), although there was a trend for it to increase in 
week 21. The concentration of copper and selenium in hair was higher in the organic mineral 
group and it changed over the time on experimental diets. Those sows receiving the organic 
treatment tended (P=0.075), to have lower levels of manganese in the hair samples and, the 
concentration did vary significantly over time.  

Whilst the pattern of concentration is important (Figure 8), looking at the change in 
concentration is interesting. The change in zinc and manganese is far greater in the organic 
treatments (Figure 9) with a large movement towards the 21 week sample. The decrease in 
copper was not as severe for the organic treatment, whilst the pattern for selenium was 
generally unchanged. 

 
Table 16 - The concentration (ppm) of trace minerals (pooled data from all sites) of sows fed Control 

or organic Treatment diets, collected at 9, 15 or 21 weeks from diet introduction. 

  Collection week  P value 

Mineral  9 15 21 SEM Diet Week D x W 

Zinc 

 Control 181.0 180.5 185.2 4.12 
0.941 0.068 0.391 

 Treatment 174.7 178.2 192.7 6.17 

Copper 

 Control 12.2a 12.2a 10.9b 0.29 
0.002 0.001 0.584 

 Treatment 12.6a 13.3a 12.0b 0.39 

Manganese 

 Control 6.1 6.5 7.3 0.76 
0.075 0.047 0.630 

 Treatment 4.4a 5.1ab 7.0b 0.74 

Selenium 

 Control 0.48a 0.61b 0.57c 0.01 
0.000 0.000 0.860 

 Treatment 0.56a 0.68a 0.64b 0.02 

 

Whilst the levels of macro-minerals within the mineral premixes were not different between 
treatments, there were significant differences in some minerals (Table 17). Calcium, 
phosphorus and magnesium levels within the hair samples were significantly lower within the 
organic treatment group than in the control group and changed significantly over time. Whilst 
potassium levels also changed significantly over time, there was no difference between 
treatments. 

Once again the patterns of concentration within the hair samples are important (Figure 10), 
however the change in pattern shows marked differences between organic mineral and the 
control treatments (Figure 11). Organic treatment concentrations increased in a linear pattern, 
whilst the control treatment had a sharper rise and then a plateau for calcium, phosphorus and 
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magnesium. There would appear to be an influence on the metabolism of these three bone 
important minerals through the inclusion of organic minerals. 
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Figure 8 - Trace mineral content of hair samples at 9, 15 and 21 days after start of feeding control 

() and organic treatment () diets. 
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Figure 9 - Change in trace mineral content of hair at 9, 15 and 21 days after start of feeding control () and organic treatment () diets. 
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Table 17 - The concentration (ppm) of macro minerals (pooled data from all sites) of sows fed 

Control or organic Treatment diets, collected at 9, 15 or 21 weeks from diet introduction. 

  Collection week  P value 

Mineral  9 15 21 SEM Diet Week D x W 

Calcium 

 Control 502.4a 757.1b 758.0b 71.4 
0.042 0.001 0.601 

 Treatment 397.5a 548.4b 696.3c 69.5 

Phosphorus 

 Control 291.4a 441.3b 432.6b 35.4 
0.018 0.000 0.501 

 Treatment 223.8a 324.2b 401.6c 32.8 

Magnesium 

 Control 134.3a 229.5b 227.7b 20.4 
0.000 0.000 0.535 

 Treatment 88.5a 144.6b 181.7c 16.4 

Potassium 

 Control 1,274a 2,029b 1,921b 145 
0.548 0.000 0.940 

 Treatment 1,160a 1,904b 1,906b 192 

 

There were significant effects of the site of sampling on the concentration of minerals within 
hair, although differences between treatments at each site were not consistent (Table 18 & 
19). Hair samples collected from the neck showed a higher degree of variationto those 
collected from the shoulder or rump, whilst differences between the left and right side of the 
animal were not established (Figures 12 – 15). Laying preference was recorded, but it showed 
no difference in mineral composition, suggesting that soiling was not an issue with mineral 
analysis. 

Table 18 - The site (Neck, Shoulder or Rump) concentration (ppm) of trace minerals within hair of 
sows fed Control or organic Treatment diets, (pooled date from all weeks). 

  Collection site  P value 

Mineral  Neck Shoulder Rump SEM Diet Site D x S 

Zinc 

 Control 174.7a 189.4b 179.2ab 3.75 
0.764 0.000 0.016 

 Treatment 161.8a 203.9b 181.1c 5.16 

Copper 

 Control 11.7ab 12.3b 11.1a 0.27 
0.000 0.000 0.032 

 Treatment 12.3ab 14.2b 11.4a 0.34 

Manganese 

 Control 3.8a 8.9b 6.1ab 0.59 
0.162 0.000 0.241 

 Treatment 2.6a 9.3b 4.6a 0.51 

Selenium 

 Control 0.59a 0.55ab 0.52b 0.02 
0.000 0.000 0.921 

 Treatment 0.67a 0.62ab 0.60b 0.02 
a,b,cCollection week means in the same row with different superscripts differ 
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Figure 10 - Macro mineral content of hair samples at 9, 15 and 21 days after start of feeding control () and organic treatment () diets. 
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Figure 11 - Change in macro mineral content of hair at 9, 15 and 21 days after start of feeding control () and organic treatment () diets.
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Figure 12 - Radar chart of hair zinc concentration (ppm) at each 
collection location on organic treatment sows. 
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Figure 13 - Radar chart of hair copper concentration (ppm) at 
each collection location on organic treatment sows. 
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Table 19 - The site (Neck, Shoulder or Rump) concentration (ppm) of macro minerals within hair of 

sows fed Control or organic Treatment diets, (pooled date from all weeks) 

  Collection site  P value 

Mineral  Neck Shoulder Rump SEM Diet Site D x S 

Calcium 

 Control 376.6a 904.6b 629.0c 54.9 
0.099 0.000 0.161 

 Treatment 266.9a 947.7b 443.6c 48.3 

Phosphorus 

 Control 252.4a 509.8b 347.0a 27.9 
0.061 0.000 0.799 

 Treatment 187.8a 484.0b 286.9a 26.1 

Magnesium 

 Control 116.5a 257.9b 189.1ab 17.6 
0.001 0.000 0.312 

 Treatment 73.8a 234.2b 111.5ab 12.5 

Potassium 

 Control 1147a 2247b 1598ab 127.7 
0.987 0.000 0.000 

 Treatment 709a 2815b 1473c 117.0 

 

Discussion: 

Trace mineral analysis of hair samples collected from sows fed a control mineral premix and an 
organically supplemented mineral premix was able to show differences in the pattern of 
mineral deposition within the hair as the length of supplementation increased. These 
differences were quite marked for both zinc and manganese, but the pattern of mineral 
deposition wasn’t markedly different for copper and selenium. Additional changes were 
observed in the levels of macro-minerals in the hair samples between the organic and inorganic 
trace mineral treatments, despite the dietary levels and composition of these macro-minerals 
being the same for both treatments.   

The inclusion of organic minerals resulted in a reduction in the concentration of the three bone 
important macro-minerals (calcium, phosphorus and magnesium) in hair samples. Given the 
fixed pool of calcium within the sow and her diet the calcium not deposited into the hair is 
either excreted from the animal or is deposited elsewhere within the animal. Looking at the 
macro-minerals that differed significantly, and the lack of lactation activity, increases to bone 
mineralization would appear a reasonable option. 

Mineral interactions (Figure 16) are common between these trace and macro-minerals. Zinc 
shows mutual synergy with copper and phosphorus, but is antagonized by calcium. Copper 
negatively interacts with calcium. Manganese has mutual synergy with phosphorus, antagonizes 
magnesium but is antagonized by calcium. Whilst these interactions are well established they 
did not appear to have a major impact on the uptake of minerals within the hair. 
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Figure 16 - Mineral interaction wheel. Direction of arrows denotes interference, arrows aimed at 
each other denote mineral synergy, arrows aimed away from each other denote mutual mineral 

interference or antagonism. 
(Source: http://www.criticalelements.com.au/health.html) 

 

Conclusion: 

Trace mineral analysis was able to successfully demonstrate differences in mineral absorption 
when organic minerals were added to a mineral premix. Generally, the inclusion of both 
organic copper and selenium increased deposition of these minerals in hair samples, while 
additional and supplemental organic manganese reduced the level of manganese in hair 
samples.  The analysis of hair samples showed distinctively different patterns of deposition for 
zinc and manganese, whilst the patterns of deposition for copper and selenium were more 
uniform. The rump would appear to be the best site for collecting hair in any future research 
with reduced sample variation within treatments, followed by the shoulder, whilst variation 
within the neck meaning this site should be avoided. The inclusion of additional levels of 
organic minerals impacted other minerals that are known to be important for bone health 
development, with the pattern of deposition of calcium, phosphorus and magnesium being 
markedly altered. It would appear that the inclusion of these minerals for foot health plays a 
role beyond their direct inclusion. 

Future Research: 

The changes in deposition of minerals observed in this study occurred from the addition of 
organic mineral complexes above the normal levels of the mineral and vitamin premix, it is 
important that we determine if the same rise in mineral deposition occurs if we add additional 
concentrations of inorganic minerals to attain similar levels of total supplemental mineral 
intake. A study has been designed that will compare hair samples collected from the rump 21 
weeks after diets containing the standard, an organic mineral supplemented and an inorganic 
mineral supplemented vitamin and mineral premixes were first offered to sows.  
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5. Application of Research  

The remedial feet-trimming of sows is able to change the type of foot lesion that develops, 
however its impact on the sow is limited. Feet trimming did not have an impact on lameness 
and had only a minor impact on wean-to-oestrus intervals. The prophylactic treatment of 
mated gilts doesn’t appear to be warranted. The established foot lesions present at inspection 
in this project suggests that they begin development earlier in the gilts life, greater 
scrutinizing of lesions at selection may be needed to reduce the incidence of foot lesions.  

Thermography would appear to be a useful tool for targeting treatment in those sows that 
show lameness. The high incidence of hotspots seen in sows with a normal gait suggests that 
the early identification of sows that go on to suffer lameness will only be likely through further 
scientific research utilizing this technology.  

The results of the analysis of hair samples in sows has shown that the inclusion of inorganic 
trace minerals in the diets of sows affects the both the deposition of these trace minerals and 
also macro-minerals associated with bone metabolism.  There appears to be scope to use hair 
analysis to better understand the metabolism of dietary organic/inorganic minerals associated 
with bone heath and lameness. 

6. Conclusion  

Trimming of gilts feet after they are mated, whilst effective at changing the pattern of foot 
lesions, did not have a major influence on the reproductive performance of the gilt within this 
herd, that had a relatively low incidence of lameness. It would appear that foot lesions are 
already established in gilts prior to first mating and that greater selection pressure placed on 
foot lesions when being selected for breeding is possibly required to influence lesion 
development. In a herd with significant issues with foot lesions this method may have greater 
application.  

Thermal imaging does not appear to be a method to identify sows that are likely to go lame in 
the short term, with hotspots seen in many sows with normal gaits. However, it does appear 
that thermal imaging is useful in identifying the potential cause of lameness in sows with 
modified gaits, allowing for more targeted treatments to be undertaken. Furthermore longer 
term studies may be required to determine whether thermal imaging can detect sows well 
before they develop and compromised gait and become lame 

Changes in organic mineral supplementation were able to be detected through the analysis of 
hair samples. This analysis not only showed changes in the pattern of deposition of the trace 
minerals in question but also showed an impact on the important bone minerals calcium, 
phosphorus and magnesium. Analysis of hair samples may be a useful adjunct in any studies 
that are designed to investigate the role of trace and macro minerals in bone/foot health and 
lameness. 

7. Limitations/Risks  
The effect of trimming gilts feet may be greater on herds that have significant issues with foot 

lesions, changed gaits and lesion associated lameness. As a routine practice across herds this 

practice appears to be limited. 
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8. Recommendations  
As a result of the outcomes in this study the following recommendations have been made: 

 As lesions are well developed at first mating, greater scrutiny during the selection 

process may be needed to reduce lesion incidence. 

 Feet trimming should be used in targeted programs, rather than as whole herd 

treatments. 

 Thermography can allow you to identify the potential primary cause of lameness in a 

sow to provide appropriate care and treatment. 

 Hair mineral analysis is a tool that can be used to observe mineral uptake by the body. 

It showed that mineral supplementation has a reasonably long lead time (months) for 

effects to be seen.  

 The inclusion of organic minerals had significant effects on the deposition of these 

trace minerals in hair samples. 

 Furthermore, the inclusion of additional and supplemental organic dietary minerals 

would appear to influence the deposition of calcium, phosphorus and magnesium, which 

may be of benefit to maintaining foot health. 
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Appendix 1: APSA XIV Submitted Papers 

Incidence of Foot Lesions in Sows Subjected to Foot Trimming 

Interventions as Gilts 
R.J.E. Hewitt 

1
, S.K.J. Peucker 

1
, M.E. Wilson 

2
 and R.J. van Barneveld 

3
 

1
CHM Alliance Pty Ltd, Millmerran, QLD 4350. 

2
Zinpro Corporation, Eden Prairie, MN, USA 55344. 

3
Barneveld 

Nutrition Pty Ltd, Loganholme, QLD 4129.  
___________________________________________________________________________________________________________ 

Lameness is the single biggest contributor to premature culling of sows (Hughes and Smits, 2002) and is a 

significant cost to Australian and International pig producers. Lameness and sow foot health can be influenced by 

various factors including gilt rearing practices, the environment of the pen and flooring, the nutrition of the sow and 

how she is managed in both gestation and lactation. Thus it is difficult to identify individual factors that contribute to 

poor sow foot health without any interaction with other causal agents.  

Sow foot health can be characterized by the incidence of foot lesions and associated lameness. Foot lesions 

observed in sows vary in severity and can include heel over-growth and erosions, separation along the white line, 

cracks in the sole or walls of the feet or irregularities in toes or dew claws. Whilst physical damage to the feet can 

result in lameness almost immediately, many of the foot lesions seen develop over the life of the sow, or can be a 

result of traumas in the developing gilt that are not corrected. The ability to remediate such lesions at a relatively 

young age in the sow’s productive life may arrest their development. It is hypothesized that the physical inspection 

and trimming of gilts early in their first gestation will affect the development of foot lesions, potentially leading to 

greater sow longevity and productivity. 

Gilts (n=500, Hybrid Parent Gilt, PIC Australia Pty Ltd, Grong Grong, NSW) housed in fully-slatted group-

housed (n=40) gestation pens, each fitted with a dual access electronic sow feeder, were walked, during their sixth 

week of gestation to a purpose built inspection pen fitted with a Zinpro® Feet First
™

 chute (Zinpro Corporation, Eden 

Prairie, MN, USA). Gilts were loaded into the chute and were raised to allow the inspection of the feet. Lesions on all 

four feet were assessed using the Zinpro® Feet First
™

 lesion scoring guide, and allocated to trimming or untrimmed 

control group using a completely randomized design. In the trimmed treatment, all four feet were trimmed with the 

aim of restoring normal claw conformation and weight distribution, and consisted of trimming the toes, straightening 

the wall, balancing the sole and heel and trimming of the dew claws if required. During the sixth week of their third 

gestation a similar inspection and trimming occurred. Differences in the pattern of lesion prevalence, at each parity, 

between treatments were analyzed by Chi-Square analysis (GenStat 15
th

 ed., Hemel Hempstead, UK). 

Table 1: Relationship between feet trimming during Parity 1 (P1) and changes in lesion score prevalence (%) in 

Parity 3 (P3) sows. Differences between treatments determined by Chi-Square analysis. 

   HOE HSC WL CWH CWV T DC 
2
 P value 

Front P1 Control 31.9 22.6 32.5 0.6 9.3 2.9 0.0 
3.77 0.708 

  Trim 42.2 21.4 24.6 0.6 9.1 1.3 0.6 

 P3 Control 76.9 4.9 16.4 0.0 2.0 0.0 0.0 
13.26 0.039 

  Trim 56.6 7.7 22.2 4.4 8.8 0.0 0.0 

Rear P1 Control 70.4 11.6 10.5 1.8 5.3 0.6 0.0 
1.89 0.929 

  Trim 75.9 10.3 8.4 0.6 3.2 1.3 0.0 
 P3 Control 72.1 2.9 16.3 2.0 4.8 1.0 1.0 

4.70 0.583 
  Trim 65.6 6.6 20.0 1.1 6.7 0.0 0.0 

HOE, heel over-growth & erosion; HSC, heel-sole crack; WL, white line; CWH, cracked wall horizontal; CWV, 

cracked wall vertical; T, toes; DC, dew claws 

 

Trimming in the first gestation significantly reduced the prevalence of heel overgrowth and erosion (HOE) in the 

front feet (Table 1) in parity three. At initial inspection lesion scores did not differ between treatments, with the 

predominate lesion being HOE in the rear feet and HOE, heel sole cracks (HSC) and white line separations (WL) on 

front feet. Whilst other lesions increased in prevalence with age, HOE is a major factor in itself leading to lameness, 

and to the development of HSC, wall cracks (CWH, CWV) and WL (Ossent, 2010). This intervention showed that we 

can change the incidence of foot lesions, however, treating the gilt during her first gestation may be too late. 

Assessment of foot lesions should occur at selection, suspect gilts should not be selected and foot health monitored 

too allow for treatment of lesions. 

___________________________________________________________________________________________________________ 
HUGHES, P.E. and SMITS, R. (2002). Project No 1611. Report prepared for the Pig Research and Development Corporation.  

OSSENT, P. (2010). “An Introduction to Sow Lameness, Claw Lesions and Pathogenesis Theories.” (Zinpro Corp., Eden Prairie, MN) 
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Feet Trimming Interventions in Gilts and Reproductive 

Performance Over the Subsequent Three Parities  

R.J.E. Hewitt 
1
, S.K.J. Peucker 

1
, M.E. Wilson 

2
 and R.J. van Barneveld 

3
 

1
CHM Alliance Pty Ltd, Millmerran, QLD 4350.

 2
Zinpro Corporation, Eden Prairie, MN, USA 55344. 

3
Barneveld 

Nutrition Pty Ltd, Loganholme, QLD 4129.  
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Lameness is normally associated with early culling and the loss of productivity associated with the removal of the 

animal, however, several studies have shown reduced rates of reproduction and production when comparing lame and 

healthy sows. Grandjot (2007) reported both fewer litters (<3.0 vs 4.5 litters per sow) for lame sows, and higher pre-

weaning mortality (PWM) in lame sows (27 % PWM vs 12.4 %), whilst another cohort study (Anil et al., 2009)  

showed that lame sows had a lower number of piglets born alive, which were of lower weight than progeny from their 

healthy counterparts. It is thought that the basis for this poorer performance is multifactorial, but often sows with 

lameness have decreased feed intake and that the inflammation associated with lameness shifts nutrient availability, 

with the nutrient flow to reproduction being reduced. Whilst lameness can be for multiple reasons, claw lesions have 

been shown to be evident in 97 % of lame sows (Ossent, 2010). The majority of lesions arise from trauma, 

inflammation or other mechanical factors. Treatments for trauma and inflammation are readily available but remedies 

for mechanical factors are more involved. Lesions such as heel overgrowth and erosion (HOE) are associated with 

overloading issues. This leads to increased keratinization causing increases in the overloading issue and a vicious 

circle ensues. We have shown (Hewitt et al., 2013) that trimming can reduce the incidence of significant lesions like 

HOE that often lead to lameness. It is hypothesized that the reduction in prevalence of severe foot lesions through 

remedial trimming will lead to a reduction in reproductive losses.   

Allocation of gilts (n=500) to treatment, feet assessment and lesion scoring and feet trimming were previously 

described in Hewitt et al. (2013). Lifetime reproductive data was extracted from the herd recording system. Data were 

analyzed using a GLM ANOVA (continuous data) or Chi-Square analysis (categorical data, GenStat 15
th

 ed., Hemel 

Hempstead, UK). 

Table 1: Relationship between foot trimming interventions, trimmed (Trim) or left untreated (Control) applied in gilts 

during early gestation and subsequent reproductive performance to three parities. 

 Parity 1 Parity 2 Parity 3 

 TB Wean WEI TB Wean WEI FR TB Wean WEI FR 

Control 12.5 10.6 8.8 11.5 9.8 6.1 84.9 12.9 9.7 6.7 89.0 
Trim 12.3 10.5 6.7 11.3 9.9 5.4 84.4 13.1 9.7 5.9 84.6 

SED 0.40 0.17 1.24 0.50 0.19 0.65  0.51 0.21 0.94  

P value 0.651 0.713 0.091 0.739 0.839 0.308 0.934 0.611 0.949 0.343 0.441 

TB, total born per litter; Wean, number of pigs weaned per litter; WEI, wean-to-oestrus interval; FR, farrowing rate; 

SED, standard error of difference. 

 

Trimmed gilts tended (P<0.10) to have a shorter wean-to-oestrus interval (WEI) than the control group after first 

weaning (Table 1).If we accept a 90% confidence interval for a commercial herd, these results are commercially 

significant. This subtle difference in WEI between trimmed and control sows was also observed at subsequent 

parities, although not being significant (P>0.05). There was no significant difference in total pigs born per litter, 

number weaned per litter or farrowing rates between control and trimmed sows. The reduction in WEI observed in 

trimmed sows may be due to possible increased lactation intake, however direct measurement of intakes would be 

required to test this hypothesis. While WEI may be influenced by trimming, the additional cost associated with 

remedial trimming is unlikely to pay dividends from a reproductive perspective alone, although any benefits to the 

sow from a welfare perspective need to be quantified. 

___________________________________________________________________________________________________________ 
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___________________________________________________________________________________________________________ 

Thermography has been used as a veterinary diagnostic tool to detect differences in topographical temperature 

resultant of localized trauma in bone, soft-tissue or nerve damage. Its use for analyzing foot health has been widely 

demonstrated in horses and proved efficient on detecting inflammation in the hooves of dairy cows (Nikkah et al., 

2005). The objective of this experiment was to investigate the usefulness of thermal imaging technology to facilitate 

early detection of sow lameness. The ability to successfully detect lameness in its early stages would then allow for 

remedial treatments that may prevent the early removal of that sow from the herd. 

Mixed parity sows (n=146; Camborough
TM

 29, PIC Australia Pty Ltd, Grong Grong, NSW) were held in fully-

slatted group housing, approximately 62 sows per pen, within a conventional dry sow shed. Pens were fitted with an 

electronic sow feeder (ESF) and 4 nipple drinkers. A survey of sows was conducted by randomly selecting 

individuals upon entry into a pen. Selected sows received a walking gait score, foot assessment for lesion presence 

and claw length followed by thermal imaging of all four limbs (FLIR E60, FLIR Systems, Inc., Wilsonville, OR, 

USA). Images were analyzed using the cameras spotmeter marker tool to locate hotspots associated with significant 

changes in temperature.  

 

    

Figure 1. Thermal image of a sows front right limb (left) with a gait score of 1 (mild lameness) and a sow right hind 

leg (right) with a gait score of 0 (no lameness). Both sows have no visual injury but show a temperature hotspot. 

Data showed that 45% of sows displayed images with one or more areas of increased temperature, illustrating an 

area hotspot. From these, 70% were identified as having a gait score of 0 and therefore not showing signs of 

lameness. A series of Chi Square analyses (GenStat 15th ed., VSNI Ltd, Hemel Hempstead, UK) revealed that a 

compromised gait (
2
=28.09, df=2, P<0.001), lesion presence (

2
=15.63, df=1, P<0.001) and an increase in claw 

length (
2
=7.58, df=2, P=0.023) was significantly associated with the presence of a thermal hotspot. Although sample 

size was small, sows revealing a compromised gait on assessment commonly displayed the presence of one or more 

hotspots within that limb. Whilst it was evident that thermal imaging detected changes in limb temperature within the 

joints and muscle of sows with a compromised gait, hotspots could also be found in sows with a normal gait. These 

hotspots may be related to early signs of joint inflammation or potentially, osteochondritis from mechanical 

overloading (Keenslide et al., 2006). Whilst this study showed a significant association between the presence of a 

hotspot and lameness, the low number of sows in this study with abnormal gait scores (13.5%) suggests that either 

gait is not a sensitive measure of lameness, or the presence of inflammation resulting in a hotspot does not necessarily 

manifest as lameness. Further research is required to assess whether early identification of hotspots in the absence of 

changes in gait correlates with a higher incidence of lameness as the sow ages. 
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Appendix 2: Gestating sow thermal and digital images -1 

Individual images of a gestating sow without signs of lameness (gait score = 0) shown both 
thermally and digitally. Images illustrate an increase in temperature over the skeletal system 
of the hind and fore limbs, in particular the limb joints and cartilage. 

 
Figure 17 - Thermal image of a sow’s right hind limb with a gait score of 0 and no visual injury, 

showing an area of increased temperature assumed as inflammation over the hock joint. 

 
Figure 18 - Thermal image of a sow’s left hind limb with a gait score of 0 and no visual injury, 

showing an area of increased temperature assumed as inflammation over the metatarsophalangeal 
joint. 

  



  

 39 

 
Figure 19 - Thermal image of a sow’s left fore limb with a gait score of 0 and no visual injury, 

showing an area of increased temperature assumed as inflammation over the knee joint. 

 

 
Figure 20 - Thermal image of a sow’s left fore limb with a gait score of 0 and no visual injury 

showing an area of increased temperature assumed as inflammation over the metacarpophalangeal 
joint. 
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Appendix 3: Gestating sow thermal and digital images - 2 

Individual images of a gestating sow without signs of lameness (gait score = 0) shown both 
thermally and digitally. Images illustrate an increase in temperature over the muscular system 
of the hind and fore limbs. 

 
Figure 21 - Thermal image of a sow’s right hind limb with a gait score of 0 and no visual injury 

showing an area of increased temperature assumed as inflammation over the Biceps femoris muscle. 

 

 

 
Figure 22 - Thermal image of a sow’s left fore limb with a gait score of 0 and no visual injury 

showing an area of increased temperature assumed as inflammation over the scapular spine muscle. 
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Figure 23 - Thermal image of a sow’s left fore limb with a gait score of 0 and no visual injury 

showing an area of increased temperature assumed as inflammation over the extensor muscles of 
the forelimb. 

 

 


