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ABSTRACT 

 

An issue that affects group housed sows worldwide is a reduced ability to stand or move 

around free of injury or lameness. A reduction in locomotive behaviours and lameness 

generates many negative impacts on the longevity, productivity and welfare of the affected 

sow. Further accentuating the effects of lameness, is the lack of an industry standard 

locomotion scoring system. Such a tool would assist industry bodies to identify, treat or 

remove lame sows from their herds.  The aim of this study was to determine the associations 

between novel traits and the locomotion of gestating sows and gilts. The novel traits 

investigated were: fight injuries, condition, willingness to move and old/new injuries, along 

with other nuisance factors, such as breed or date monitored. Data was collected over a 30 

week period, measuring the associations between these novel traits and the incidence of 

lameness among sows.  Sow locomotion was scored from 0 to 3 with 0 = normal movement 

(no evidence of lameness) and 3 = non-weight bearing on affected limb or unable to walk. 

Sow condition was scored as average, over conditioned or under conditioned, while any 

existing injuries were noted as new or old. An injury score from zero to three was used to 

describe the extent and number of injuries present with 0 = no scratches present and 3 = 

>10 scratches present.  A sow’s willingness to move was also noted as either willing or 

unwilling. The novel traits fight injuries, condition and willingness to move were found to 

have significant associations (p-value <0.05) with the locomotion score of gestating sows. 

Date monitored was also identified as having a significant association with the locomotion 

score of a sow. This study suggests that the industry needs to standardise a locomotion 

scoring system that can be implemented throughout Australian piggeries to assist in the 

identification, treatment or removal of lame sows.  

 

 

 



 

 

CHAPTER 1  

 

Literature Review 
 

The prevalence of injury and lameness in gestating sows and the 
impacts it has on welfare and production:  

 

1.1 Introduction  

Lameness, as a result of injury or infection, occurs often and causes great losses throughout 

the Australian pork industry, particularly among breeding sows and gilts (Anil et al., 2005). 

Lameness is characterised as a deviation from the normal gait and posture of a sow and can 

be an indication that an animal is experiencing pain or discomfort when standing and 

walking (Kilbride et al. 2009). As such, lameness becomes an obvious welfare concern that 

should be prevented or treated accordingly.  Lameness in the breeding herd is a major cause 

of premature removal or culling, which results in increased economic and production losses 

due to the cost of treatments, replacement gilts and the loss of future reproductive output 

(Anil et al., 2005; Dewey et al., 1992; Kilbride et al., 2009; Schenck et al., 2008) . Lameness 

can have many causes, for example: infectious arthritis, non-infectious degeneration of 

bone, cartilage and joint, foot lesions or traumatic limb damage are the most common 

(Kilbride et al., 2009). However, injuries acquired as a result of aggression, which lead to 

infection and lameness are also very common in group housed sows. In these situations, the 

injuries acquired can cause sows to display a false or awkward gait, resulting in 

misidentification of lameness. These challenges illustrate the importance of correct and 

educated observation of lameness among breeding sows and gilts.  

 

The length of an adult sow’s life, referred to as ‘longevity’, is now recognised as both an 

economic and a welfare concern for producers. Although there are currently no consistent 

methods for measuring sow longevity within the industry, some definitions include; 

stayability, lifespan, lifetime prolificacy and herd life (Kim L Bunter & Lewis, 2010; Hodge & 

Bates, 2010).  Similarly, the definition and the measurement of pig welfare have changed 

over the years, influencing the perceived importance of lameness and longevity as welfare 

measures within swine herds (Heinonen et al., 2013). Previously, lameness has been 
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suggested as an important animal-based indicator of well-being in pigs, as it reflects 

problems in the environment, such as bad flooring, and can be expected to cause 

behavioural changes as a result of reduced locomotion and/or pain. Such changes include; a 

reduction in activity level, social and feeding behaviours (Heinonen et al., 2013). 

Consideration of the welfare implications of group housing during gestation is complex as it 

has clear advantages and disadvantages in relation to pig welfare (Karlen et al., 2006). Yet, 

lameness has been found more commonly in herds contained in group housing systems 

(Pluym et al., 2011).  

 

1.2 Locomotion and injury scoring  

Locomotive scoring systems are used throughout the cattle and sheep industries to observe 

and identify lame animals (Dorp et al., 2004). These systems use visible indicators, such as an 

arched back in cattle or a nodding head in sheep to create reliable and repeatable 

classifications of lameness. Unfortunately, such indicators are difficult to define in pigs due 

to their rigid and awkward locomotion and many producers tend to misidentify lame or 

sound pigs without a clear definition (Kilbride et al., 2009). In addition, the relatively short 

neck of a pig limits the potential vertical movements of their head, making diagnosis of 

lameness more challenging and unreliable (Anil et al., 2009a, 2009b; Main et al. 2000).  

Compared with other animals, the difficulty in observing lameness in pigs is likely to 

attribute to problems in assigning consistent and repeatable scores. Thus, it becomes clear 

that a criterion-referenced standard identification system for lameness needs to be 

developed and utilised throughout the industry. This would provide a uniform and reliable 

observation and treatment of lame pigs. The need to identify lameness in swine herds stems 

from the considerations for pig behaviour and welfare (Anil et al., 2009a; Committee, 2008; 

Temple et al., 2011). As such lameness is a significant aspect of pig welfare because it 

indicates pain, suffering and a reduced ability to cope with the environment (Dalmau et al., 

2010). Although it is not possible to determine whether or not the abnormal gait results 

directly from the pain the animal is experiencing, abnormal weight bearing is likely to be 

associated because of the increased strain placed on the locomotive system. Thus, it has 

been suggested that abnormal gait can be indicative of a reduction in quality of life (Kilbride 

et al., 2009).  
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In past observational studies by Anil et al., (2009b) and Pluym et al. (2011),  pigs were scored 

in a sliding scale from 0-6;   

- 0 = no visible limp 

- 1 = walks with a slight limp but fairly strong on legs 

- 2 = walks reasonably well but with a noticeable limp 

- 3 = walks with much difficulty and is often not weight-bearing 

- 4 = can be made to stand but with great difficulty 

- 5 = downer pig (cannot be made to get up) 

- 6 = splayed  

Similarly, in a study by Kilbride et al., (2009), pigs were scored on a sliding scale from 0-5; 

score 0 = normal, sound behaviour and score 5 = most abnormal behaviour indicative of 

lameness. A total of 4 scores per individual sow were given, with respect to the following 

factors; 

- ‘initial response to human presence’ 

- ‘behaviour of individual within the group’ 

- ‘standing posture’ 

- ‘gait’  

Although both of these studies provided significant information for the industry at the time, 

comparing and analysing their work in the future will prove difficult because they utilised 

different scoring systems. Similarly, it cannot be known which system is more reliable or 

consistent until further research is completed. However, it would be ideal for the industry if 

a locomotion scoring system included aspects from both of these studies. Such a system 

would incorporate the use of a sliding scale, defined by lameness terminology that would be 

consistent throughout the industry, and the addition of descriptive or locative information 

which could enable the operator to further categorise the type of injury or lameness the sow 

is enduring.  

 

For example, the system implemented by Anil et al., (2009a) and Pluym et al. (2011) could be 

used to score each individual pig in relation to the categories applied by  Kilbride, Gillman, 

and Green (2009), depending on the location and needs of the producer.  On the other hand, 

increasing the number of observations or measures taken for each pig could result in 

increases in time usage and therefore labour costs, which could potentially inconvenience 

the producer, even though they would be provided with more accurate information. 
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Similarly, the more responses that are needed to produce an overall locomotion score, 

allows greater room for errors and incorrect scoring to occur. However, when a standard 

system is agreed upon and implemented throughout the Australian pork industry, it is likely 

that all producers will be obliged to use it for purposes of consistency.   

 

1.3 Environment 

Despite the advantages for animal welfare, group housing systems generate higher 

hierarchical interactions and aggression between sows. As a result, limb problems and 

lameness are found to be more prevalent since the industry has deemed group housing 

systems as standard throughout Australian piggeries (Pluym et al., 2011).  Confinement 

housing may have been the primary factor in the incidence and severity of structural 

weakness in swine, as past studies found that the duration of confinement was positively 

correlated with the degree of joint damage in gestating sows and gilts (Schenck et al., 2008).  

However, at present limb and locomotive problems derive from the negative and aggressive 

interactions that occur between sows as they determine their social hierarchy, a process in 

which interactions occur most frequently within the first 48 hours. Thereafter, sows and gilts 

somewhat settle into their established hierarchy; some become submissive and others 

dominant within their social group or pen (Hodge & Bates, 2010). The aggression and 

fighting behaviour that takes place during this process can leave sows with large wounds 

across their flanks; this reduces their health and wellbeing by increasing the chances of 

infection and lameness (Verdon et al., 2013). Due to the size and frequency of these wounds, 

it becomes too expensive and time consuming for all animals to be treated; thus it could be 

days or weeks later when chronic lameness is identified.  

 

Inappropriate flooring conditions are also known to alter a pig’s gait. A higher prevalence of 

lameness has been reported in pigs housed on fully-slatted floors compared with pigs 

housed on solid floors, however this was found to be more evident in older sows than gilts 

(Kilbride et al., 2009). Due to lame or injured sows being uncomfortable while standing and 

walking, they tend to spend long periods of time lying on hard surfaces, decreasing the sow’s 

ability to transition between standing and lying (Kilbride et al., 2009). Housing and 

management strategies influence the incidence of lameness among group housed sows 

indirectly, affecting the number and type of movements the pigs can make within their pens. 

Although a stockman’s options are usually limited when it comes to housing gestating sows 
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and gilts, actions can be taken to promote healthy interactions between pigs and allow ease 

of access to feed and water. These include, penning sows according to their size, keeping 

group sizes to a minimum and removing any weak or injured sows from the group.  When 

pigs are kept indoors, the flooring should be non-slippery, non-abrasive and provide a sound 

footing (Heinonen et al., 2013).   Lame sows with reduced activity and mobility might suffer 

from increased negative social interactions. These sows should be given the possibility to 

recover from the condition in hospital or sick pens, where they can eat and drink without the 

need to compete with healthy or dominant sows (Heinonen et al., 2006).  

 

1.4 Genetics 

Within today’s industry, piglets are required to grow to a large body weight very quickly; this 

compromises the soundness of their feet and legs, thus increasing their susceptibility to 

lameness as they age (Anil, 2007).  Due to the degree of production losses associated with 

lameness, foot and leg soundness is an important selection criterion used by pork producers 

when choosing replacement breeding stock (Anil, 2007). In contrast, for the past two 

decades, genetic improvement has targeted production aspects in order to improve the 

swine herd; growth, feed conversion and carcass quality, along with reproduction aspects 

such as litter size are most common foci. Consequentially there is an inadequacy in existing 

selection techniques for complex, multi-gene traits like reproductive performance and 

disease susceptibility (Foxcroft et al., 2013). Robustness of the sow in loose housing systems 

and traits for greater disease resistance may become an important focus for the producer, 

especially if lameness remains a major reason for premature culling of breeding stock.  

 

Often, the occurrence of lameness has tended to be associated with parity, as younger sows 

seemed to be at higher risk of developing lameness compared to older sows (Pluym et al., 

2011). This could be linked to their age at breeding and the capacity for future growth: if 

young gilts cannot support their weight during gestation, they are likely to become injured 

or lame, as opposed to older sows that have already reached their mature weight. Similarly, 

longevity of breeding sows is a genetic trait with a significant effect on pig farm profitability. 

Summarised as the ability to delay involuntary culling, sow longevity can impact on the 

reproductive output of the herd by influencing the average age and parity of breeding stock 

(Rozeboom et al., 1996). It has been suggested that breeding stock are most productive 

when their ages vary, allowing for variances in litter size, weaning rates and disease 
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susceptibility in piglets. Genetic traits associated with longevity could become a focal point 

for the development of robust sows.  

Historically, pigs from the Duroc and Yorkshire breeds have been genetically more resistant 

to clinical and subclinical diseases than pigs from the Landrace and Hampshire breeds 

(Henryon et al. 2001), yet the majority of Australian piggeries consist of Landrace or 

Landrace cross herds. In a similar study, Foxcroft et al. (2013) found that genetic variation for 

resistance to lameness, generally correlated among the predicted breeding values of clinical 

and subclinical diseases, exists in growing pigs. This provides an issue for future research, 

perhaps to develop a means of genetically selecting pigs that have a higher resistance to 

disease, such as lameness, in order to improve the overall robustness of breeding stock.  

 

1.5 Impact on production 

The prevalence of lameness varies from herd to herd, yet in some studies it can exist in up to 

20% of all sows (Pluym et al., 2011).  Generally, acutely lame sows are immediately removed 

from the herd, while chronic, less severe lameness can be unidentified or left until after the 

sow is weaned. This affects her performance throughout gestation and lactation and thus 

indirectly increasing losses. At the herd level this is seen as a decrease in reproductive 

output and an increase in culling and mortality of sows. Removal of chronically lame sows 

may also result in reduced payments from the slaughterhouse, causing an even greater loss 

of revenue (Heinonen et al., 2013).                          

 

One of the obvious consequences of lameness is pain and inflammation, causing a reduction 

in feed intake and weight gain. As a result, the potential for inflammatory responses in gilts 

and sows should be minimised, to improve the longevity of the sow herd (Wilson & Ward, 

2012; Wilson et al., 2009). The metabolic responses to starvation and severe inflammation, 

such as lameness, essentially causes associated brain signalling responses within the animal, 

leading to excess stressors upon the body. Similarly, osteomalacia in sows is most commonly 

observed at weaning, due to a marked reduction in calcium during lactation. A sudden 

outbreak of lameness in recently weaned sows should open suspicions of a problem related 

to calcium or vitamin D deficiency (Dewey et al., 1992). Prevention and early treatment of 

lameness will help maintain appetite, feed consumption and weight gain while reducing the 

negative effects of metabolic stress. 
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In other species, such as cattle, lameness has been associated with infertility in bulls and 

reduced conception rates in cows. However in a recent study by Heinonen et al. (2006), the 

results didn’t support the hypothesis that lame sows were less likely to become pregnant, 

even though severe lameness did appear to be associated with lower fertility rates. 

Furthermore, no association could be found between lameness and the duration of a sow’s 

weaning to mating interval, and no association could be found between lameness in the last 

month of pregnancy and the number of piglets born alive, stillborn or their birth weights. 

This suggests that lameness has greater impacts on the health and wellbeing of the sow 

rather than her reproductive capabilities (Heinonen et al., 2006).  Similarly, the 

manifestations of lameness are likely to be less pronounced at weaning than before 

farrowing, so some producers may tolerate lameness until the sow has weaned a litter 

(Heinonen et al., 2013). Lameness has often been found to be the primary reason for 

removal of a sow within 35 days of farrowing, especially younger sows, yet removals due to 

lameness can continue up to 140 days after farrowing. Overall, the time when lameness is 

diagnosed can have an effect on the culling decision of the producer: lame sows in early 

gestation are more likely to be removed prior to farrowing than lame sows in late gestation. 

 

As a result of chronic lameness, lame sows are unlikely to attain optimal breeding efficiency 

in their lifetime; some producers require at least 3 litters from a sow to obtain positive 

revenue (Anil et al., 2009b).  A lack of appropriate analgesics and anti-inflammatories, and 

the high labour costs associated with providing medication for individual animals in a large 

herd, reiterates the fact that prevention of lameness is more beneficial than treatment.  The 

extent of the issue is significant, with up to 13% of sows in Norway and 15% in Denmark 

having been estimated as lame (Kilbride et al., 2009). Ideally Australian producers should aim 

for less than 10% lameness across their herd, utilising and manipulating all aspects of 

production to obtain maximum output from their breeding sows.  

 

1.6 Summary/Conclusion  

The level of productivity of a breeding herd is influenced by a number of factors, including 

genetics, nutrition, health status, housing, gilt development, stockman-ship and 

management. Depending how these factors are managed, the levels of performance and 

productivity achieved by individual sows within the breeding herd can vary significantly. 

Locomotion disorders, such as lameness, result in a lower average longevity of sows in the 
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breeding herd, a loss of revenue and increased costs for medication and 

euthanasia/destruction. Thus a high prevalence of breeding sows with lameness and leg 

problems is detrimental for Australian pork producers. Commonly, the removal of sows from 

the herd before they attain their optimal production age results in an unbalanced parity 

distribution and reduced reproductive output. Sow longevity may be considered as an 

important genetic and welfare aspect of future breeding objectives of an enterprise, 

supported by its considerable economic importance. Similarly, it should be in the best 

interests of the industry to develop a standardised, uniform and repeatable locomotion or 

lameness scoring system that can be utilised in all aspects of production to identify and 

eliminate the presence of lameness in the herd.    



 

 

CHAPTER 2  

Scientific Paper 

 

2.1 Introduction:  

Lameness in breeding sows and gilts is a major cause of premature removal or culling 

throughout the Australian pork industry, leading to severe economic and production losses 

(Anil et al., 2005; Dewey et al., 1992; Kilbride et al., 2009; Schenck et al., 2008).  Lameness, 

as a result of injury or infection, is characterised as a deviation from the normal gait and 

posture of a sow and can be an indication that an animal is experiencing pain or discomfort 

when standing and walking (Kilbride et al., 2009). Although lameness can have many causes, 

the injuries acquired as a result of negative interactions and aggression between sows, are 

very common in current group housing systems. Lameness has been suggested as an 

important indicator of well-being in pigs, as it reflects problems in the environment and can 

be expected to cause behavioural changes as a result of reduced locomotion ability or pain 

(Heinonen et al., 2013). Despite the advantages for animal welfare, group housing systems 

generate higher hierarchical interactions and aggression between sows. As a result, limb 

problems and lameness are found to be more prevalent since the industry made the move 

toward group housed sows (Karlen et al., 2006, Pluym et al., 2011).  

 

Locomotive scoring systems are used throughout the cattle and sheep industries to observe 

and identify lame animals. These systems utilise a numerical sliding scale, using visible 

indicators, such as an arched back in cattle or a nodding head in sheep to create reliable and 

repeatable classifications of lameness. Unfortunately, such indicators are difficult to define 

in pigs and many producers tend to misidentify sows as lame without a lack of an agreed 

definition (Kilbride et al., 2009).  

 

In studies by Anil et al. (2009b) and Pluym et al. (2011), gestating sows were scored on a 

sliding scale from 0-6;   

- 0 = no visible limp 

- 1 = walks with a slight limp but fairly strong on legs 

- 2 = walks reasonably well but with a noticeable limp 
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- 3 = walks with much difficulty and is often not weight-bearing 

- 4 = can be made to stand but with great difficulty 

- 5 = downer pig (cannot be made to get up) 

- 6 = splayed  

Similarly, in a study by Kilbride et al. (2009), pigs were scored for lameness on a sliding scale 

from 0-5; score 0 = normal, sound behaviour and score 5 = most abnormal behaviour 

indicative of lameness. In this study, a total of four scores were given to each sow, with 

respect to the following factors; 

- ‘initial response to human presence’ 

- ‘behaviour of individual within the group’ 

- ‘standing posture’ 

- ‘gait’  

It would be ideal for the industry if a standard identification system for lameness was 

developed, including aspects from both of these studies: this should incorporate the use of a 

descriptive sliding scale and the addition of comments or explanations. Hence, this project 

has adopted a system which combines both of these previous studies, aiming to not only 

easily identify lame sows, but also to determine which novel traits may have a significant 

effect upon the sow’s susceptibility to lameness.  

 

Often, the occurrence of lameness has tended to be associated with parity, as younger sows 

seemed to be at higher risk of developing lameness compared to older sows (Pluym et al., 

2011). This could be linked to their age at breeding and the capacity for future growth. If 

young gilts cannot support their weight during gestation, they are likely to become injured 

or lame, as opposed to older sows that have already reached their mature weight. Similarly, 

longevity of breeding sows is a genetic trait with a significant effect on pig farm profitability. 

Summarised as the ability to delay involuntary culling, sow longevity can have an impact on 

the reproductive output of the herd by influencing the average age and parity of breeding 

stock (Rozeboom et al, 1996).  

 

Due to the degree of production losses associated with lameness, feet and leg soundness is 

an important selection criterion used by pork producers when choosing replacement 

breeding stock (Anil, 2007). However, for the past two decades, genetic improvement has 

targeted production aspects such as growth, feed conversion and carcass quality, along with 
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reproduction factors in order to improve the swine herd. Consequentially there is an 

inadequacy of existing selection techniques for complex, multi-gene traits like reproductive 

performance and disease susceptibility (Foxcroft et al., 2013). Robustness of the sow in loose 

housing systems and traits for greater disease resistance have become important foci for the 

producer, as lameness remains a major reason for premature culling of breeding stock.  

 

This study aims to identify the novel traits associated with lameness, in order to promote 

genetic selection of more robust sows in the future and further improve the longevity of 

gestating sows. Sow condition, the degree of fight marks present, whether those marks were 

new or old and the sow’s willingness to move have been identified as possible traits that 

could be associated with a sow’s susceptibility to lameness. In this study, these traits were 

observed and measured alongside a locomotion score, from zero to three, to provide a 

thorough explanation of a sow’s locomotion abilities. These indicators could then be utilised 

to expand genetic selection programs, selecting for novel traits and the production of robust 

breeding sows.  
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2.2 Materials and Method:  

 

2.2.1 Research Methods: 

All the pigs utilised for this project were sourced from Rivalea’s Corowa piggery and housed 

at Module 5. In total, 1975 gestating sows and gilts were used: consisting of 710 gilts, 828 

parity one (P1) and 233 parity two (P2) sows. Three pure bred lines of pigs were used; 819 

Large Whites (L1), 679 Landrace (L2) and 272 Duroc (L5). These sows and gilts were selected 

for breeding based upon their high genetic merit as part of the thorough selection regimen 

in place at Rivalea. Only gilts with high estimated breeding values (EBV) and ideal 

conformation were entered into the breeding herd. 

 

Throughout gestation, all sows and gilts were housed in groups of varying sizes. Gilts were 

kept in pens of two, seven or 12 (± 2) within the boar shed, while P1 and P2 sows were kept 

in pens of 11 (± 2) throughout two dry sow houses. Sows were housed in groups of mixed 

parities.  The pens in the boar shed (BS) allocated 1.45 m2 per gilt, while the pens in the dry 

sow houses provided 1.40 m2 per sow, both equal to current industry standards (Primary 

Industries Standing Committee, 2008). The flooring across all three sheds consisted of half 

concrete slats and half solid concrete. Gilts were floor fed daily, while the sows throughout 

Dry Sow House 1 (DH1) and Dry Sow House 2 (DH2) were fed in troughs that ran along the 

side of the pen.  

 

Observations and measurements of all gilts and sows were taken at five weeks gestation, 

after pregnancy testing had been completed. Only sows and gilts that were pregnant were 

used for this research. Observations were made on a weekly basis by the same person whilst 

walking through each pen of sows or gilts. All pigs were encouraged to stand up and walk 

around their pen during observations. Each sow or gilt was identified using their ID number 

(ear tag) and measurements of the following novel traits were taken;  

- Sow gait and her ability to walk around 

- Body condition  

- Type of injury  

- Fight marks  

- Willingness to move and any additional comments. 



Chapter 2 – Scientific Report 

Page | 22  

 

A locomotion score (LS) from 0 to 3 was used to describe the sow’s gait and her ability to 

walk; 

- 0 = normal movement (no evidence of lameness) 

- 1 = mildly lame, uneven or stiff movement but still using all legs 

- 2 = moderately lame, uneven weight bearing, additional signs (eg. Head bobbing) 

- 3 = non-weight bearing on affected limb or unable to walk 

A condition score (CS) of average, over conditioned (OC) or under conditioned (UC) was used 

to describe each sow’s body condition (Department of Agriculture, 2010-2014), while any 

existing injuries were noted as new or old. An injury score from 0 to 3 was used to describe 

the extent and number of fight injuries present; 

- 0 = No scratches present 

- 1 = 1-5 scratches present 

- 2 = 5-10 scratches present  

- 3 = >10 scratches present  

 

It was also noted if a sow was willing or unwilling to move when approached by the 

observer. If a sow was willing to move without encouragement she was scored as ‘yes’, while 

any sow that was unwilling to move when encouragement or assistance was provided was 

scored as ‘no’. If a sow showed evidence of being lame at the time of observation, the location or 

description of injury/lameness was noted and categorised where possible. These comments 

allowed categorical analyses to be performed, to further assess the incidence of injury or 

lameness.    

 
All measurements were recorded and tabulated, using excel. See appendix 2. 

 

2.2.2 Statistical Analysis: 

All analyses were performed using the statistical package R (R CoreTeam, 2014), fitted in a 

Linear Mixed Effects Model. Fight injuries, condition, willingness to move and old/new 

injuries were analysed as fixed effects, while ID number was fitted as a random term for the 

initial analyses. Once the final model was determined, all factors, including the nuisance 
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factors: breed, date, parity, shed and PgShed were fitted as fixed effects and analysed 

accordingly.  Significant associations were determined by a p-value ≤ 0.05.  

Some may question the use of a liner model for the analysis of categorical or ordinal factors. 

However, it was justified in this study by the large quantity of data analysed and the design 

of the locomotion scoring systems utilised.  These systems were designed so that each score 

category was an increment of 1 and increased from least to most severe, according to the 

factor analysed.  With more than two categories for most factors, the data acted linear and 

was therefore analysed as such.   See appendix 1 for further information.  
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2.3 Results:  

 

2.3.1 The effects of novel traits on a sow’s susceptibility to lameness:  

The average percentage of sows that were found to be lame at the completion of this study 

was 4.41%, as displayed below in table 1. A total of 87 sows exhibited some degree of 

lameness with a locomotion score of one or two. Although, there were 0 sows found to be 

suffering from severe lameness with a locomotion score of three, at five weeks gestation.  

 
 
Table 1: Summary of raw data for locomotion score and lameness. 

 
 
 
 
 
 
 
 
 
 

 Table 2:  The effects nuisance factors had on locomotion score and novel traits.  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 
 
 
 

 
* Indicates a significant value.     

Locomotion Score Total Number % Lame 

  0                      1888                          0 

  1                          74                    3.75 

  2                          13                    0.66 

  3                            0                          0 

  GRAND TOTAL                      1975                    4.41 

Response Nuisance factors: Type III SSquares – p-value: 

Locomotion Score  

pgShed 0.710 

Breed 0.234 

Date <0.001 * 

Fight Injuries 

pgShed <0.001* 

Breed <0.001 * 

Date <0.001 * 

Condition  

pgShed 0.007 * 

Breed 0.174 

Date 0.001 * 

Willingness to Move 

pgShed 0.105 

Breed 0.067 

Date 0.427 
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Date was the only nuisance factor that had a significant association with locomotion score 

(Table 2). However, the nuisance factors appeared to have affected each variable differently: 

PgShed, date and breed all had significant associations with the novel trait fight injuries. 

Similarly, PgShed, breed and parity were significantly associated with condition, while none 

of these nuisance factors appeared to be associated with a sow’s willingness to move.  

 

It is clear that the novel traits; fight injuries, condition and willingness to move were 

significantly associated with locomotion score (Table 3), yet only condition was significantly 

associated with the presence of fight injuries. Neither condition nor fight injuries were 

significant associated with willingness to move. ID number was used to represent the 

random effects associated with each individual sow: this was not found to be significant 

either.  

 

Table 3:  The effects of both novel traits and nuisance factors on locomotion score, fight 

injuries, condition and willingness to move.  

 

 

 

 

 

 

 

 

 

 
 

 

* Indicates a significant value.  

 

Response Predictor variables: Type III SSquares – P-value: 

Locomotion Score  

Fight Injuries  0.015 * 

Condition  0.004 * 

Willingness to Move <0.001 * 

Date <0.001 * 

Fight Injuries  

Condition  <0.0001* 

Willingness to Move 0.233 

Date <0.001 * 

pgShed <0.001 * 

Breed <0.001 * 

Condition  

Fight Injuries <0.001 * 

Willingness to Move 0.710 

Date 0.001 * 

pgShed 0.017 * 

Willingness To Move 
Fight Injuries 0.272 

Condition 0.962 
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The statistical models used to analyse this research are summarised in Table 4. It is clear that 

the final model, analysing the associations between novel traits and locomotion score, 

should include the novel traits: fight injuries, condition, willingness to move and the 

nuisance factor: date. The novel trait old/new injuries did not exert any significant 

associations with locomotion score, so was not included in the final model. Similarly, the 

other nuisance factors: shed, pgShed and breed were not significant and therefore were also 

dropped from the final model. When the effects of old/new injuries were compared to the 

effects of fight injuries, it was found that fight injuries had a greater association with 

locomotion score; thus old/new injuries was not tested further. Whilst comparing the 

associations between the random factor ‘sow’ and locomotion score, it was found that the 

model which was inclusive of this term had a better fit than the model without the random 

factor. Thus, the random term ‘sow’ was not included in the final model (see AIC value, Table 

4).  
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Table 4:  A Summary of the statistical analyses performed for each novel trait.   

* Indicates a significant p-value.  N/A – there was no analysis performed for this criterion.    AIC = Aikakes Information Criteria.  

 
 

Final model;  Locomotion Score ~ Fight Injuries + Condition + Willingness to Move + Date 
 
Trait models;  Fight Injuries ~ pgShed + Breed + Date + Condition  

Condition ~ pgShed + Date + Fight Injuries 
No significant effects model for Willingness to Move. 

Novel Trait 
Fight 
Injuries 

Condition 
Willingness 
to Move 

Old/New 
Injury 

Sow 
(random) 

Date pgShed Breed R2 Value AIC Value 

 

Locomotion 

Score 

 

 

 

(Final Model) 

 

0.0155 * 

0.0155 * 

- 

- 

- 

Y 

 

0.0004 * 

0.0004 * 

- 

- 

- 

Y 

 

<0.0001 * 

<0.0001 * 

- 

- 

- 

Y 

- 

- 

- 

- 

- 

0.4329 

N 

- 

- 

- 

Y 

N 

- 

N 

<0.0001 * 

- 

<0.0001 * 

- 

- 

- 

Y 

0.7107 

- 

- 

- 

- 

- 

N 

0.2346 

- 

- 

- 

- 

- 

N 

0.08135 

 

 

 

 

 

0.06186 

 

 

 

15.71 

13.71 

Fight Injuries 

- 

- 

- 

- 

<0.0001 * 

- 

- 

0.2335 

- 

- 

- 

- 

- 

- 

- 

<0.0001 * 

<0.0001 * 

- 

<0.0001 * 

<0.0001 * 

- 

<0.0001 * 

<0.0001 * 

- 

N/A 

 

N/A 

Condition 

- 

<0.0001 * 

- 

- 

- 

- 

0.0719 

- 

- 

- 

- 

- 

- 

- 

0.0013 * 

- 

- 

0.0173 * 

- 

- 

0.1472 

- 

- 

N/A N/A 

Willingness to 

Move 

- 

0.2724 

- 

- 

0.9624 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.4277 

- 

- 

0.1056 

- 

- 

0.0672 

- 

- 

N/A N/A 
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2.3.2 Fight injury effects: 

 

Table 5:  The relationship between the number of fight injuries and locomotion score as 

they relate to the incidence of lameness in the herd. These figures were collected 

from raw data. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

The presence or absence, of fight injuries was found to have significant associations with the 

locomotion score of a gestating sow. The results indicated that sows who exhibited a larger 

number of fight injuries (FI score 3) generally had a greater chance of developing lameness.   

 

LOCOMOTION SCORE 

 FIGHT INJURIES 0 1 2 Grand Total % Lame 

0 1178 33 8 1219 3.363 

1 479 25 1 505 5.148 

2 220 14 4 238 7.563 

3 11 2 

 

13 15.384 

Grand Total 1888 74 13 1975 4.405 

Fight Injuries Effect Plot 
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Fight Injuries 

Figure 1:  The effects associated with fight injuries and locomotion score. These values 
are obtained from Least Square Means, see appendix 1. 
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2.3.3 Condition effects: 

 

Table 6:   The relationship between condition category, locomotion score and the incidence 
of lameness in pregnant sows. These figures are from raw data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sow condition was found to have a significant association with locomotion score. It 

appeared that over-conditioned sows were most likely to develop an injury or lameness 

during gestation.  

 

 

LOCOMOTION SCORE 

 CONDITION 0 1 2 Grand Total % Lame 

OC 114 10 4 128 10.937 

Ave’ 1681 61 9 1751 3.997 

UC 93 3 

 

96 3.125 

Grand Total 1888 74 13 1975 4.405 

Figure 2:  The effects associated with sow condition score and locomotion score. 
These values are obtained from Least Square Means, see appendix 1. 
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Condition Effects Plot 
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2.3.4 Willingness to move effects: 

 

Table 7:  The relationship between the novel trait willingness to move, locomotion score 
and the incidence of lameness in pregnant sows. These figures are obtained from 
raw data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Willingness to move had a significant association with a sows’ susceptibility to lameness or 

injury. It was evident that if a sow was unwilling to move, she had most likely developed an 

injury or lameness.  

 

 

LOCOMOTION SCORE 

 WILLINGNESS TO MOVE 0 1 2 Grand Total % Lame 

Yes 1861 68 9 1938 3.973 

No 27 6 4 37 27.027 

Grand Total 1888 74 13 1975 4.405 

Figure 3:  The effects associated with a sows willingness to move and locomotion score. 
These values are obtained from Least Square Means, see appendix 1. 

Willingness to Move Effect Plot 

Willingness to Move 
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2.3.5 Old/New Injury effects: 

 

Table 8:  The relationship between the novel trait old/new injuries, locomotion score and 
the incidence of lameness in pregnant sows. These figures are obtained from raw 
data. 

 

 

 

The novel trait old/new injuries did not have any significant associations with a sow’s 

susceptibility to lameness. Similarly, when compared to the effects of fight injuries, there 

were no significant differences found to be caused by old/new injuries.  

 

 

2.3.6 Date effects: 

 

The relationship between the date of observation and the locomotion score of a sow is 

provided in Figure 4. There is a marked increase in the amount of lameness present at the 

beginning of the study; this is further explained in the discussion. Similarly, there is evidence 

of a slight increase in the amount of lameness as the season begins to change from summer 

to autumn. There are also multiple dates where there is no evidence of lameness upon 

observation.  

Date was significantly associated with the locomotion score of a sow.   

 

 

 

 

LOCOMOTION SCORE 

 OLD/NEW INJURY 0 1 2 Grand Total % Lame 

No Injury  1176 34 8 1218 3.448 

Old Injury 471 29 5 505 6.732 

New Injury  241 11 

 

252 4.365 

Grand Total 1888 74 13 1975 4.405 
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2.3.7 Breed effects: 

 

Table 9:  The relationship between breed, locomotion score and the incidence of lameness 
in pregnant sows. These figures were collated from raw data.  

 

 

 

 

 

 

There was no significant association between breed and a sow’s susceptibility to lameness. 

 

 

 

LOCOMOTION SCORE 

 BREED 0 1 2 Grand Total % Lame 

1 881 27 5 913 3.504 

2 719 33 7 758 5.277 

5 288 14 1 303 4.950 

Grand Total 1888 74 13 1975 4.405 

Figure 4:  The incidence of lameness, from November 2013 until the end of June 2014, in the 
herd of pregnant sows.   
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2.3.8 Parity effects: 

 

Table 10:  The relationship between parity, locomotion score and the incidence of lameness 

in pregnant sows. These figures were collated from raw data 

 

 

 

 

 

 

Parity did not have a significant association with the occurrence of injury and lameness in 

gestating sows and gilts.  Parity has been analysed in combination with Shed as ‘pgShed’ 

further below.  

 
 

2.3.9 Shed effects: 

 

Table 11:  The relationship between shed, locomotion score and the incidence of lameness in 
pregnant sows. These figures were obtained from raw data. 

 

 

 

 

 

 

The effects associated with shed were not significant on locomotion score. Further analysis 

of shed has been completed in combination with parity below, as ‘PgShed’.   

 

 

 

LOCOMOTION SCORE 

 PARITY 0 1 2 Grand Total % Lame 

P1 901 37 5 943 4.453 

P2 218 12 3 233 6.437 

G 769 25 5 799 3.754 

Grand Total 1888 74 13 1975 4.405 

 

LOCOMOTION SCORE 

 SHED 0 1 2 Grand Total % Lame 

BS 769 25 5 799 3.754 

DH1 604 19 5 629 3.821 

DH2 514 30 3 547 6.032 

Grand Total 1888 74 13 1975 4.405 
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2.3.10 Interaction effects of pgShed: 

 

Table 12:  The relationship between pgShed, locomotion score and the incidence of lameness 
in pregnant sows. These figures were collated from raw data. 

 

 

 

 

 

 

 

In order to eliminate any interaction effects between parity and shed, these factors were 

combined and analysed subsequently. Similar to the individual associations between parity, 

shed and locomotion score, there were no significant associations with the combined factor, 

pgShed and locomotion score.   

 

 

2.3.11 Characterisation of lameness: 

 

If lameness or injury was observed, the location, type of injury or the reason for lameness 

was categorised.  Figure 5 below, shows the percentages of sows that displayed a particular 

type of injury or lameness, in a particular location. It appeared that 30% of sows exhibited an 

injury or lameness in their back legs, while 11% showed evidence of a back injury. There was 

also a 6% incidence of lameness for sows or gilts that showed evidence of being lame, yet 

the location or description of their lameness was unable to be identified. The incidence of 

other reasons for injury or lameness in figure 5 was low.  

  

 

LOCOMOTION SCORE 

 PGSHED 0 1 2 Grand Total % Lame 

BSG 769 25 5 799 3.754 

DH1P1 495 14 4 513 3.508 

DH1P2 110 5 1 116 5.172 

DH2P1 406 23 1 430 5.581 

DH2P2 108 7 2 117 7.692 

Grand Total 1888 74 13 1975 4.405 
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Figure 5:  A categorical analysis of the injuries or lameness exhibited in gestating sows and 
gilts, according to the descriptions or locations available. 

Front & back leg 
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1% 
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Front knee 
7% 

Front leg 
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3% 
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3% 
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6% 

Description and % of Lameness in Sows & Gilts 
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2.4 Discussion:  

 

2.4.1 Locomotion score 

In order to determine the extent of lameness a sow may be experiencing, locomotion was 

scored from zero to three. A locomotion score of 0 indicated that the sow was not 

experiencing any signs of lameness and was able to move freely, while a locomotion score of 

1 or above indicated that the sow was experiencing some degree of lameness. As shown in 

table 1, the majority of sows who exhibited evidence of lameness were categorised as mildly 

lame with a locomotion score of 1.  Furthermore, if the sow was hindered by lameness, 

some comments may have been used to describe the extent or character of the lameness. 

For example, descriptions like ‘back hock’, ‘front foot’, ‘uneven gait’ or ‘open wound’ were 

used to describe and locate the injury that may have been causing the sow to be lame. As 

shown in figure 5, the most common area for injury or lameness to develop was the back 

leg, with 30% of lameness appearing in this region of the sows in the study. This result is not 

surprising, as the back leg is the largest weight bearing region of the sow, enduring major 

weight and stress while standing, walking and lying down (Anil et al., 2005; Dalmau et al., 

2010; Main et al., 2000).  It is however, a concern for producers as this area of the sow can 

also be the most misidentified when it comes to lameness.  

 

Currently, there is not a standardised locomotion scoring system for the pork industry (Corp, 

2014). However, standardised locomotion scoring systems are used throughout the cattle 

and sheep industries on a daily basis (O’ Callaghan et al., 2003). Dairy farmers, beef feedlots 

and lamb producers alike, use standardised locomotion scoring systems to identify, treat or 

remove lame stock.  Although there are variations in the scoring system of each industry, 

they all report on the severity of the lameness on a sliding scale: the dairy industry score 

from 0 to 5, while the beef and sheep industries score from 0 to 3. Zero represents a cow or 

lamb with no evidence of lameness, while 3 or 5 represents an animal with severe chronic or 

acute lameness ("Dairy lameness assessment and prevention program ", 2014).  

Standardised systems reduce the errors associated with identifying lame stock. They are 

designed using a descriptive framework of images and diagrams, in which each scale clearly 

defines the significant levels of lameness in stock. As the severity of lameness increases, the 

locomotion score will consequentially increase.  These systems are well documented and 
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supported throughout the various industries and are easily adapted to varying situations and 

utilised in everyday husbandry procedures (Temple et al., 2013).  

 

A standardised locomotion scoring system will soon be considered an economical and 

productive method of identifying lameness throughout Australian piggeries (Corp, 2014).  It 

will be advantageous for the industry to have such a system, which can be implemented to 

observe and monitor lameness in all situations of pork production. For the treatment of 

lameness or any associated injuries, early identification is ideal, as it would allow piggery 

attendants to provide the sow with appropriate mediation and give her an optimal chance of 

recovery (Li et al., 2013). If such injuries are left too late, the sow may suffer severe 

lameness and will most likely need to be culled from the breeding herd. In comparison, if the 

sow can be treated relatively early, she would have an increased chance of recovery, greater 

longevity and therefore provide a greater return for the enterprise (Anil et al., 2005, 2009a, 

2009b; Dewey et al., 1992; Wilson & Ward, 2012; Wilson et al., 2009).    

 

The research benefits of a standardised locomotion scoring system cannot be understated. It 

would allow for validation in repetition studies and enable researchers and industry bodies 

alike, to accurately identify and eliminate lameness in gestating sows. A locomotion scoring 

system will also enlighten areas for further research that will in turn improve overall animal 

welfare and economic returns for the producer.  

 

 

2.4.2 Novel traits   

To further improve the identification of lameness throughout the industry, this study 

suggested that novel traits such as condition score or fight injuries might be indirect 

measures associated with lameness. It has been suggested that these novel traits could be 

scored similar to locomotion and used to assess or determine the degree of lameness a sow 

may be experiencing.   

 

This study has found that the novel traits associated with condition had a significant 

association with the locomotion score of a sow or gilt. A total of 224 sows and gilts were 

either UC or OC at the time of observations. Of these sows, 57% were OC and more likely to 
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develop an injury or lameness during gestation. It was surprising to note that OC sows were 

more likely to develop lameness, opposed to the UC sows that have most likely lost 

condition as a result of being bullied in their pen. Lameness, as a result of increased stress 

upon the weight bearing limbs of a sow, was only accentuated when the sow became OC 

(Aasmundstad et al., 2014). This extra weight made it harder for the limbs to cope and thus, 

increased the time the sow spent lying. This compounding stress on the limbs of a sow, due 

to her increased condition and weight, further reduced her ability to move around freely (K L 

Bunter & Lewis, 2013).  

 

The number of UC sows that were found to be lame was slightly less than OC sows; however, 

the impacts of reduced feed intake on a gestating sow can be severe for the economics and 

productivity of the piggery. Sow aggression levels regularly impact the performance and 

welfare of sows within group housing systems (Greenwood et al., 2014).  A submissive sow 

will commonly become UC due to persistent bullying and fighting with the more dominant 

sows in the group (Verdon et al., 2013) resulting in reduced weight gain and reduced animal 

welfare. Not only does an OC sow have an increased susceptibility to lameness, she also has 

the potential for farrowing difficulties, reduced litter sizes due to increased fat deposition or 

reduced locomotive behaviours (Maes et al., 2004). It is in the best interests of both the sow 

and the piggery to maintain gestating sows at an average condition.  

 

The association between fight injuries and a sow’s susceptibility to lameness were found to 

be significant. It was evident in figure 1 that an increase in fight injuries leads to an increase 

in locomotion score, resulting in an increased incidence of lameness. The fight marks evident 

in this study were most commonly the result of negative interactions between sows within a 

pen (Kranendonk et al., 2007; Greenwood et al., 2014). These negative interactions occurred 

most commonly when a mixing event had occurred, causing disruptions to their dominance 

hierarchy. Sows generally establish their hierarchy in the first 24-48 hours (Parenta et al., 

2012), yet they continue to fight throughout gestation.  Dominance fighting cannot be 

prevented, however animal husbandry activities should consider the welfare implications of 

mixing gestating sows multiple times. The stress experienced by sows during hierarchy 

establishment is often enough to discourage feed intake, cause the sows to abort or develop 

infections as a result of fight injuries. These negative interactions therefore lead to 

reductions in sow longevity, productivity and often, lameness (Kranendonk et al., 2007).  
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Old/new injuries were analysed in this study to see if the novel traits associated with these 

injuries had a significant effect on the locomotion score of a sow. However, this study 

showed that there were no significant effects generated by old/new injuries on locomotion 

score. While categorising old or new injuries, it became evident that the majority of these 

injuries were a result of fight injuries. As there were only 6% of old/new injuries that were 

not classified as fight injuries, as seen in figure 5, the lack of significance of this novel trait 

was not unexpected. If future research was to investigate these novel traits again, it would 

be ideal for the classification of old/new injuries to focus on other types of injuries, such as 

open wounds or dew claw wounds, instead of fight injuries.  The results may be different to 

what was discovered in this study.    

 

Sows and gilts were also analysed to see if there was a relationship between their ability to 

move, as a locomotion score, and their willingness to move. It was discovered that the novel 

trait willingness to move was significantly associated with sow locomotion. Sows that 

indicated that they were unwilling to move, by screaming or being reluctant to stand, were 

most likely to have developed a severe injury or lameness. As stated in table 7, 27% of sows 

that were classified as unwilling to move had a locomotion score of one or greater.  This 

result is not unexpected, as an injured or lame sow would not be willing to move due to the 

perception of increased levels of pain or discomfort (O’Callaghan et al., 2003). However, 

there were also sows that displayed signs of being unwilling to move, yet they were not 

classified as being lame. This is also not unexpected, as pigs can be quite stubborn at times 

and may take a lot of encouragement to stand up or move around, whether they are lame or 

not (Temple et al., 2011).  Nonetheless, this novel trait has potential to aid the industry in 

the identification and treatment of lameness, when welfare observations are performed 

thoroughly to ensure any unwilling to move sows are identified.      

 

2.4.3 Nuisance factors 

Nuisance factors parity, shed, breed, date and pgShed were also taken into consideration to 

determine if they had an effect on the incidence of lameness. The significance level of date 

suggested that environmental factors, such as weather or season, may have influenced sow 

lameness. However, as this research was only completed over 30 weeks of the year, the 
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same effects of date may not be as important to the incidence of lameness over a 12 month 

period. Had this research been completed over 52 weeks, date may have been considered a 

substantial effect and seasonal factors could have been analysed further. There are 

incidences throughout the 30 week period where date has a significant effect on locomotion 

score: as seen in figure 4, there are five dates where there was no evidence of lameness or 

injury upon observation. The performance of sows on these dates could not be explained, 

although there are various reasons that could possibly explain why lameness was evident 

throughout the 30 week period: 

-  Seasonal weather patterns; such as extreme heat or cold, or sudden changes in 

temperature have explained the rises in lameness present at the beginning of 

November. At this time, Corowa was experiencing the first extreme heat wave of the 

summer, with temperatures above 40 °C. Thus, the sows endured a large amount of 

heat stress during the early stages of gestation (Edwards et al., 1968). Summer heat 

stress causes many losses throughout the pork industry each year, resulting in 

reduced fertility of sows, reduced locomotive behaviours and reduced feed intake 

(St-Pierre et al., 2003). Therefore, it is no surprise that the summer heat period also 

resulted in a larger amount of lameness or injury among gestating sows.  

 

- Increased stressors on the body; such as metabolic abnormalities caused by dietary 

nutrient imbalanced or illness could be the reason behind the appearance of 

lameness at the change of each season. As autumn arrived, there was evidence of a 

slight increase in the prevalence of lameness (Figure 4). This could be due to the 

environmental stressors associated with changing weather conditions, or due to an 

increased level of activity among sows (St-Pierre et al., 2003). As the weather cools, 

sows tend to consume more food. Thus, any associated changes in with their 

metabolic state could lead to increased stress on the sow, further influencing their 

feed intake, social interactions or locomotive behaviours (De´Saute´ et al., 1997; Riet 

et al., 2013).  

 

- Changes in husbandry procedures; such as the inclusion of vaccination regimens or 

sow mixing result in increased movement and activities among sows, often leading 

to greater negative interactions and aggression levels. When performing husbandry 

procedures, such as vaccinating or pregnancy testing gestating sows, stock persons 
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commonly enter the pen and disrupt these sows. As a result, they can become highly 

stressed and injure themselves on flooring or infrastructure, while trying to avoid 

the stock person (Pluym et al., 2011). Although these animal husbandry activities 

were not measured in this study, it seemed that they were highly stressful events 

and caused large amounts of discomfort among sows.  

 

Observations and scoring were initially carried out on gilts and parity 1 sows only. However, 

the possibility of lameness carrying over multiple parities was questioned and thus, parity 2 

sows were introduced to the project midway through this study. Although a large number of 

observations were collected, there was no significant difference found between the 

incidences of lameness in gilts, P1 or P2 sows. This finding differs from previous research by 

Anil et al. in 2005, as they found that lameness was most common in younger sows. These 

different outcomes could be due to many factors, such as genetics or environment, but was 

most likely the result of successful genetic selection regimens in place at Rivalea. Perhaps, if 

older P4 or P5 sows were used in this project, a significant difference could have been 

identified between the young gilts and older sows (Hodge & Bates, 2010).  

 

Any differences in lameness that can be associated with the age of sows could be 

predominantly linked to the environment. As sows age they are repeatedly subjected to 

harsh environments and increased stress, resulting from social and production demands. As 

a result of such harsh and stressful environments, older sows are often too weak to cope 

and more commonly become affected with lameness and injury (Anil et al., 2009b). The 

parameters of this research did not cover such older sows and therefore it is not possible to 

identify any relationship between the incidence of lameness and the age of the gestating 

sows. 

 

The Large White, Landrace and Duroc breeds used in this research exhibited lameness 

somewhat evenly, with slightly more lameness being prevalent in the L2 sows and gilts 

(Table 9). Upon selection into the breeding herd, all young gilts underwent a strict genetic 

test: their conformation, colours, teats and leg structure were all checked to ensure the 

breeding objectives of each line was met. Although the result was not significant, there were 

also an increased number of L5 sows and gilts that exhibited a locomotion score of one or 

greater, even though previous research has indicated that the Duroc line is renowned for 
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sturdy and robust conformation (Sevilla et al., 2008). These results suggested that the 

differences in genotype between the three breeds used in this study were less important 

than environmental factors. 

 

The housing of gilts and sows in groups of varying sizes, with floor space equal to 1.4 m2 

placed differential social pressures on these animals (Committee, 2008). With restricted 

room to move around and nowhere to escape to, it is easy to see that sow aggression is a 

large issue in group housing systems. Commonly, a dominant sow will relentlessly bully or 

fight with a submissive sow, even if there appears to be no reason for the interaction 

(Verdon et al., 2013). The consequences of sow aggression lead to large reductions in sow 

longevity and productivity (K L Bunter & Lewis, 2010; Li et al., 2013). This highlights the need 

for stabilisation of hierarchal interactions or the reduction of mixing events between sows. 

The sows in this study were mixed approximately two days after mating occurred, allowing 

the sows to establish their hierarchy in the five weeks before observations were made 

(Greenwood at al., 2014). The evidence of these negative interactions and fighting between 

sows is supported by the results of old/new injuries in table 8: a total of 759 sows exhibited 

evidence of fighting during the first five weeks of gestation.  

 

Although it was not identified as significant, there appeared to be effects associated with the 

shed that these sows were housed in.  This was expressed further when the effects of shed 

were analysed in combination with the effects of parity, as pgShed. The differences in the 

incidence of lameness between sheds could include the use of the boar to detect for returns, 

variations in feeding regimens or human interactions during the implementation of animal 

husbandry activities (Parenta et al., 2012). Yet, the most reasonable explanation is season. 

These sows were housed in DH2 during summer, a time in which sows experience seasonal 

infertility and display increased levels of sexual behaviours (St-Pierre et al., 2003). As a result 

of these sexual behaviours, sows are likely to become injured or lame.  
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2.5 Conclusion: 

 

This study concluded that the novel traits: fight injuries, condition and willingness to move 

had significant effects on the incidence of lameness in gestating sows and gilts. Similarly, the 

date in which animals were monitored was found to have significant effects on a sow’s 

susceptibility to lameness.  In order to reduce the negative economical and welfare 

consequences associated with lameness, the industry requires a standardised locomotion 

scoring system. An appropriate locomotion scoring system would combine the observational 

analyses of novel traits with a general locomotion score, enabling early identification, 

prevention and treatment of lameness when lameness is not always visible.   

 

This study has discovered that the incidence of lameness among gestating sows and gilts is 

significantly affected by the aggression displayed between group housed sows. Although 

there is likely to be no solution to reduce the negative interactions displayed by sows, due to 

the nature of their social hierarchies, there are studies that could be performed to further 

identify the links between lameness, aggression and social interactions. Future research 

could also investigate the associations between lameness in sows and the development of 

sub-clinical diseases. The novel traits identified as significant in this study, could be 

investigated further to assess the possibilities of incorporating them into genetic selection 

programs.  

 

The research benefits of a standardised locomotion scoring system cannot be understated. 

They allow for validation in repetition studies and enable researchers and industry bodies 

alike, to accurately identify and eliminate lameness in gestating herds. A locomotion scoring 

system will assist in identifying areas for further research, that will in turn improve overall 

animal welfare, productivity and economic returns for the producer. Implementing this 

locomotion scoring system will continue to assist producers with the early identification and 

treatment of lame sows, which will remain a high priority.    
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2.6 Industry focus: 

 

During the course of this research, the researcher has been invited to present the 

preliminary findings to the Pork industry at the following conferences;  

- Australasian Pig Science Association’s biennial international conference, 

Melbourne 2013. 

- Pan Pacific Pork Expo, ‘Forward thinking: creating opportunities’ industry 

focus conference, Gold Coast 2014.    

Thus, there has been a high level of industry interest in the research and the need for a 

standardised locomotion scoring system, to assist the welfare and productivity of gestating 

sows.  
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Appendix #1: Raw data tables and further statistical analyses.  
 

Table 1 -  Table of Means for Date:  (Raw data) 

Date MEAN 
Std Error of 
Mean 

Std Deviation Total Number % Lame  

11/12/2013 0.057 0.0341 0.3182 87 3.448 

11/02/2014 0.0188 0.0188 0.1373 53 1.887 

11/03/2014 0 0 0 43 3.571 

11/06/2014 0.0357 0.0203 0.1866 84 0.000 

12/02/2014 0 0 0 41 7.018 

12/03/2014 0.0166 0.0166 0.129 60 0.000 

14/05/2014 0.0701 0.0341 0.2577 57 6.667 

17/12/2014 0 0 0 54 5.882 

18/12/2013 0.0666 0.0463 0.2537 30 17.460 

18/02/2014 0.0588 0.0409 0.2388 34 4.444 

19/11/2013 0.2222 0.0657 0.5219 63 22.222 

19/02/2014 0.0666 0.0492 0.3302 45 8.197 

20/11/2013 0.2222 0.1008 0.4277 18 10.000 

20/05/2014 0.1311 0.0594 0.4645 61 4.545 

22/04/2014 0.1 0.039 0.3025 60 6.579 

24/12/2013 0.0454 0.0223 0.2094 88 0.000 

24/06/2014 0.0789 0.0363 0.3167 76 1.818 

26/02/2014 0 0 0 75 5.769 

28/01/2014 0.0181 0.0181 0.1348 55 5.682 

28/11/2013 0.0576 0.0326 0.2354 52 0.000 

28/05/2014 0.0795 0.0369 0.3464 88 12.000 

29/01/2014 0 0 0 41 5.000 

29/11/2013 0.12 0.0663 0.3316 25 1.471 

3/12/2014 0.05 0.05 0.2236 20 1.053 

30/04/2014 0.0147 0.0147 0.1212 68 1.887 

31/12/2013 0.0105 0.0105 0.1025 95 2.326 

4/12/2013 0.0188 0.0188 0.1376 53 2.778 

4/02/2014 0.0232 0.0232 0.1524 43 4.651 

4/03/2014 0.0434 0.0304 0.2061 46 4.000 

4/06/2014 0.0277 0.0195 0.1654 72 1.667 

5/02/2014 0.0697 0.0515 0.3377 43 3.704 

5/03/2014 0.0892 0.0384 0.2877 56 4.348 

6/05/2014 0.04 0.0227 0.1972 75 8.929 

8/01/2014 0.0166 0.0166 0.129 60 0.000 

9/01/2014 0.037 0.0259 0.1906 54 1.667 
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Table 2 - Table of Means for Fight injuries:  (Raw data) 

 

 

 
 
 
 
 

Table 3 – Table of Means for Condition:   (Raw data) 

Condition -1 0 1 

MEAN 0.0312 0.00451 0.1406 

Std Error of Mean 0.0178 0.00055 0.0379 

Std Deviation 0.1749 0.0231 0.0429 

TOTAL NUMBER 96 1751 128 

% LAME 3.12 3.99 10.93 

 

Table 4 – Table of Means for Willingness to Move:  (Raw data) 

Willingness to Move No Yes 

MEAN 0.378 0.004437 

Std Error of Mean 0.111 0.000519 

Std Deviation 0.6811 0.02274 

TOTAL NUMBER 37 1938 

% LAME 27.02 3.97 

 

Table 5 – Table of Means for Old/New injuries:   (Raw data) 

Obvious (old/new) Injuries 0 1 2 

MEAN 0.0041 0.0772 0.0433 

Std Error of Mean 0.00065 0.134 0.0127 

Std Deviation 0.0229 0.302 0.2039 

TOTAL NUMBER 1218 505 252 

% LAME 3.44 5.14 4.36 

 

 

 

 

 

Fight Injuries 0 1 2 3 

MEAN 0.00401 0.0534 0.0924 0.1538 

Std Error of Mean 0.00065 0.0104 0.0222 0.1041 

Std Deviation 0.0227 0.2338 0.3435 0.3755 

TOTAL NUMBER 1219 505 238 13 

% LAME 3.36 5.14 7.56 15.38 
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Table 6 – Table of Means for pgShed:   (Raw data) 

pgShed BSG DH1P1 DH1P2 DH2P1 DH2P2 

MEAN 0.0438 0.0428 0.0603 0.0581 0.094 

Std Error of Mean 0.0082 0.0105 0.0253 0.117 0.032 

Std Deviation 0.2333 0.2382 0.2731 0.244 0.3469 

TOTAL NUMBER 799 513 116 430 117 

% LAME 3.754 3.508 5.17 5.58 7.692 

 

Table 7 – Table of Means for Shed:   (Raw data) 

Shed BS DH1 DH2 

MEAN 0.0438 0.0461 0.0658 

Std Error of Mean 0.0082 0.0136 0.0115 

Std Deviation 0.2333 0.2448 0.2694 

TOTAL NUMBER 799 629 547 

% LAME 3.75 3.81 6.03 

 

Table 8 – Table of Means for Parity:   (Raw data) 

Parity  G 1 2 

MEAN 0.0438 0.0498 0.0772 

Std Error of Mean 0.0082 0.0078 0.0204 

Std Deviation 0.2333 0.2408 0.3121 

TOTAL NUMBER 799 943 233 

% LAME 3.75 4.45 6.43 

 

Table 9 – Tables of Means for Breed:   (Raw data) 

Breed 1 2 5 

MEAN 0.0405 0.0619 0.0528 

Std Error of Mean 0.0073 0.01 0.0136 

Std Deviation 0.2233 0.2768 0.2383 

TOTAL NUMBER 913 758 303 

% LAME 3.5 5.27 4.95 
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Table 10 - Least Square Means:   (Statistical analysis) 

Final model – Locomotion Score ~ Fight Injuries + Condition + Willingness to Move + Date 

  

 

 

 

 

 

 

 
(date LSMs not included) 

 

Table 11 - Least Square Means:   (Statistical analysis) 

Fight Injuries model – Fight Injuries ~ Condition +pgShed + Breed + Date 

 

 

 

 

 

 

 

 

 

(date LSMs not included) 

 

 

 

 

 

 

 

Trait Level LSMeans Std Error 

Fight Injuries 0 0.2194 0.0229 

1 0.2291 0.0242 

2 0.2555 0.0263 

3 0.3259 0.7014 

Condition  UC 0.2155 0.0355 

Ave’ 0.2337 0.0263 

OC 0.3232 0.0329 

Willingness to Move Yes 0.0974 0.0196 

No 0.4175 0.0441 

Factor Level LSMeans: Std Error 

pgShed BSG 0.1007 0.0522 

DH1P1 0.7039 0.0845 

DH1P2 0.8267 0.1146 

DH2P1 0.6859 0.0589 

DH2P2 0.6181 0.0968 

Condition UC 0.3135 0.0385 

Ave’ 0.3337 0.0233 

OC 0.4332 0.0469 

Breed 1 0.7116 0.0338 

2 0.7044 0.0353 

5 0.3452 0.0477 
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Table 12 - Least Square Means:   (Statistical analysis) 

Condition model – Condition ~ Fight Injuries + pgShed + Date 

 

 

 

 

 

 

 

 

(date LSMs not included) 

 

Table 13 - Pearson’s Correlation results:  (Statistical analysis) 

Models accounted for nuisance factors: 
Loco ~ Date 
Fight Injuries ~ Date + pgShed + breed 
Condition ~ pgShed + date 
Willingness to Move drawn from raw data. 

 

 

Trait 
Locomotion 
Score 

Fight Injuries Condition 
Willingness to 
Move  

Locomotion 

Score 
1.0000 0.0731 0.0856 -0.1766 

Fight Injuries 0.0731 1.0000 0.0983 -0.0276 

Condition  0.0856 0.0983 1.0000 -0.0027 

Willingness to 

Move 
-0.1766 -0.0276 -0.0027 1.0000 

 

 
Logistic Regression output: 

Locomotion score ~ Condition + Willingness to Move + Date  

 
Df  Deviance  Resid.Df  Resid.Dev  

               NULL               1974    713.4104 

     Date.Monitored  34  69.97993 1940   643.4304 

          Condition  2  11.14577   1938    632.2846 

Willingness.To.Move   1  20.18819   1937    612.0965 

 

 

Factor Level LSMeans: Std Error 

pgShed BSG 0.0392 0.0348 

DH1P1 -0.0094 0.0475 

DH1P2 -0.0585 0.0586 

DH2P1 0.1017 0.0365 

DH2P2 0.0099 0.0515 

Fight Injuries 0 -0.0308 0.0161 

1 0.0104 0.0191 

2 0.0815 0.0240 

3 0.0052 0.0922 



 

 

Appendix #2: Table used to collect data. 
 
(Example of data entry)

Sow ID 
Number 

Shed Pen 
Date 

Monitored 
Parity 

Locomotion 
Score (0-3) 

Condition  
(OC = 1 
UC = -1) 

Old or New 
Injury (Old = 1 

New = 2) 

Fight 
Injuries 

(0-3) 

Willingness 
To Move  
(Yes = 1  
No = 0) 

Comments 

1C3179 DH2 4/18 11/12/13 P1 0 0 0 0 1 
 

1C3195 DH2 4/30 11/12/13 P1 0 0 2 1 1 
 

1C3230 DH2 4/18 11/12/13 P1 0 0 2 2 1 
 

1C3233 DH2 4/27 11/12/13 P1 0 -1 0 0 1 
 

1C3240 DH2 4/20 11/12/13 P1 0 0 1 1 1 
 

1C3246 DH2 4/18 11/12/13 P1 0 0 2 2 1 
 

1C3250 DH2 4/30 11/12/13 P1 0 0 1 1 1 
 

1C3270 DH2 4/27 11/12/13 P1 0 0 0 0 1 
 

2D2844 BS A & B 11/12/13 G 2 1 0 0 0 Back leg 

2D2945 BS A & B 11/12/13 G 0 0 1 1 1  

2D2975 BS A & B 11/12/13 G 2 1 0 0 0 Front leg 



 

 

Appendix #3:  A summary of previously used locomotion scoring 

systems. 
 

Scoring system  Score Observed characteristics   

Dewey et al. 
(1993) 

0 Normal gait 

1 Stiff gait – mild 

2 Stiff gait – moderate 

3 Stiff gait – severe 

4 Lame – mild 

5 Lame – moderate 

6 Lame – severe  

7 Requires assistance to stand, then walk 

8 Can stand with assistance then falls 

9 Cannot stand 

Main et al. 
(2000) 

0 
Bright, alert, responsive, inquisitive; active in group; stands squarely 
on all fours; even stride; easy accelerations and turnings 

1 
Everything as in score 0 but abnormal stride length and movements 
no longer fluid (stiffness) 

2 
May show mild apprehension to boisterous pigs; uneven posture; 
shortened stride; lameness detected; caudal swagger; still agile 

3 

Bright but less responsive; last to leave the pen; apprehensive to 
boisterous pigs (remains separate from group activity); uneven 
posture; unwilling to bear weight on affected limb; shortened stride; 
caudal swagger; will still trot and gallop 

4 

May be dull; unwilling to leave familiar environment; will try to 
remain separate from other pigs in the group; affected limb elevated 
off floor while standing; visibly distressed; pig may not place limb on 
floor when moving 

5 
Dull and unresponsive; not leaving the group; may appear distressed 
by other pigs in the group but unable to respond; will not stand 
unaided; does not move 

Geverink et al. 
(2006)  

0 Normal gait  

1 Difficulties walking but still using legs 

2 
Severely lame, minimum weight bearing on affected limb or unable 
to walk 

3 Non-weight bearing on affected limb or unable to walk 

Karlen et al. 
(2007) – 
schematic  

0 
 

Normal ability to stand and move; symmetrical limb 
movements 

1 
Normal ability to stand and move; legs bearing weight similarly but 
compromised movement 

2 
Moderately lame: obviously reduced ability to stand; 
Movement diminished or difficult; unwillingness to bear 
weight on affected leg(s); frequent weight shifting 

3 
Severely lame: compromised ability to stand and move; one or more 
non-weight-bearing limbs, often with swollen joints; stiffness; 
frequent vocalisations if made to move. 

Kilbride et al. 
(2009) 

0 
Even strides. Caudal body sways slightly while walking. Pig is able to 
accelerate and change direction rapidly. 

1 
Abnormal stride length (not easily identified). Movements no longer 
fluent: pig appears stiff. Pig still able to accelerate and change 
direction. 

2 Shortened stride. Lameness detected. Swagger of caudal while 
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walking. No hindrance in pig's agility. 

3 
Shortened stride. Minimum weight bearing on affected limb. 
Swagger of caudal body while walking. Will still trot and gallop. 

4 Pig may not place affected limb on the floor while moving 

5 Does not move 

Welfare Quality  
(2009) 
Protocol for sows 

0 
Normal gait, or the animal has difficulties walking but is still using all 
its legs, the stride may be shortened and/or there may be a swagger 
of the caudal part of the body when walking 

1 
The animal is severely lame; it resists bearing weight on the affected 
limb 

2 
There is no weight bearing on the affected limb or the animal is 
unable to walk 

Zin Pro Corp 
(2009) 

0 
Sow moves easily with little inducement. She is comfortable on all 
her feet. 

1 
She moves relatively easy, but visible signs of lameness are apparent 
in at least one leg. She is reluctant to bear weight on that leg but still 
moves easily from site to site in the barn. 

2 
Lameness is involved in one or more limbs. The sow exhibits 
compensatory behaviours such as dipping her head or arching her 
back. 

3 
There is a real reluctance to walk and bear weight on one or more 
legs. It is difficult to move her from place to place on the farm. 

Mustonen et al. 
(2010) 

0 None, no lameness 

1 Minimal, stiff, ataxic or swaying gait, shortened stride 

2 Slight: limp visible, but animal unconcerned and exercises normally 

3 
Moderate: obvious limp present all the time (with head bobbing), 
animal having some difficulty with exercise, moderate kyphotic 
posture 

4 
Severe: animal barely weight bearing/not weight bearing, severely 
lame but able to move, severe kyphotic posture 

D’Eath  
(2012) 

0 
Normal: even strides, rear end sways slightly while walking, rapid 
acceleration and change of direction. Stands normally 

1 
Stiff: abnormal stride length, movements no longer fluent, pig 
appears stiff. Still able to accelerate and change direction. Stands 
normally. 

2 
Slight lameness: shortened stride, lameness detected, swagger or 
rear end while walking, no hindrance in pig's agility. Uneven posture 
while standing. 

3 
Lame: pig slow to get up (may dog sit), shortened stride, minimum 
weight bearing on affected limb (standing on toes), swagger of rear 
end. May still trot and gallop 

4 
Limping: pig reluctant to get up, holds limb off floor while standing, 
avoids placing affected limb on the floor while moving 

5 
Downer: pig unresponsive, does not move and struggles to stand 
when encouraged to do so 

Gregoire et al. 
(2013) 

1 Sow walks with even strides and no gait problem is observed 

2 
Abnormal stride length is detected. Movements are no longer fluent 
but no obvious lameness is detected 

3 
Stride is shortened and lameness is detected. Swagger of caudal body 
is noticed as sow walks 

4 Sow does not place affected limb on the floor 

5 Sow is unable to move. 



 

 

Appendix #4: Referencing system guidelines.  
 

Livestock Science Journal  

References concerning unpublished data and "personal communications" should not be cited in the 
reference list but may be mentioned in the text. 
 
Reference style 
Text: All citations in the text should refer to: 

1. Single author: the author's name (without initials, unless there is ambiguity) and the year 
of publication; 
2. Two authors: both authors' names and the year of publication; 
3. Three or more authors: first author's name followed by 'et al.' and the year of publication. 

Citations may be made directly (or parenthetically). Groups of references should be listed first 
alphabetically, then chronologically. 
 
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al. 
(2010) have recently shown ....' 
 
List: References should be arranged first alphabetically and then further sorted chronologically if 
necessary. More than one reference from the same author(s) in the same year must be identified by 
the letters 'a', 'b', 'c', etc., placed after the year of publication. 
 
Examples: 
Reference to a journal publication: 
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci. 
Commun. 163, 51–59. 
Reference to a book: 
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York. 
Reference to a chapter in an edited book: 
Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S., 
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281–304. 
 
Journal abbreviations source 
Journal names should be abbreviated according to the List of Title Word Abbreviations: 
http://www.issn.org/services/online-services/access-to-the-ltwa/ 
 
 
 

 

Retrieved from: http://www.elsevier.com/journals/livestock-science/1871-1413?generatepdf=true 

 

 


