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Introduction: Claw lesions significantly contribute to lameness, greatly affecting sow welfare. This study investigated different factors that would impact the severity of claw lesions in the sows of Brazilian commercial herds.

Methods: A total of 129 herds (n = 12,364 sows) were included in the study. Herds were in the Midwest, Southeast, or South regions of Brazil. Inventory sizes were stratified into 250–810 sows, 811–1,300 sows, 1,301–3,000 sows, and 3,001–10,000 sows. Herds belonged to Cooperative (Coop), Integrator, or Independent structures. The herd management was conducted either maintaining breeds from stock on-site (internal), or through purchase of commercially available genetics (external). Herds adopted either individual crates or group housing during gestation. Within each farm, one randomly selected group of sows was scored by the same evaluator (two independent experts evaluated a total of 129 herds) from 0 (none) to 3 (severe) for heel overgrowth and erosion (HOE), heel-sole crack (HSC), separation along the white line (WL), horizontal (CHW) and vertical (CVW) wall cracks, and overgrown toes (T), or dewclaws (DC) in the hind legs after parturition. The study assessed differences and similarities between herds using Principal Component Analysis (PCA) and Hierarchical Agglomerative Clustering (HAC) analysis. The effects of factors (i.e., production structure, management, housing during gestation, and region) were assessed using the partial least squares method (PLS).

Results and discussion: Heel overgrowth and erosion had the highest prevalence, followed by WL and CHW, while the lowest scores were observed for T, DC, and CVW. Herds were grouped in three clusters (i.e., C1, C2, and C3). Heel overgrowth and erosion, HSC, WL, CHW, CVW, and T were decreased by 17, 25, 11, 25, 21, and 17%, respectively, in C3 compared to C1 and 2 combined. Independent structure increased the L-Index in all three clusters. Furthermore, individual housing increased the L-Index regardless of the cluster. The results suggest that shifting toward larger, more technologically advanced herds could potentially benefit claw health. Additionally, adopting group gestation housing appears to mitigate the adverse effects on claw health, although further validation is necessary, as Brazil has only recently transitioned from individual housing practices.
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1 Introduction

Lameness is one of the major causes of early culling in sow operations worldwide and impacts animal welfare, productivity, and producer profitability. It is known that specific claw lesion types may be linked to increased predisposition to lameness (1, 2) and impaired reproductive performance (3, 4). Given the high prevalence of claw and foot lesions in slaughtered sows, which ranges from 88 to 100% (2, 5, 6), it is pivotal to understand the progression and severity of these disorders to develop effective nutritional and management strategies.

Some claw lesion types have been identified in sows and have different etiologies and pathogenesis. These include heel overgrowth and erosion (HOE), heel-sole crack (HSC), vertical (CVW) and horizontal (CHW) wall cracks, white line lesions (WL), overgrown toes (T), and dewclaws (DC). The most common disorder of the claw is HOE, mainly associated with standing/walking on hard surfaces, which increases the pressure on the side wall and white line, predisposing sows to lesions on those areas (2, 6, 7). Sows facing issues with HOE usually have various degrees of HSC, which is a consequence of constant tension, leading to fatigue on the tissue structure and rupture (8). Additionally, sows usually develop WL from HOE, as the white line is a fragile and flexible tissue that merges the elastic heel tissue and hard wall tissue (9). The WL is frequently aggravated by suboptimal flooring conditions, high humidity, and deteriorated sanitary conditions [i.e., poor cleaning or sanitation, decreased aeration rate, poor biosecurity precaution; (9)]. Lesions associated with HSC may compromise the corium, resulting in inflammation, infection, pain, and lameness (10). Cracks or fissures are common issues that can occur in a vertical (CVW; from the coronary band to the weight-bearing surface) or horizontal (CHW; parallel to the coronet) direction. The causes for CVW are less understood, and these lesions only develop into lameness when those cracks are deep (11). On the other hand, CHW are frequently associated with a physiological change leading to a disruption of hoof horn formation or a disease state, which interrupts horn formation in the hoof wall (11). Lastly, T and DC are linked with aging (11) and do not necessarily lead to lameness, mainly because of their subclinical and chronic nature (2, 12, 13). In severe cases, however, T and DC may become caught in slatted floors and may be completely ripped off. This can trigger the development of infections, lesions, and pain (14).

One of the major changes in Brazilian pork production in recent years has been technological advancements driven by increased exports. New arrangements in the pork supply chain, such as strictly coordinated systems, have shifted production structures from independent, smaller herds to larger and more advanced integrations and cooperatives (15). In Brazil, herds in the southern states of Paraná, Rio Grande do Sul, and Santa Catarina are particularly significant for integrators and cooperatives. This shift has led to improvements in nutrition, health status, and genetic material, which may collectively influence claw quality in commercial herds. In highly technified, integrated, or cooperative systems, herd management has considerable variation regarding maintaining breeds on-site (internal) or purchasing commercially available genetics (external). The approach taken may affect the development of claw lesions. Finally, it has been shown that WL is highly associated with lameness and is potentially more harmful in younger parity sows, while using group housing during gestation with electronic sow feeders predisposes sows to more severe lesions (16).

Recently, novel technologies, including mobile devices (i.e., for lesion recording), computer vision, and acoustic analyses, have been developed for claw lesion scoring and evaluation (17, 18). However, these technologies are still in the infancy of development, and many producers and field veterinarians still rely on visual evaluation of claws. Nonetheless, the processing and analyzing data from field observations is laborious as the number of animals and variables increases. Therefore, in veterinary science, multivariate statistical approaches have gained traction, allowing for testing the effects of factors on a smaller set of variables (19–21). There are several multivariate statistical approaches available including principal component analysis (PCA) and cluster analysis (hierarchical agglomerative cluster; HAC). Briefly, the PCA is often used to transform a larger set of variables into a smaller set that preserves most of the information in the large set (22). The HAC algorithm is a straightforward clustering technique that treats each data point as an individual cluster and then progressively agglomerates pairs of clusters until all clusters have been merged into a single cluster that contains all data (23).

Thus, this study assessed the status of claw lesions in commercial sow herds in Brazil by using the PCA and HAC approaches. These techniques were employed to identify the most important factors influencing claw health and describe their interactions. Moreover, partial least square (PLS) regression analysis was applied between the claw lesion traits on the classes defined by the cluster analysis.



2 Materials and methods


2.1 Animal care

The assessments were conducted on commercial herds in Brazil. All the procedures were reviewed and approved by the Ethics Commission of the Animal Ethics Committee (CEUA) from the Federal University of Paraná (Setor Palotina) under the Protocol number 16/2013-CEUA/Palotina. The assessments followed the appropriated guidelines of the Comissão Nacional de Bem-Estar Animal (COBEA). Furthermore, the members involved in animal assessment hold degrees in Veterinary Medicine and are experienced in evaluating claw lesion on live animals.



2.2 Herd selection criteria, lesion assessment, and database

A total of 129 swine herds were assessed once by two independent experts for claw lesion severity from 2013 to 2023. After parturition, sows (n = 12,364; ≥10% of the inventory size within each heard, up to a maximum of 100 animals) were randomly selected and scored utilizing a scale from 0 (no lesions) to 3 (severe lesions) for claw lesions in the hind legs (2) by one evaluator. Lesions included HOE, HSC, WL, CHW, CVW, T, and DC. A lesion index (L-Index) was calculated as the sum of the higher scores from each lesion per sow. Figure 1 shows the lesion scoring system used according to lesion type and severity. The following criteria were used to include data from a given herd in the database: herds employing similar management protocols in terms of sow movement, management, and feeding; herds with similar housing conditions during the lactation phase; sows were only included in the assessment if they (1) were not used as foster sows in previous parities, (2) had good health status (e.g., no prolapse, reproductive disorder, or abortion in previous parities), (3) had acceptable body condition score between 2.5 and 3.0 [1.0–5.0 scale; Young et al. (24)].


[image: Figure 1]
FIGURE 1
 Sow claw lesion scoring system. Lesions: Heel overgrowth and erosion (HOE); Heel-sole crack (HSC); White line (WL); Horizontal (CHW) and vertical (CVW) wall cracks; Overgrown toes (T); Dewclaws (DC).


Figure 2 represents an illustrative diagram of the workflow of eligible herd selection for this study. Commercial herds located in nine Brazilian states [Distrito Federal (2), Goiás (23), Minas Gerais (3), Mato Grosso (1), Mato Grosso do Sul (12), Paraná (77), Rio Grande do Sul (10), Santa Catarina (32), São Paulo (8)], Chile (1), and Paraguay (1)] were assessed for claw lesions according to the methodology described above. The initial selection included a total of 26,030 sows evaluated, with an average of 102 ± 0.04 sows evaluated per herd. The average inventory size of herds was 2,275 sows (ranging from 250 to 10,000 sows; mode: 500). After the assessment, relevant herds were critically evaluated in terms of fitness to the objectives of the present multivariate analysis approach. Since one of the main purposes of the present study was to identify patterns of claw lesion responses in Brazilian sow herds, the herds in Chile and the herd in Paraguay were excluded. Furthermore, it was determined that 10 herds had incomplete records on the number of sows assessed. Therefore, incomplete records was used as a second selection criterion, and resulted in the exclusion of an additional 10 herds. Subsequently, a checklist was performed in the selected herds to define their inclusion in the meta-analysis. The main criteria for herd exclusion were: (a) herds rearing undefined genetic lines, which consisted basically of rudimentary lines (n = 10), (b) herds where mixed genetic lines were raised (e.g., PIC and DanBred within the same herd; n = 15), (c) an unbalanced number of parities was assessed (n = 7), (d) breeding herds (n = 2), (e) herds evaluated more than once (n = 5). The final database ended up with 129 herds (n = 12,364 sows) for this study. After performing the screening procedure, the information relative to the proposed model, which is discussed in detail below, and outcome variables (i.e., HOE, HSC, WL, CHW, CVW, T, DC, and L-Index) were tabulated using a database from an electronic data spreadsheet.
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FIGURE 2
 Flow of information through the different phases of the assessment, screening, and eligibility procedure of herds.




2.3 Characterization of the database

Table 1 shows each specific lesion's average, median, mode, and SD within a year. Table 2 shows the number of sows and herds assessed per year according to the factors extracted for analysis, which are explained in detail below.


TABLE 1 Average, median, mode, and standard deviation (SD) of claw lesions collected by the two independent evaluators from 2013 to 2023.a
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TABLE 2 Records of claw lesions collected by the two independent evaluators from 2013 to 2023, the number of herds, sows, and distribution of the recorded population on parity groups, region, months, inventory sizes, breeds, and gestation housing type.a
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Herds were in the Midwest (n = 34), Southeast (n = 7), or South (n = 88) regions of Brazil. Tropical Savanna, Monsoon-influenced Humid Subtropical, and Humid Subtropical climates, respectively, characterize these regions. Inventory sizes ranged from 250 to 10,000 sows (2,907.55 ± 2,352.06). Inventory sizes were further stratified into 250–810, 811–1,300, 1,301–3,000, and 3,001–10,000 sows. Herds belonged to three different production structures, namely Cooperative (Coop; 41), Integrator (50), and Independent Producers (38). The Coop provides the pigs and feed to Coop members at the cost of production. After slaughtering and marketing the pork, profits from the Coop are apportioned back to producers based on the total number of pigs marketed. In the Integrator structure, the largest company (integrator) offers the farmer pigs, feed, and technical assistance and is responsible for slaughtering and commercializing the pigs. The farmer provides facilities, equipment, heating, water, and labor. At slaughter age, pigs are retrieved from farmers by the Integrator. In the Independent structure, the farmer makes their own decisions on pig and feed sourcing, quality assurance, sanitary management, and commercialization. These are usually smaller herds. Management of the herd was conducted either as a closed herd genetic approach, where breeds were maintained from stock on-site (internal), or through purchase of commercially available genetics (external). The latter including purchased sows, boars, or semen through breeders, live auctions, or boar studs. Sows were housed in individual crates (n = 88 herds) or group housing (n = 41 herds) during gestation. The individual housing system was fairly consistent across herds, providing ~2.40 × 0.65 m (length × width, 1.56 m2/head) of space per sow with an individual feeder and drinker in the crate. The individual housing was slightly larger than the size of the sow's body. In this sense, there was only enough room for the sow to stand or lie down in place, with no room for the sow to turn around or move freely. The gestating sows in the group housing systems were housed in pens measuring 10.5 × 14.4 m (5.04 m2/head). Sows in the group house could move freely. All the herds had similar farrowing units equipped with individual farrowing crates. Each crate measured ~1.10 × 2.41 m, with a piglet area of ~1.53 × 0.53 m, which had an accessible creep area, rubber mats, and a heat lamp. Individual bowl feeders and nipple drinkers were located at the front of each sow space.



2.4 Variable definition and encoding

The methodology described by Sauvant et al. (25) and Lovatto et al. (26) was used in the present study for the definition of dependent and independent variables and data encoding. The encodings were used as qualitative and quantitative variables in the analysis with the purpose of considering the herd, inter and intra variability of the compiled data. Specific sequential numbers were used for each herd inserted in the database to encode the herd effect. Within each herd, each sow received sequential numbers for labeling, which characterizes the inter-encoding. This allowed to assign the sow encoding with the specific herd encoding. The intra-encoding, following a similar pattern as described above, was attributed to each factor within sows and herds. The intra encoding was composed by the following: (1) Production structure (Coop, Integrator, Independent); (2) Region (South, Southeast, Midwest); (3) Inventory size (250–810, 811–1,300, 1,301–3,000, and 3,001–10,000 sows); (4) Breed (internal, external); (5) Gestation housing (individual, group); and (6) Parity (1–7). Design criteria included Production structure, Region, Inventory size, Breed, Gestation housing, and parity. The dependent variables extracted for analysis were HOE, HSC, CVW, CHW, WL, T, DC, and L-Index.



2.5 Statistical analysis

Data were analyzed using a multivariate approach whereby relationships between claw lesion variables (HOE, HSC, WL, CHW, CVW, T, and DC) were studied by PCA and HAC. The data were analyzed using SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA) and XLSTAT2017.19.6 (AddinSoft, Paris, France). Data normality was checked based on visual inspection of the raw data histogram and QQ-plots. When variables were not considered normally distributed, categorical variables were encoded as dummy variables, to allow for them to be used as predictors in the PLS approach. For the Cluster analysis, the dissimilarity and similarity measures were tailored to categorial data, which does not require for any type of data transformation.

The main objective of the present study was to implement PLS based on clustering methods; thus, herds were first categorized in accordance with their individual claw lesion scores. The claw lesion scores were averaged per herd prior to any clustering analysis and subsequently used for clustering using HAC. To achieve this, the PROC CLUSTER procedure of SAS was used. This analysis is a task of exploratory data mining, and our main objective was grouping (clustering) the data set in such a way that the herds in the same group (cluster) were more similar to each other than to those in other groups (clusters). First, the function builds a hierarchical tree; then, the sum of the within-cluster inertia is calculated for each partition. Thereby, the suggested partition is the one with the higher relative loss of inertia. The herds were grouped according to similarity in three clusters, i.e., C1, C2, and C3. The three clusters were projected on the graph defined by the principal components (PC1 and PC2; Figure 3). The number of clusters was supported by practical and biological interpretation.
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FIGURE 3
 Biplot of variables (A) and herds (B) used in the meta-analysis of sows represented for the first (Dim1) and second dimensions (Dim2). Each herd is represented by symbols, and their shapes indicate to which cluster they belong (Cluster 1 = green circles; Cluster 2 = purple squares; Cluster 3 = brown triangles). The cluster centroid is represented by a bigger symbol with the same shape as the herds in the same cluster.


PLS regression (27) was used to examine claw lesion data on the three clusters defined by the HAC. In this stage, the number of components is automatically determined using the Q2 statistic, assessing the significance of a new PLS component in predicting the entire Y set. PLS projects the predictive and observed variables into a new space by finding pairs of weight vectors that maximize the covariance between the two projections. By examining this new space, the underlying relationship between clusters and claw lesions can be explored (28). Subsequently, confidence intervals for PLS regression coefficients (bkj) are calculated through jackknife. The contribution of each factor to the model in terms of the variance explained was indicated by the variable importance in projection (VIP) and the standardized regression coefficients were estimated as well to confirm the selection of the variables. In this sense, a VIP ≥ 1 was assumed as a selection threshold. To achieve this, the PROC PLS procedure of SAS was used.




3 Results and discussion

Scoring claw lesions is a labor- and time-intensive process, and clinical lameness is only visually apparent when a significant claw lesion has occurred. Despite the recent development of novel technologies to detect claw lesions (i.e., acoustic analysis, infrared thermography, sensors), these are still in the infancy stages of development and may be cost-prohibitive (18, 29, 30). Therefore, many producers, veterinarians, and extension experts still rely on visual, on-farm claw assessment. Since visual assessment is subjective, supportive strategies must be adopted to handle and analyze data coming from claw quality scoring, particularly as the number of animals/herds evaluated increases. The integration of HCA, PCA, and PLS methods in this study offers a valuable tool for the swine industry, enabling the identification and exploration of significant variables within vast and interconnected production datasets. Additionally, clustering techniques prove beneficial for decision-making in an industry constrained by the limitations of daily monitoring of numerous datasets.


3.1 Phenotypic correlations

Table 1 shows the average, median, and mode values for each lesion per evaluation year. Heel overgrowth and erosion average score was 1.05 ± 0.38, ranging from 0 to 3, with mode 1. Heel-sole crack average score was 0.16 ± 0.15, ranging from 0 to 3, with mode 0. White line average score was 1.18 ± 0.57, ranging from 0 to 3, with mode 1. Horizontal wall cracks average score was 0.73 ± 0.45, ranging from 0 to 3, with mode 0. Vertical wall cracks average score was 0.32 ± 0.22, ranging from 0 to 3, with mode 0. Overgrown toes average score was 0.33 ± 0.37, ranging from 0 to 3, with mode 0. Dewclaws average score was 0.55 ± 0.47, ranging from 0 to 3, with mode 0. It is important to highlight that herds were assessed at different time points throughout the year since this was a long-term evaluation project. Since the month of evaluation did not have an effect on the severity of any of the claw lesions (Figure 4), it was not included in the model.
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FIGURE 4
 Monthly variation in claw lesion [heel overgrowth and erosion (HOE), heel-sole crack (HSC), white line (WL), horizontal (CHW) and vertical (CVW) wall cracks, overgrown toes (T), and dewclaws (DC)] score. Values are average ± SEM.


Table 2 summarizes the number of sows and herds assessed per year stratified according to the factors examined (i.e., production structure, parity, inventory size, etc.). The number of assessments per factor was reasonably consistent throughout the years, except for breed and gestation housing types. Parity was equalized as much as possible within sample time, ranging from 1 to 7 in all of the sample times. The number of sows and farms (in parenthesis) assessed for internal and external breeds was 2,430 (29) and 9,934 (100), respectively, and 8,571 (96) and 3,793 (33) for individual and group gestation housing, respectively. These are expected, as the breeding herd component may represent ~20% of the total feed produced and can be cost-prohibitive for many production systems (31). In this sense, purchasing the breeding stock from external sources is generally more advantageous. Recently, Klein et al. (32) reported that gilt replacement protocol may impact sow farms' claw lesions. Regarding gestation group housing, the Brazilian Ministry of Agriculture, Livestock and Food Supply recently released the first pig welfare legislation (Normative Instruction # 211, February 1, 2021), which establishes that group housing during gestation is mandatory and sows should not be kept in individual crates for more than 35 days of gestation. This is also consistent with findings from the present study, with an increase in the percentage of herds using group housing in 2022 (52% of herds evaluated) and 2023 (71% of herds evaluated) compared to the previous year (1% of herds evaluated; 2013–2021).

Heel overgrowth and erosion had the highest prevalence throughout the years, followed by WL and CHW. This is consistent with multiple reports in the literature showing that the most frequently observed claw lesions in sows are HOE, WL, and CHW (6, 9). Furthermore, the lowest scores were observed for T, DC, and CVW, which is similar to the findings from Henningsen (33) in a retrospective study on U.S. sow farms. The authors observed that toe abnormalities were not as severe as previously believed and that histopathology did not indicate a direct relationship between these abnormalities and weight-bearing. This was due to the fact that similar lesions were present in both the lateral toes and lateral dew claws.

Interestingly, L-Index had a progressive decrease from 2013 to 2023 (Table 1). This finding may be due to a combination of factors. First, it is important to consider that claw size and hoof growth have gained traction as selection criteria due to their important genetic background, directly impacting sow culling (4). Secondly, despite being speculative, improvements in housing (flooring) conditions have certainly been made throughout the years, reducing the predisposition of sows to claw lesions (34). Also, refinements in feeding practices during the past 10 years may have been allowed for a better support of claw health in these herds. For example, nutrient requirements for gestating and lactating sows were solely based on growth and reproductive performance for many years, and advancements in mineral and vitamin nutrition have shown that they play a pivotal role in maintaining optimum foot health in sows (35, 36). The herds were grouped in three clusters, i.e., C1, C2, and C3. From the multivariate perspective, the spatial distribution of each observation related to the first and second principal components and variable axis are presented as a biplot in Figures 3A, B, representing a condensed summary of the database structure. These two components represented a cumulative inertia of 71.98%. Figure 3A also shows that HOE, CHW, and CVW contributed most to the first component, with coordinates of 0.86, 0.81, and 0.75, respectively, while WL, DC, and T contributed most to the second component, with coordinates of 0.86, −0.62, and −0.55, respectively. It is also possible to compare clusters regarding claw lesion variables by observing their centroid position in these 2 dimensions. Hence, it is possible to conclude that C3, compared to the other clusters, is represented by herds with lower scores for all the lesions except for DC. It is also possible to evaluate variable relationships since the angle between their axes reveals how they relate. The smaller the angle between the 2 variables, the more positively correlated they are, which may be concluded from the relation between T and DC, and HOE and CHW. Indeed, HOE is one of the most prominent lesions affecting the outer claw of the hind leg due to weight-bearing biomechanics (9, 37). The softer heel horn, comprising fewer tubules, bears most of the weight (38), unlike other cloven-hoofed animals where the sole is predominant. Since the occurrence of HOE is highly associated with flooring surface abrasiveness (39, 40), it is common to observe its cooccurrence with wall cracks (9), which is in line with our findings. Moreover, and on the contrary, variables with opposite directions are negatively correlated, which means that for this database, the higher the WL score for a given sow is, the lower the score for T and DC may be. This also makes biological sense, as T and DC are lesions particularly observed in older sows (10), while WL is generally present earlier and leads to sow culling in many situations (41–43).



3.2 Multivariate approach

In a univariate approach, C3 herds were characterized by having lower scores for all the lesions compared to C1 and 2, except for DC, which were basically the same across clusters (Table 3). Specifically, HOE, HSC, WL, CHW, CVW, and T were decreased by 17, 25, 11, 25, 21, and 17%, respectively, in C3 compared to C1 and 2 combined. In comparing C1 and C2, they had similar scores for individual lesions. The L-Index was greater in C2 compared to C1, which indicates that overall claw quality was further deteriorated in C2 herds despite C1 being affected by multiple lesions.


TABLE 3 Descriptive statistics of claw lesion traits assessed in different sow herds used in the multivariate approach split by cluster groupsa.
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Table 4 shows the characterization of the herds according to cluster group. There was an increased proportion of herds and sows belonging to C1 (56% of herds) compared to C2 (26% of herds) and C3 (18%). This remarkable finding shows that most sows may be at risk in terms of claw quality, and sows may indeed be suffering from multiple lesions. Regarding production, the three clusters followed the same trend, with a higher proportion of herds in Coop and Integrator structures than in Independent. This exemplifies a transition seen in the Brazilian swine industry, with more producers shifting to Integrator or Coop structures. This is mainly driven by price and market, which are absorbed by Integrators and diluted in Coop environments. Most herds from C1 and C2 were present in the South region, followed by the Midwest, with only a few located in the Southeast. On the other hand, C3 had almost the same number of herds located in the South and Midwest, with a few herds in the Southeast. The South and Midwest regions represent the main pork production regions in Brazil, geographically positioned closer to grains, grow/finishing facilities, and packing plants. C1 herds were homogeneously distributed across inventory sizes. C2 had the majority of herds with inventories ranging from 810 to 1,300 and no herds with more than 3,000 sows. C3 was basically characterized by a lower percentage of herds with inventory sizes of 250–810 sows. Breed type did not differ among clusters, with a higher proportion of external than internal breeds. The proportion of herds with group gestation housing increased progressively from C1 through C3.


TABLE 4 Characterization of cluster groups according to the factors examined.
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The selection of variables in PLS regression models depends on defined thresholds, such as VIP, which was chosen in the present study (44). However, these thresholds are not strict limitations, and variables near them should also be considered (45), especially given the multifactorial nature of claw quality (8, 17, 46). Variable selection was conducted separately for each cluster to enhance generalization to other herds, favoring a more generalized approach (Figure 5). The L-Index within each cluster was used as the response variable to employ the PLS regression. This was done to investigate whether the factors leading to overall claw quality deterioration would differ between clusters.


[image: Figure 5]
FIGURE 5
 Partial least square (PLS) coefficients and variable importance in projection (VIP) for lesion index of claw lesion clusters (C1 = Cluster 1, C2 = Cluster 2, C3 = Cluster 3). For the regression coefficients charts, the bars indicate 95% confidence intervals based on jackknifing. Moreover, black bars represent factors with VIP equal to or above 1. Factors: Parity (1–7); Production structure (Coop, Integrator, and Independent); Region (South, Southeast, and Midwest); Inventory size (250–810, 810–1,300, 1,300–3,000, and 3,000–10,000 sows); Breed (internal, external); Gestation housing type (group, individual).


The L-Index increased with increasing parity (VIP = 1.291, regression coefficient = 0.052), which was expected from the aging effect on claw quality previously discussed (Figure 5). However, this was observed in C1 only. This suggests that parity increase does not always lead to deterioration in claw quality and confirms the multifactorial scenario by which claw lesions are influenced. Independent production structure increased the L-Index in all three clusters (C1: VIP = 1.154, regression coefficient = 0.046; C2 = VIP = 2.056, regression coefficient = 0.116; C3: VIP = 1.140, regression coefficient = 0.060). This was concomitant with Coop and Integrator production structures, reducing the L-Index in C2 (VIP = 1.544, regression coefficient = −0.087) and 3 (VIP = 1.406, regression coefficient = −0.074), respectively. Better claw quality in Integrator/Coop structures compared to Independent may be explained by a higher standardization of processes, including genetic material, nutrition, technical expertise, and facilities. The Southeast and South regions had increased L-Index in C1 (VIP = 1.046, regression coefficient = 0.042) and 2 (VIP = 1.181, regression coefficient = 0.062), respectively, while the Midwest region had decreased L-Index in C2 (VIP = 1.189, regression coefficient = −0.048) and C3 (VIP = 1.453, regression coefficient = −0.076). It is important to highlight the higher proportion of herds in the Midwest in C3 (45%) compared to C1 and C2 (around 21%). This may also be explained by a recent trend in Brazilian herds, with the South directing more pork to exports and the Midwest raising a new, technified, integrated source of pork to meet internal demands.

Individual housing increased the L-Index regardless of cluster (C1: 1.694, regression coefficient = 0.068; C2: VIP = 1.567, regression coefficient = 0.088; C3: VIP = 1.206, regression coefficient = 0.063). This goes against findings from Anil (2), who conducted claw lesions scoring in 184 sows in farrowing stalls on day 110 of gestation, associating them with gestation housing system (individual vs. group), using logistic regression models. The authors reported that the prevalence of claw lesions among gestating sows was significantly higher in group pens with electronic sow feeding (ESF) compared to stalls, except for toe lesions. The majority of sows with various types of claw lesions, including wall, heel, white line, heel-sole junction, sole, and overgrown heels, were housed in group pens during gestation, ranging from 57.8 to 75.4%. This increased occurrence of claw lesions in sows housed in group pens with ESF systems could be attributed to fighting and aggressive behavior during mixing and feeding times. The elevated mobility afforded by the ESF system may have contributed to this discrepancy compared to sows housed in stalls.




4 Conclusions

In the present multivariate approach, differences in claw lesions and their correlations among six types of claw lesions in sows housed under commercial conditions in Brazil from 2013 to 2023 were examined. The most prevalent lesions were HOE, WL, and CHW. Clustering techniques revealed that some herds were affected by multiple lesions, including HSC, WL, CHW, CVW, and T. The study also highlighted the influence of gestation housing, parity, and production factors on sow claw health. Sows in group gestation housing had a lower L-Index compared to those in individual housing, which merits further validation, as Brazil has only recently transitioned from individual housing practices. Moreover, independent production structures increased the L-Index, indicating poorer overall claw quality. Parity increase led to claw quality deterioration in a specific group of farms (C1), suggesting that claw lesions are influenced by a multifactorial scenario.
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OPS/images/fvets-11-1400630-t001.jpg
Year 2013 2014 2015 201 20 2021 2022 2023
Heel overgrowth and erosion

Average 1.61 137 113 119 0.96 045 1.00 0.84 1.09 0.85 0.84
Median 2 2 1 1 1 0 1 1 1 1 1
Mode 2 2 1 1 1 0 1 0 2 | 0
SD 0.82 0.81 0.77 0.84 0.85 0.74 0.74 0.88 0.90 0.82 0.83
Heel-sole crack

Average 027 0.10 0.15 027 0.40 0.14 0.09 0.14 0.17 0.13 0.05
Median 0 0 0 0 0 0 0 0 0 0 0
Mode 0 0 0 0 0 0 0 0 0 0 0
SD 0.67 043 0.57 073 0.81 0.55 0.45 0.54 0.63 0.53 032
White line

Average | 099 055 1.04 116 114 073 131 122 1.58 1.50 092
Median 0 0 0 0 0 0 1 1 2 1 0
Mode 0 0 0 0 0 0 0 0 3 3 0
SD 115 0.94 119 1.28 1.28 112 1.30 1.30 139 118 1.08
Horizontal wall crack

Average 1.08 0.75 119 1.09 0.81 0.36 1.08 1.03 093 0.44 033
Median 1 1 1 1 1 0 1 1 1 0 0
Mode 1 1 1 1 1 0 1 1 1 0 0
SD 079 075 0.70 075 0.79 0.85 0.88 0.80 085 0.82 073
Vertical wall crack

Average | 049 047 0.43 043 0.32 0.17 041 0.24 026 021 0.19
Median 0 0 0 0 0 0 0 0 0 0 0
Mode 0 0 0 0 0 0 0 0 0 0 0
SD 0.85 081 0.82 0.84 0.75 056 0.87 0.69 073 057 054
Overgrown toes

Average 1.01 0.68 0.48 043 0.41 026 022 0.17 0.13 0.10 0.06
Median 1 1 0 0 0 0 0 0 0 0 0
Mode 1 1 0 0 0 0 0 0 0 0 0
SD 0.61 0.66 0.60 073 071 057 0.54 050 041 0.39 029
Dewclaws

Average 120 1.01 039 0.64 0.83 0.92 0.90 0.80 033 034 0.19
Median 1 1 0 0 1 1 1 0 0 0 0
Mode 2 0 0 0 0 0 0 0 0 0 0
SD 0.87 091 0.71 0.85 0.85 0.88 0.94 091 0.63 0.68 0.52
Lesion index

Average 6.66 4.92 4.81 522 4.87 3.03 5.01 4.45 449 3.57 258
Median 6 5 4 5 5 2 5 4 4 3 2
Mode 6 4 3 4 6 0 3 4 3 3 2
SD 325 3.05 275 283 322 291 283 288 278 243 2.10

“Within cach farm, one randomly selected group of sows was scored by the same evaluator from 0 (none) to 3 (severe) for heel overgrowth and erosion (HOE), heel-sole crack (HSC), separation
along the white line (WL), horizontal (CHW) and vertical (CVW) wall cracks, and overgrown toes (T), or dewclaws (DC) in the hind legs after parturition.
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Item Clusterl Cluster 2 Cluster 3

Number of herds and (sows) 72 (6,886) 33 (3,002) 24 (2,476)

Sows by production structure

Coop 2,203 (32%) | 1,176 (39%) 861 (35%)
Integrator 2,672 (39%) 1,004 (33%) 895 (36%)
Independent 1,991 (29%) 822 (28%) 720 (29%)

Sows by region

South 4,833 (70%) | 2,203 (73%) | 1,290 (52%)
Southeast 219 (3%) 186 (6%) 68 (3%)
Midwest 1,834 (27%) | 613 (21%) 1,118 (45%)

Sows by inventory sizes

250 to 810 sows 1,535 (22%) 498 (17%) 274 (11%)

810 to 1,300 sows 2,061 (30%) | 1,646 (55%) 559 (23%)

1,300 to 3,000 sows 1,453 (21%) 858 (29%) 920 (37%)

3,000 to 10,000 sows 1,837 (27%) 0 (0%) 723 (29%)

Sows by breed type

Internal 1,257 (18%) 693 (23%) 480 (19%)

External 5,629 (82%) | 2,309 (77%) 1,996 (81%)

Sows by gestation housing type

Individual 4,995 (73%) | 1,922 (64%) | 1450 (59%)

Group 1,891 (27%) 1,080 (36%) 1,026 (41%)
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Ye: 2013 2014 201 17 2018 20 2022 2023
Sow herds assessed, 1 16 7 12 20 3 3 3 7 5 29 24
Sows assessed, 1,558 856 1,09 1,732 298 306 306 734 436 2,627 2415

Sows and (herds) assessed by production structure®

Coop 396 (4) 505 (4) 99 (1) 575 (5) 0(0) 205 (2) 0(0) 321(3) | 183(2) | 1.479(18) 497 (6)
Integrator 43 (1) 0(0) 372(5) 1,055 (14) | 199(2) | 101(1) | 100(1) | 105 (1) 0(0) 829 (8) 1,767 (16)
Independent 1,119 (11) 351 (3) 625 (6) 102 (1) 99 (1) 0(0) 206 (2) 308 (3) 253 (3) 319 (3) 151 (2)

Sows assessed by parity

Parity 1 343 204 359 536 48 80 129 214 260 673 488
Parity 2 271 139 176 428 58 75 44 97 27 488 422
Parity 3 319 105 165 228 66 98 56 96 37 459 399
Parity 4 176 100 113 157 44 13 22 93 30 380 338
Parity 5 152 81 86 131 31 30 21 73 30 199 283
Parity 6 87 75 68 102 22 2 10 88 14 180 215
Parity 7 210 152 129 150 29 8 24 73 38 248 270

Sows and (herds) assessed by region®

South 1,345(11) | 505(3) 523(7) 1,527(12) | 298(3) | 306(3) | 206(2) | 734(0) | 436(0) | 1,798(21) 648 (8)
Southeast 213 (4) 158 (2) 0(0) 102 (1) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Midwest 0(0) 193 (2) 573 (5) 103 (1) 0(0) 0(0) 100 (1) 0(0) 0(0) 829 (8) 1,767 (16)

Sows and (herds) assessed by inventory sizes

250 to 810 sows 273(5) 58 (1) 300 (4) 811(12) 0(0) 0(0) | 118(1) | 104(1) | 56(1) 413(8) 174(3)
810 to 1,300 sows 848 (6) 0(0) 188 (2) 303 (3) 1902) | 0(0) | 188(2) | 206(2) | 275(3) | 967(9) 1,101 (1)
1,300 to 3,000 sows 138 (2) 293 (3) 305 (3) 101 (1) 108 (1) 204 (2) 0(0) 207 (2) 105 (1) 630 (6) 1,140 (10)
3,000 to 10,000 sows 299 (3) 505 (4) 303 (3) 517 (4) 0(0) 102 (1) 0(0) 217 (2) 0(0) 617 (6) 0(0)
Sows and (herds) assessed by breed typed

Internal 0(0) 0(0) 320 (4) 954 (13) 0(0) 0(0) | 100(1) | 105(1) | 156(2) 104 (1) 691 (7)
External 1,558 (16) | 856 (7) | 776(8) 778(7) | 298(3) | 306(3) | 206(2) | 629(6) | 280(3) | 2523(28) | 1,724(17)

Sows and (herds) assessed by gestation housing type®

Individual 1,558 (16) | 663(6) | 1,096(12) | 1732(20) | 298(3) | 306(3) = 206(2) | 522(6) | 436(7) | 1,185(14) | 569(7)

Group 0(0) 193 (1) 0(0) 0(0) 0(0) 0(0) 100(1) | 112(1) 0(0) 1,442(15) | 1,846 (17)

*For production structure, parity, region, inventory sizes, breed and housing type, values are number of sows assessed and values between parenthesis are number of farms assessed.

bHerds belonged to three different production structures, namely Coop (41), Integrator (50), and Independent (38). The Coop provides the pigs and feed to Coop members at the cost of
production. Profits from the Coop after slaughtering and marketing the pork apportioned back to producers based upon the total number of pigs marketed. In the Integrator structure, the
largest company (integrator) offers pigs, feed, and technical assistance to the farmer, and is responsible for slaughtering and commercialization of pork. The farmer provides facilities, equipment,
heating, water, and labor (generally family labor). At slaughter age, pigs are retrieved from farmers by the Integrator. In the Independent structure, the farmer make their own decisions on pig
and feed sourcing, quality assurance, sanitary management, and commercialization. These are usually smaller herds.

Herds were in the Midwest (n = 34), Southeast (n = 7), or South (n = 88) regions of Brazil. Tropical Savanna, Monsoon-influenced Humid Subtropical, and Humid Subtropical climates,
respectively, characterize these regions.

4Management of the herd was conducted cither as a closed herd genetic approach, where breeds were manintained from stock on-site (internal), or through purchase of commercially available
genetics (external). The latter including purchased sows, boars, or semen through breeders, live auctions, or boar studs.

¢Herds adopted cither individual crates (n = 88 herds) or group housing (n = 41 herds) during gestation. The individual housing system was fairly consistent across herds, providing ~2.40 x
0.65m (length x width, 1.56 m?/head) with an individual feeder and drinker. The individual housing was slightly larger than the size of the sow’s body. In this sense, there was only enough
room for the sow to stand or lie down in place, with no room for the sow to turn around or move freely. The gestating sows of the herds adopting group housing system were housed in rooms
with approximate measures of 10.5 x 14.4m (5.04 m*/head). Sows in the group house could move freely. All the herds had similar farrowing units equipped with individual farrowing crates.
Each crate measured ~1.10 x 2.41 m, with a piglet area of ~1.53 x 0.53m, which had an accessible creep area, rubber mats, and a heat lamp. Individual bowl feeders and nipple drinkers were
located at the front of each sow space.
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Iltem Cluster 1 Cluster 2 Cluster 3

HOE 1.09 % 0.05 1.07 £ 0.07 0.90 % 0.06
HSC 0.17 £0.02 0.15 % 0.03 0.12 £ 0.02
WL 1.22 £0.07 1.16 £ 0.10 1.06 £0.11
CHW 0.76 +0.05 0.77 £ 0.09 0.58 +0.08
CVwW 0.34 +£0.05 0.3240.09 0.26 +0.08
T 0.32 +0.04 0.37 +0.07 0.29 +0.07
DC 0.54 +0.06 0.55 4 0.08 0.56 +0.09
L-Index 4.07 £0.17 5.03£0.31 4.01+0.38

“HOE, heel overgrowth and erosion; HSC, heel-sole crack; WL, white line; CHW, horizontal
wall crack; CVW, vertical wall crack; T, overgrown toes; DC, dew claws; L-Index, Lesion index.
YData are expressed as average score within cluster £ SEM.
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