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Lameness is a serious concern in the dairy sector, reflecting its high incidence and impact on animal welfare and productivity. Research has provided figures on its frequency using different methodologies, making it difficult to compare results and hindering farm-level decision-making. The study's objectives were to determine the frequency levels of lameness in British dairy cattle through a meta-analysis approach, and to understand the chronological patterns of how lameness cases are detected and classified in scientific research. A systematic review was conducted using PRISMA-P guidelines for article selection. Random-effects models estimated the pooled frequency measure of lameness with heterogeneity managed through subgroup analysis and meta-regression. Sixty-eight papers were identified, 50 included prevalence and 36 incidence data. The pooled prevalence of lameness in British dairy cattle was estimated at 29.5% (95% CI 26.7–32.4%) whilst all-cause lameness incidence rate indicated 30.9 cases of lameness per 100 cow-years (95% CI 24.5–37.9). The pooled cause-specific lameness incidence rate per 100 cow-years was 66.1 (95% CI 24.1–128.8) for white line disease, 53.2 (95% CI 20.5–101.2) for sole ulcer, 53.6 (95% CI 19.2–105.34) for digital dermatitis, with 51.9 (95% CI 9.3–129.2) attributable to other lameness-related lesions. Heterogeneity levels remained high. Sixty-nine papers contributed to a chronological overview of lameness data source. Although the AHDB Dairy mobility scoring system (MSS) was launched in the UK in 2008 and adopted shortly after by the British Dairy sector as the standard tool for assessing lameness, other methods are used depending on the investigator. Automated lameness detection systems may offer a solution for the subjective nature of MSSs, yet it was utilized in one study only. Despite the recognition of under-reporting of lameness from farm records 22 (31.9%) studies used this data source. The diversity of lameness data collection methods and sources was a key finding. It limits the understanding of lameness burden and the refinement of policy making for lameness. Standardizing case definition and research methods would improve knowledge of and ability to manage lameness. Regardless of the measurement method lameness in British dairy cattle is high.
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INTRODUCTION

Livestock production has changed quite substantially over the last century, in response to supply issues with regards to technological development, and socio-demographic changes with increasing numbers of people and their wealth leading to greater demand for animal products. Extensive subsistence systems have given way to intensive commercial structures (1, 2), which has led to a change in the production environment and consequently to the upsurge and/or increase of the incidence of production diseases, resulting in reduced animal welfare (3–5). The increasing global consciousness regarding animal and food production, and the scientific body of evidence pressures political leaders to debate and legislate animal production toward more environmentally sustainable and higher-welfare standard systems (6).

Lameness is currently one of the main health concerns facing the livestock sector, particularly in the dairy cattle industry. According to the Agriculture and Horticulture Development Board (AHDB) Dairy (formerly known as DairyCo), a UK non-departmental public body funded by farmers and organizations in the food supply chain, it encompasses any foot or leg condition of infectious or non-infectious (environmental and/or farm management factors) etiology leading to abnormal locomotion (7). It has serious implications in terms of animal welfare (8–12) and significant impact in production as a result of reduced milk yield, reproductive performance and weight gain, and increased involuntary culling (13–17). Adding expenditure for the treatment of affected animals to production losses, Willshire and Bell (18) estimated that clinical lameness costs the typical UK dairy herd (defined as 112 Holstein-Friesian cows fed a partial mixed ration, with an average yearly milk yield of 6,885 liters/cow and an average calving index of 410 days) £7,499.30 per year, which translates into 0.97 pence per liter. Previously, Kossaibati and Esslemont (19) estimated the costs of lameness in a British 100-cow herd at £1,715 per year. Bennett and IJpelaar (20) estimated the costs of endemic livestock diseases in the UK, while also providing a score of the welfare impact of those conditions in the animal population. In this exercise lameness cost the UK cattle livestock sector 53.5 million sterling pounds—second to mastitis, the most costly disease—and ranked first in the welfare impact evaluation (20). Additionally the impact of lameness in a cow's mobility and behavior can discourage the adoption of technologies developed for improving the business efficiency such as the Automatic Milking Systems (AMS), which rely on the voluntary attendance of the cow to the milking robot (21, 22). Moreover, being associated with increased lying behavior it is probable that lameness augments the risk of mastitis—the most costly aliment in dairy cattle among production diseases (23).

There is, however inconsistent data on lameness, be it in terms of availability or accessibility (24). This is particularly important when estimating or calculating the frequency of disease; a key parameter for animal health economic analyses. The reliability of the estimates is closely associated with the quality of data available. Farm records are commonly used as source of data for calculating disease frequency, yet studies consistently conclude that lameness in cows is under-reported by farmers (25–27). Whay et al. (28) reported that farmers would underestimate lameness prevalence by 17% when compared with the observations from an independent and trained assessor. Leach et al. (29) reported this difference to be close to 30%, with the mean farmer-reported lameness prevalence at around 7%. Scoring systems with ordinal scales based on animal's posture and walking pattern were developed to aid the detection of lameness. However, the subjectivity inherent in assigning scores and the diversity of scoring instruments used contributes to inconsistencies (30–33). The lack of a standard definition for lameness predisposes misclassification errors (26, 34–36); and the diversity of study designs, and data collection and analysis methodology used in research hampers our ability to compare results across different studies, making it difficult for people involved in the milk value chain to make informed decisions (2, 37). Without a standard method of assessment lameness frequency levels it is hard to understand the trends of the health condition through time and its burden, and to assess the effectiveness of the measures for managing it.

The objectives of this study were to:

• Conduct a meta-analysis to estimate the pooled prevalence and incidence rate of lameness in British dairy cattle since 1823.

• Chronologically analyze the use of different lameness detection and classification methods used in British dairy cattle lameness research, to investigate temporal trends and determine whether specific methods have been used consistently.



MATERIALS AND METHODS

A systematic review to identify papers reporting frequency of lameness in British dairy cattle was conducted in six electronic scientific literature databases—Agricola, Cab Direct, Cochrane Library, PubMed, Scopus, and Web of Science (all databases) on the 4th of January 2020. The systematic review protocol was developed based on the Cochrane guidelines (38), and the PRISMA-P (Preferred Reporting Items for Systematic reviews and Meta-Analyses) statement (39), with specific modifications for a systematic review reporting measures of disease frequency, as recommended by the Joanna Briggs Institute (40). The search was limited to peer reviewed articles, published since 1823 in English. The population search terms were (dairy AND cattle) AND (UK OR Britain OR British OR kingdom). The outcome search terms were (lameness AND (prevalence OR incidence). The following code was used for all six databases considered: (dairy AND (cattle OR cow*) AND (UK OR British OR Britain OR kingdom) AND (lame* OR locomotion) AND (incidence OR prevalence). The search through Scopus was limited to abstract, title and keywords. A synthesis of the diagnostic protocols used was also conducted, with the objective of identifying temporal patterns in the use of different methodologies and to determine if any diagnostic protocol has been used consistently over time.

EndNote X9 (Thompson Reuters) bibliographic software was used to manage citations. Duplicate entries were identified, using the automatic function in EndNote and manually during the screening process, by considering the author, the year of publication, the article title, and the volume, issue, and page numbers of the source. In questionable cases, the abstracts or full texts were compared. Conference papers reporting studies that were subsequently published in journals were considered duplicates.


Eligibility Criteria

The systematic review and article selection for the meta-analysis followed the PRISMA guidelines (39) according to the diagram in Figure 1.
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FIGURE 1. Flow diagram of studies identified by the systematic review and their selection process and inclusion for the meta-analysis on lameness frequency levels in British dairy cattle (*short communications, letters, self-assessments, and review articles were excluded, **if lameness frequency levels were reported but no information on population at risk/denominator was provided/retrievable the paper was excluded).


Titles and abstracts from the records identified in the search were screened for eligibility based on the population, intervention or exposure, comparator group, outcome, study design (PICOS) approach using the following criteria: (i) Population: British dairy cattle; (ii) Outcome: lameness prevalence and/or incidence, lameness causing foot lesions; and (iii) Study design: Randomized controlled trials, cohort studies, case-control studies, cross-sectional studies, case reports and outbreak investigations were all eligible for inclusion if they reported number of dairy cows that were lame (numerator) and the study population (denominator), or if the same could be calculated. Only studies published in peer-reviewed journals were included, with no date restriction. Language of publication was restricted to English. Papers that reported data from previous publications were excluded as to have only one entry per data collection exercise.

If the study met all the inclusion criteria but didn't provide data on the number of lame cows and/or study population the corresponding author was contacted via email in an effort to retrieve the missing information and for clarification. If the corresponding author was not available, one of the co-authors was contacted. If the author(s) did not reply or could not provide the information requested the paper was excluded from the meta-analysis.

In addition to the references identified through the systematic review, five other papers were identified (41–45) following a backward search (also known as chain search) on the papers admitted for full-text screening, and added to the database (Figure 1). The backward search involves identifying references cited in an article that may be relevant for the study in question (46).

For the chronological analysis of the use of different lameness detection and classification methods, all studies that underwent full-text screening were considered. Papers with information on the lameness data source were included, regardless of them meeting inclusion criteria regarding lameness data availability. Papers that reported the same original research were considered duplicates and were removed (Figure 1). The usage of lameness detection and classification methods through time was analyzed by means of a histogram.



Data Extraction

Data extraction was performed by one reviewer (JSA) and checked for accuracy by MB. Any ambiguities were discussed and consensus reached. The data extracted from the records were based on the recommendations of PRISMA-P (47) and included: (i) study characteristics (authors, year of publication, year or years of data collection, study type—experimental or observational, study design, sample size, sampling strategy); (ii) population data (breed, production system, milking system, grazing regime, housing system, study unit); (iii) outcome data (lameness classification method, lameness assessment frequency, lameness assessment observer, measure of disease frequency); and (iv) numerator and denominator data (number of lame cows, total number of cows in the study population, number of lameness events, population at risk, study duration). The PRISMA-P checklist can be consulted in the Supplementary Material section.



Database Management and Parameters

Microsoft Excel (48) was used to create a database with the data extracted from the papers. Most variables contained a substantial number of categories, or range in values. This would result in a high number of strata with small number of papers when conducting the analysis, at the expense of statistical power. In order to solve this problem new binary variables were created based on the values extracted from the papers (Supplementary Table 2). Papers reported lameness for different study units depending on their study population: heifers, cows, lactations and culled cows. Papers reporting lameness per lactation were included in the category “cow,” assuming that each lactation represents a dairy cow. Sample size was used to create a new binary variable, and to explore the potential effect of smaller sample sizes on lameness estimates. The cut-off for animal sample size was based on the median of the animal sample size for the identified studies. The median was 1,237, the cut-off was defined at 1,230. The choice of the farm number was based on the median of the farm sample size for the identified studies. The median was 4, and the farm sample size cut-off was defined as 5. Given the increasing awareness to the lameness issue through time the years of the start of data collection was used to create five different variables. Different cut-offs were defined: 1995, 2000, 2005, 2008, and 2010. The last 2 years reflect the adoption of the AHDB Dairy mobility scoring system as the dairy industry standard and the implementation of the AHDB Dairy Healthy Feet program, respectively (49). The variables were named Start of data collection (year) as to indicate that the cut-off refers to the year data collection was initiated. The five variables were numbered from 1 to 5 with respect to the chronology of the cut-off: 1 would stand for the year 1995 as the cut-off and 5 for the year 2010.

As the incidence rate of lameness was reported in different time units, the incidence data were extracted and standardized for 100 animal-years. To explore the underlying causes of lameness the following grouping of lesions was defined, based on Griffiths et al. (50):

• White Line Diseases (WLD) and Abscess → White Line Disease.

• Sole Ulcer and Sole Hemorrhage/ Bruising → Sole Lesions.

• Bovine Digital Dermatitis and Interdigital Phlegmon/Foul-in-the-foot/Footrot → Infectious-nature lameness.

• All other lesions → Other.

The identified papers reported lameness based on three distinct study units—cow, heifer and culled cow. Due to the inherent differences of dairy cows in various life stages, and to the fact that reporting disease frequency according to culling reason does not necessarily reflect the herd's disease incidence or prevalence, a pooled-estimate was not considered to be appropriate. Therefore, papers were grouped according to the moment of the production cycle at which lameness frequency was reported, and a meta-analysis conducted on these sub-sets of data.



Methodological Quality Assessment (Risk of Bias)

As advocated by the Cochrane the quality assessment of the studies included in the meta-analysis was focused on the methodological aspects, hence risk of bias (51). The lameness frequency levels reported in the papers included for the meta-analysis were assessed as to their potential risk of bias. This exercise followed the QUADAS2 approach (52) and an adapted tool (see Risk Bias Assessment in Supplementary Material) was used to evaluate the potential risk of bias of a set of components and its applicability. The tool was piloted by two researchers (JSA and an invited researcher—BG—who was not otherwise involved in the study) on two randomly selected papers. If there was no agreement between the two researchers when assessing the papers, the tool was revised and re-piloted on two other randomly selected papers. A paper was considered to have a low overall risk of bias if the risk of bias and applicability concerns were low.



Analysis

The primary outcome measure was incidence rate or prevalence of lameness in British dairy cattle. Analysis was conducted using RStudio statistical software (version−1.2.1335; R Foundation for Statistical Computing, Vienna, Austria) using the meta and metafor packages (53). The metaprop function was used to conduct the meta-analysis on the prevalence data and the metarate function for the incidence data.

The fixed-effect model disregards the between-study variance and assumes that the methods and underlying population from which the sample was drawn are equal between the different studies. These assumptions did not seem to fit well given the heterogeneity of the methods and sample population between the identified studies. For that reason a random effects model was chosen over a fixed-effect model (54, 55). Data were assessed for skewedness. As it was not normally distributed, data were transformed using arcsine transformation. A sensitivity analysis was conducted comparing the results obtained using the arcsine transformation with those obtained when using other available data transformation methods (56). The GLM model was only used for the prevalence data.

With the exception of the GLM model, all models used the inverse variance method for pooling the estimate of the lameness frequency level. Confidence intervals for individual studies were estimated through the normal approximation interval based on the summary measure (pooled lameness prevalence for studies reporting lameness prevalence and pooled lameness incidence for studies reporting lameness incidence). The DerSimonian-Laird (DL) estimate was used to calculate the between-study variance τ2 in all models but the GLMM (57, 58). In the latter the Maximum-likelihood estimator was used (59).


Heterogeneity on the Reported Lameness Frequency Levels Between Studies

In the realm of a meta-analysis heterogeneity is defined as the variability of the measure of interest across the selected studies, which can arise from different reasons such as different study methodologies or sampling strategies. Understanding and quantifying heterogeneity is important to allow the researcher to appreciate the range of values the summary measure can take (51). A high heterogeneity level indicates that the variability of the values reported across the individual studies is very large. Studies reporting extreme values that deviate substantially from the summary measure can increase heterogeneity. There could also be a factor or factors, also referred to as moderator(s), by which studies can be grouped that can justify the high levels of heterogeneity (e.g., study design, study type, gender, age of study population). As it may not be adequate to provide a summary measure when heterogeneity levels are high, methods are applied to reduce it (60). A two-step approach was used to address heterogeneity. The first-step was to identify outliers and influential studies. The forest plot was assessed and studies whose 95% confidence intervals did not overlap with that from the pooled estimate were identified. A set of tests followed to formally assess the influence of the outlying effect of individual studies on the pooled estimate by means of the function influence. Papers that had a strong influence on the overall estimate were removed from the meta-analysis. The second step was to use a moderator analysis, first by sub-group analysis (univariate), grouping the studies by factors that could explain the heterogeneity, followed by a multiple meta-regression if more than one factor was identified as a predictor of the variance between studies (55). Factors providing a P-value of 0.1 or below in the test for moderators were considered moderators and added to the multiple meta-regression model. The model for the multiple meta-regression was developed using the glmulti package, and according to the multimodel inference method in which all possible combinations of the identified predictors are explored and parsimony is rewarded (60). The second step was only conducted if there were at least 10 papers, and if there were at least 5 papers per subgroup (60).

Risk factors for lameness were explored in the moderator analysis (breed, grazing regime, calving pattern, housing system, and milking system). Additionally, factors that could have an influence on the reported levels of lameness were also considered in the moderator analysis: lameness data source (records vs. MSS and/or ALDS), study type, study design, study farm(s) location, year of start of data collection and sample size (55).





RESULTS


Chronological Overview of Lameness Classification Methods

Out of the 151 papers that were considered for full-text screening, 70 papers were eligible for the chronological analysis. One paper (61) had been published sometime in the past when compared with the other studies and for this reason was excluded from the analysis.

Overall 17 different lameness data sources were identified, among records and mobility scoring systems (MSS). Up until the year 2000 only 3 distinct MSS had been used in lameness research in British dairy cattle. From 2000 onwards another 10 MSS were used in publication regarding the study of lameness in the same population (Figure 2). Just over 20% of all the papers used the 9-point scale Manson and Leaver 1988 to collect lameness data, being the most commonly used MSS. The 4-point scale AHDB Dairy 2008 ranked second with about 10% of the papers making use of this MSS. Despite the existence of different mobility scoring tools for assessing lameness in dairy cattle, farm records are still a commonly used lameness data source by research (Table 1). Five out of the eight papers making use of data that started being collected from 2014 onwards sourced their lameness data from farm records. Only one paper made use of automated lameness detection systems (ALDS) for collecting data (Figure 2).


[image: Figure 2]
FIGURE 2. The number of publications in each year, according to the start of the data collection period, and specific lameness detection and classification methods used in research in British dairy cattle since 1975 (each bar represents a paper and the color the method used).



Table 1. Relative distribution of lameness data sources across the identified papers (n = 69) for the chronological overview of lameness classification methods.
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Meta-Analysis on Lameness Frequency Levels

Of the 151 potentially eligible studies, 68 were included in the meta-analysis (Figure 1), 16 references were found to have missing data on number of lame animals or population at risk, and author(s) were contacted to see if the information could be provided. Data could not be retrieved on twelve papers—on four papers authors could not be reached, and on eight papers authors weren't able to provide the data. Papers were published from 1946 until 2019, with 75% based on data collected from 1995 onwards (Table 2). Fifty had lameness prevalence data whereas 36 had incidence data (Figure 1).


Table 2. Summary statistics of the final set of studies reporting lameness frequency levels in British dairy cattle (n = 68).

[image: Table 2]

The main breed of animals were Holstein, Friesian, or Holstein-Friesian, with about 70% of all studies described the animals as belonging to these breeds (Table 2). A significant proportion of studies did not report data on calving pattern, grazing regime, housing system, and milking system. A quarter of the studies were conducted in farms that belonged to research institutes. Most studies were observational (73.5%). In terms of study design 57.4% were longitudinal, and roughly 10.3% of them were cross-sectional. The majority of papers (77.9%) reported on cows, regardless of their age. A small number of papers (10.3%) focused their research on heifers. Two out of every five studies relied on records for their lameness data. More than half of all studies based their research on a sample of <5 farms and/or 1,230 animals (65.6%) (Table 2).

Sections Meta-Analysis on Lameness Prevalence Levels and Meta-Analysis on Lameness Incidence Rate Levels will concentrate on the results from the papers reporting lameness prevalence and incidence rate at cow level.


Meta-Analysis on Lameness Prevalence Levels

Fifty studies were included in the meta-analysis on lameness prevalence data. Forty-two, five and three studies reported lameness prevalence at cow, heifer and culled cow level, respectively (Supplementary Table 4). The results presented in this section are based on the 42 papers reporting lameness prevalence at cow level. Pooled estimates are provided along with their 95% confidence intervals (CI). The 95% prediction intervals (PI) are also provided except for the sub-group analysis results.

Two outliers were identified. The overall pooled estimate for the prevalence in British dairy cattle after the removal of the outliers was 29.5% (95% CI 26.7–32.4% and 95% PI 13.8–48.2%). Heterogeneity was present and extensive (Table 3 and Figure 3).


Table 3. Summary of the results from the meta-analysis of studies reporting lameness prevalence at cow level using arcsine data transformation method.
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FIGURE 3. Meta-analysis on reported lameness prevalence in British dairy cattle from identified studies.


The pooled estimates between subgroups when papers were grouped per variables Start of data collection (year) 1, Start of data collection (year) 2, Start of data collection (year) 3, Start of data collection (year) 4, and Start of data collection (year) 5 were statistically different (p-value for the test of moderator <0.1) and therefore were considered as moderators for the meta-regression (Table 4). As there were <5 papers in one of the categories for variable Milking System no sub-group analysis was conducted on this factor.


Table 4. Sub-group analysis (univariate analysis) for the papers reporting lameness prevalence at cow level.
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The five identified predictors were used in the multiple meta-regression model. The model with the moderator Start of data collection (year) 2 (year 2000 as cut-off) was the most parsimonious model. The pooled estimate for papers published from 2000 onwards was 34.9% (95% CI 30.1–39.9%), roughly 15% more when compared with the pooled estimate from studies published before the year 2000 (20.0%; 95% CI 16.3–24.0%) (Figure 4).
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FIGURE 4. Subgroup analysis of reported prevalence of lameness in British dairy cattle at cow level with Start of data collection (year) 2 as a moderator (year 2000 as cut-off).




Meta-Analysis on Lameness Incidence Rate Levels

Lameness incidence rate data was extracted from thirty-six studies, thirty-one of which reported the measure at cow level. One paper reported incidence per culled cow whereas the remaining four reported at heifer level (Supplementary Table 5). Additionally, data on the underlying cause of lameness were extracted from papers that reported it and a meta-analysis conducted. The results presented are based on incidence rate data from papers reporting cases at the cow level.

Two studies were identified as outliers and removed from the analysis. After the removal of the outliers the overall pooled estimate for all-causes incidence rate in British dairy cattle was 36.8 cases per 100 cow-years (95% CI 29.3–45.3 and 95% PI 5.6–95.5). Heterogeneity was present and extensive (Table 5 and Figure 5).


Table 5. Summary of the results from the meta-analysis of studies reporting lameness incidence rate (100 cow-years) at cow level using the arcsine data transformation method, before and after outlier removal.
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FIGURE 5. Meta-analysis on reported lameness incidence rate (100 cow-years) in British dairy cattle from identified studies after outlier removal.


Few studies provided information on the lameness underlying cause, ranging from 11 (Sole Ulcer, Sole Hemorrhage/Bruising category) to 8 (White Line Disease, White Line Disease and Abscess, Bovine Digital Dermatitis, and Other lesions categories). The pooled incidence rate per 100 cow-years was 66.1 (95% CI 24.1–128.8), 53.2 (95% CI 20.5–101.2), 53.6 (95% CI 19.2–105.34), and 51.9 (95% CI 9.3–129.2) for White Line Disease, Sole Ulcer, Bovine Digital Dermatitis, and Other lesions, respectively. As with the meta-analysis on the all-causes incidence rate data, the heterogeneity was present and high for all lameness-related lesions (Table 6).


Table 6. Summary of the results from the meta-analysis of studies reporting lameness causing lesions incidence rate (100 cow-years) at cow level using the arcsine data transformation method, after outlier removal.
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To deal with the high heterogeneity left after the removal of outliers a sub-group analysis was conducted. As with the meta-analysis on prevalence data no sub-group analysis was conducted on the variable Milking System.

Breed, Study Type, Housing Regime, Grazing Regime, Sample Size a, and Sample Size b were identified as predictors for heterogeneity among reported incidence across the different studies with statistical significance (Table 7).


Table 7. Sub-group analysis with the papers reporting lameness incidence rate (100 cow-years) at cow level after outlier removal.

[image: Table 7]

The six identified predictors were used in the multiple meta-regression model. The most parsimonious model was the one with the moderator Sample Size a. The pooled incidence rate of lameness per 100 cow-years for papers based on a sample of 1,230 animals or more was 24.5 (95% CI 17.1–33.3), less than half of the when compared with the pooled estimate from studies based on a sample of <1,230 animals (60.2; 95% CI 38.3–86.9) (Table 7 and Figure 6).
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FIGURE 6. Subgroup analysis of reported incidence rate of lameness in British dairy cattle at cow level with Sample Size a as a moderator.





Risk of Bias

The results of the assessment are presented in Supplementary Table 3 and Supplementary Figure 1 in the Risk Bias Assessment section of the Supplementary Material. Overall all papers were classified at high risk of bias. Even studies that were addressing the review question had sample populations resulting from convenience sampling with high concerns for its effect on the estimate of lameness frequency. The selection of subset of animals within the sample population (e.g., heifers or milking cows) and lameness data source were additional concerns to the introduction of bias (farm records have a recognized issue of under-reporting, and mobility scoring system are subjective by nature).



Sensitivity Analysis on the Different Data Transformation Methods

Tables with the findings of the sensitivity analysis are provided in Supplementary Tables 6, 7. Below a summary of the main results is presented.


Prevalence Data Analysis

The maximum variation in the pooled prevalence when comparing the results between the different models was of about 6% (from 29.9% in with arcsine and double arcsine transformations to 28.1% in the GLM model). The most significant difference was when the lower limits of the 95% prediction intervals were compared: the figure was nearly twice as high with logit transformation (9.9%) when compared with the GLM method (4.9%). Outliers were identified in methods except for the GLM. The most significant difference was in the logit transformation method where the removal of the outliers led to an increase of roughly 3% in the pooled estimate. Heterogeneity was extensive regardless of the method used (Supplementary Table 6).



Incidence Data Analysis

Before the removal of outliers the arcsine and double arcsine methods performed quite similarly, and had about 20% more cases per 100 cow-years when compared with the logit transformation. The removal of the outliers translated into a reduction of roughly 8 cases per 100 cow-years in the arcsine and double arcsine methods, and an increase of about 3 cases per 100 cow-years in the logit transformation. After the removal of the identified outliers all three transformation method provided very similar results, with a maximum of 4% variation when comparing the arcsine with the logit method. Heterogeneity was present and extensive irrespective of the data transformation method used (Supplementary Table 7).





DISCUSSION

The usefulness of outputs from meta-analysis in economic evaluations has been highlighted previously (72, 73). The study performed aimed to generate prevalence and incidence parameters to make assessments of the burden of lameness in British dairy cattle, and to provide a chronological overview of the different lameness detection and classification method and data sources. The analysis indicates that there are problems with how this health condition is reported and measured. It is particularly concerning that 4 out of the 6 studies identified in the SLR published from 2015 onwards based their findings in farm records, a data source highlighted for under-reporting lameness levels (25–28). Additionally the diversity in mobility scoring methods, their intrinsic subjective nature and the potential lack of correspondence adds uncertainty to how consistently is lameness being measured between studies. Other authors have raised this problem (2, 30, 34, 35, 37, 74, 75), there is a need for greater standardization in lameness data collection methods and case definition. This would allow for a more accurate understanding of lameness trends through time and inform the interested parties as to the effectiveness of the adopted approaches for tackling the problem. Despite these problems the analysis has provided great insight into the scientific documentation of lameness and its potential limitations in the estimates of the economic burden of this problem and its serious implication in animal welfare.

We decided to group papers according to the study unit at which lameness was reported, and to concentrate the analysis and report results on cows rather than heifers and culled cows. Heifers are known to have lower incidence of lameness than older cows (76). Additionally culling records are not a good indicator of lameness frequency in dairy cattle, reporting low levels of the ailment (16, 77) when compared with evaluations from independent observers (28, 50). Pooling lameness levels from papers reporting it at heifer and culled cow level with those reporting it at cow level would probably underestimate our results.

The most parsimonious model for the analysis of prevalence data had Start of data collection (year) 2 as the only moderator. The pooled prevalence for studies for which data began being collected before the year 2000 was 20.0% (95% CI 16.3–24.0%). This is in line with what Clarkson reported (20.6%) in 1996 (78). The two most recent lameness prevalence studies in British dairy cattle reported higher levels of lameness. Griffiths et al. (50) using data collected in 2015 and 2016 estimated a 28.2% prevalence, whereas Randall et al. (79) using data collected in 2014 30.1%. These most current estimates of lameness prevalence in British dairy cattle are similar (although slightly lower) to the pooled estimate for studies for which data began being collected in 2000 and onwards 34.9% (95% CI 30.1–39.9%). It could be that awareness regarding lameness has increased over the years. The fact that the Start of data collection (year) 4 (year 2008 as cut-off) and Start of data collection (year) 5 (year 2010 as cut-off) were identified as predictors for the variance in the reported estimates between studies could reflect a higher consciousness to the problem as it was when the British dairy sector adopted the AHDB 4-point MSS as a standard tool in lameness assessment and when the Healthy Feet program was launched—two marks in the history of lameness management in the UK (49). Regardless of the potential increase of awareness to the lameness problem in dairy cattle and/or ability to measure it accurately, the frequency levels of this health condition have remained substantially high across time. It is important to acknowledge that the intensification of production system have created pressure on the animal's productivity, sometimes at the expense of their health (4). The selection of animals based solely on milk production has also led to the increase of the incidence of different diseases, namely lameness (80). Lameness has been associated with milk yield: animals with higher milk yields are at higher risk of developing the ailment (81). Yet, early identification of lameness cases and prompt action has proven to be effective in reducing the impact of lameness and maintaining its levels low (82, 83). Developing tools to identify lameness in pre-clinical stages would allow for early intervention providing the necessary support for preventing animals from becoming obviously lame. Genetic improvement of herds based not just on production traits such as milk yield and fertility, but also on resistance to certain health condition such as lameness could offer a way to reduce the incidence of the ailment (84–86). Apart from all the different strategies that can be adopted to alleviate lameness frequency and/or its impact it must be acknowledged that it is up for farmer to make the decisions and take action in managing the health and welfare of the animals. It is thus important to understand the perceptions and motivations of farmers if measures are to be effectively implemented (38, 87).

The moderator Sample Size a (1,230 cut-off) retrieved the most parsimonious model when analyzing the lameness incidence data set. The estimated pooled incidence for the studies with more than 1,230 animals indicated 24.5 cases of lameness per 100 cow-years (95% CI 17.1–33.3). This is in line with what Esslemont and Kossaibati (88) and Whitaker et al. (89) estimated−24.5 and 21.8, respectively—but considerably lower than what Clarkson et al. (78) estimated−54.6 cases per 100 cow-years. It must be noted that most studies with a sample size of more than 1,230 animals (12 out of 17) were based on farm records, a data source prone to under-reporting (28, 29). On the other hand 2 out of every 3 studies with a sample size of less 1,230 animals relied on mobility scoring methods to assess lameness. Part of the observed difference could result from the different methods that were used for collecting lameness data. The pooled estimate for incidence rate for studies with <1,230 animals was 60.2 cases of lameness per 100 cow-years (95% CI 38.3–86.9), which is close to what Clarkson et al. (78) estimated. The figure for the incidence in the later study was based on farm records. However, it must be noted that the enrolled farms had regular visits from researchers who mobility scored the herd for the duration of the study, which could have had an effect on the accuracy of the records kept by the farmer.

The impact of lameness is cause-specific, resulting from different adverse effects in the animal's production capacity, and different treatments and prevention and control strategies (17). Identifying the underlying disease leading to lameness is valuable information for the management of hoof problem(s) and for conducting economic studies on this health condition. However, few studies were found to report lameness data with this level of granularity. The fact that collecting such data can be quite time consuming and labor intensive could offer an explanation for this. Dairy farming is time and labor demanding and farmers will have priorities other than to diagnose and register the lameness-causing lesion. Hoof trimmers are an eventual good data source but the pressure to deal with all the animals in a timely manner can lead to misclassification errors and no reporting of such data. In addition to the lack of available data, the diversity in methodologies and sample sizes, and high variance in the reported incidence rate between studies resulted in very wide 95% CI for the pooled estimate.

Data availability and accessibility are bottle-necks when studying animal diseases and their impact (24). The fact that lameness is a symptom rather than a disease in itself (with a diversity of diseases that can cause the ailment), and that different methods are used to capture lameness information, makes data consistency an even higher challenge when studying this health condition (34, 35). Three main findings were drawn from the chronological analysis of lameness detection and classification system: the mobility scoring system (MSS) adopted in 2008 by the industry as the standard (the AHDB Dairy mobility scoring system) is not the only MSS being used for assessing lameness in dairy cattle; the diversity of MSS used and the fact that these are subjective in nature and prone to observer bias makes it more difficult to aim for consistency; and farm records are still a source of data when studying lameness despite the under-reporting problems identified in research (28, 29). The mobility scoring systems are based on ordinal scales, and depend on the observer's experience to detect changes in the animal's locomotion that fit the descriptors for each level in the scale. The scales of the identified MSS ranged from 9 to 4 points with different descriptors. To make the assessments between studies comparable the ordinal scales are translated into binary (lame vs. non-lame) or shorter scales (non-lame, mildly lame, and severely lame). Since the descriptors are not identical between scoring system this could bring about issues of consistency and hamper comparison. Regardless of the myriad of MSS available, further investigation is required to study the impact of the use of different MSS in the reported lameness levels, and to explore how related MSS are between each other. Although technology for the detection of lameness based in artificial intelligence is available only one study has made use of data collected by an automated lameness detection system (ALDS). It must be noted that the validation of ALDS is achieved by comparing the results obtained with the current reference standard—direct observation of the animal. Once parameterized the tool can offer a way to avoid some biases associated with the subjective nature of assessing lameness through direct observation of the animal's behavior and locomotion. However, if the sensitivity was parameterised according to the best available method—MSS—then it is likely that the results from automated system will be influenced by the standard that provided the threshold for lameness condition. Another limitation to ALDS is that some hoof lesions will not alter the animal's behavior or locomotion. This is particularly significant for Bovine Digital Dermatitis, an important infectious hoof disease (75). Although ALDS are a promising tool for objectively identifying lameness there is need for further research in order for it to become a reality. The use of MSS was associated with the study farm(s) location. Research institutes will have implemented a particular system in their routine welfare assessment and thus studies that have made use of their data set for conducting analysis will report this MSS. This could lead to incorrectly concluding that the AHDB system has not been widely adopted if many papers make use of the data set from these dairy farms belonging to research institutes. Nevertheless, and as previously mentioned, diversity in the methods by which lameness is classified brings about inconsistency and hampers comparability. The discussion about the need for University-Industry engagement offer an opportunity to reflect on how to harmonize the tools and communication used by both sectors with respect to lameness in dairy cattle.

The data extracted from the papers was skewed and so it was transformed through the arcsine method to improve its statistical properties. The double arcsine method has been advocated by researchers as the model of choice for conducting meta-analysis with binomial data (53, 55, 90). However, Schwarzer et al. (56) has highlighted potential misleading results from back-transformed data when this method is used, especially when sample size is small. Following Schwarzer et al. (56) recommendations a sensitivity analysis was done to assess the effect of the different data transformation methods on the results. This analysis indicated minor differences in the pooled estimates when using the different methods. The logit transformation was the method that showed most significant differences. Research has indicated this approach to be problematic when analyzing binomial data, placing undue weight on studies reporting extreme proportions and failing to stabilize variance in studies with smaller sample sizes (53, 56, 90). In sum, the arcsine transformation seemed to be the most suitable option.

The choice of a random-effects model seemed appropriate considering the heterogeneity of the methods and sample population between the identified studies, and given the need to consider both the intra and inter-study variance of lameness frequency (54, 55).

With the exception of the GLM model, the DerSimonian and Laird (DL) method was used to estimate the between study variance. Other authors argue that the restricted maximum likelihood (REML) is the approach of choice, despite of higher computational complexity (59). However, it seems that the difference observed when comparing results from these two methods is generally insignificant and its impact negligible (91).

Heterogeneity in the outcome of interest between studies is critical aspect of conducting a meta-analysis (90) and one of its main objectives was to reduce it as much as possible (92). The identified studies were quite diverse in terms of study design, data collection method and analytical approach. This diversity is hard to manage when the number of papers is not big enough to perform the analysis aimed at dealing with heterogeneity. This was particularly marked when exploring the moderator effect of certain factors such as Grazing Regime, Housing System, and Milking System, for which only a small number of studies had data on. Despite having identified moderators that explained part of the observed heterogeneity, it remained high and unexplained—a common finding when conducting this sort of analysis in disease frequency data (93). As a result of the high residual heterogeneity the interpretation of results should be taken with caution as it may not be appropriate to summarize the data into a single estimate. However, having described the predictors for such heterogeneity is a valuable output from the analysis as these could indicate risk factors for lameness. The estimated prediction intervals are also an important output. While taking into account the variability of individual studies, they are wider than the 95% CI and provide the range of values that would capture 95% of the estimates of lameness frequency levels—meaning that if we were to pick a study on the frequency of lameness in British dairy cattle the figure we would get would fall within that range 95% of the times. These parameters can then be used to inform economic analysis by means of a sensitivity analysis with worst and best case scenarios.

When conducting the meta-analysis on incidence data Housing Regime was a factor that seemed to explain part of the observed heterogeneity between studies. These findings are in accordance with conclusions reported in previous publications. Housing system also plays a role in the epidemiology of lameness, with straw yards having a protective effect on lameness incidence (66). The variable Grazing Regime was also identified as predictor for the variance of the estimate between studies. As opposed to what research has highlighted (69) grazing systems had a higher incidence rate of lameness (47.5 cases per 100 cow-years; 95% CI 28.8–70.8) when compared with the studies that reported lameness based on a sample that included also included non-grazing systems (17.5 cases per 100 cow-years; 95% CI 12.2–23.9). With the well-documented under-reporting problem of lameness in farm records there was some expectation as to the variable Lameness Data Source being identified as a predictor. However, the pooled estimate of the papers with lameness record-base data was not statistically significantly different from the pooled estimate of the papers with lameness data collected through MSS and/or ALDS.

The authors acknowledge that the search terms used in the systematic literature review were somewhat narrow and that some references focusing on lameness in British dairy cattle might have been missed with the search strategy. Yet considering the research question the search terms seem to be adequate when identifying publications focused on reporting lameness frequency levels in British dairy cattle. Limiting the search to research conducted in British dairy cattle was strategic as the results from this analysis are intended to be used in an economic assessment of lameness in this population.

The literature search was restricted to six scientific databases. There is a possibility that some references were not captured in the search. However, these databases were chosen for their extensive coverage of veterinary science journals (94) and thus should have reduced the odds of missing a relevant paper. Although there was no restriction regarding year of publication the retrospective nature of the study might have conditioned data retrieve. Even if authors were still reachable databases were sometime no longer available. Nine papers were not accessible through our methodology. Additionally data could not be retrieved in twelve papers. This could have introduced bias into our analysis, but we do not know the direction of the bias nor the extent due the information lacking.



CONCLUSION

Our pooled lameness frequency estimates indicated high levels of the disease with ~30% of British dairy cattle suffering from this ailment at any one moment in time. This analysis will be useful for investigations on the economic impact of lameness on British dairy cattle, by providing information on the burden of lameness, a key parameter for study of Animal Health Economics.

A diversity of detection and classification methods are used for collecting lameness data in the UK. This brings about inconsistency in the existing literature on the subject that hamper results comparison, limiting our ability to see if lameness is changing over time, be it for the purpose of assessing the effectiveness of an intervention or solely for monitoring lameness trend, and to understand lameness impact with precision. The use of artificial intelligence for identifying and monitoring lameness cases could offer objectivity and reliability compared with other lameness detection and classification methods, namely the mobility scoring systems and farm records.

The development and implementation of data collection systems that can offer reliable and standardized information are essential for the decision-making in the realm of animal health management.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/Supplementary Material.



AUTHOR CONTRIBUTIONS

The main author was responsible for the systematic literature review, data management and analysis, development of risk bias assessment tools, and for the elaboration of the document. MB was involved in the reference screening and selection and reviewed the manuscript. PK was involved in the development of the code on R software program for the analysis and reviewed the manuscript. HC provided insights on the statistics around meta-analysis and helped guiding the analysis plan. DR contributed with his experience with meta-analysis and guiding the analysis plan. GO contributed with his experience in lameness research and reviewed the document. JR has oversight on the research in general. All co-authors have revised the paper.



ACKNOWLEDGMENTS

The authors would like to acknowledge the valuable contribution of Bethany Griffins, for her participation in validating the adapted QUADAS-2 tool. Additional the authors would like to thank Ben Huntington and Siv Nygaard for their valuable comments on the document. Lastly a word of appreciation to Ivo Fins for his help retrieving some references. JA was grateful to the Institute of Infection and Global Health, University of Liverpool for supporting his Ph.D. research.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2020.00542/full#supplementary-material



REFERENCES

 1. FAO. The State of Food and Agriculture: Livestock in the Balance. Report. Rome: FAO (2009).

 2. Thornton PK. Livestock production: recent trends, future prospects. Philos Trans R Soc B. (2010) 365:2853–67. doi: 10.1098/rstb.2010.0134

 3. González LA, Tolkamp BJ, Coffey MP, Ferret A, Kyriazakis I. Changes in feeding behavior as possible indicators for the automatic monitoring of health disorders in dairy cows. J Dairy Sci. (2008) 91:1017–28. doi: 10.3168/jds.2007-0530

 4. Bruijnis MRN, Meijboom FLB, Stassen EN. Longevity as an animal welfare issue applied to the case of foot disorders in dairy cattle. J Agric Environ Ethics. (2013) 26:191–205. doi: 10.1007/s10806-012-9376-0

 5. Oltenacu PA, Hultgren J, Algers B. Associations between use of electric cow-trainers and clinical diseases, reproductive performance and culling in Swedish dairy cattle. Prev Vet Med. (1998) 37:77–90. doi: 10.1016/S0167-5877(98)00109-3

 6. Bicalho RC, Machado VS, Caixeta LS. Lameness in dairy cattle: a debilitating disease or a disease of debilitated cattle? A cross-sectional study of lameness prevalence and thickness of the digital cushion. J Dairy Sci. (2009) 92:3175–84. doi: 10.3168/jds.2008-1827

 7. AHDB (2020). Available online at: https://dairy.ahdb.org.uk/technical-information/animal-health-welfare/lameness/#.XnXjrIj7TIU (accessed March 19, 2020)

 8. Bruijnis MRN, Beerda B, Hogeveen H, Stassen EN. Assessing the welfare impact of foot disorders in dairy cattle by a modeling approach. Animal. (2011) 6:962–70. doi: 10.1017/S1751731111002606

 9. Green L, Borkert J, Monti G, Tadich N. Associations between lesion-specific lameness and the milk yield of 1,635 dairy cows from seven herds in the Xth region of Chile and implications for management of lame dairy cows worldwide. Anim Welf. (2010) 19:419–27.

 10. Burgstaller J, Raith J, Kuchling S, Mandl V, Hund A, Kofler J. Claw health and prevalence of lameness in cows from compost bedded and cubicle freestall dairy barns in Austria. Vet J. (2016) 216:81–6. doi: 10.1016/j.tvjl.2016.07.006

 11. Whay HR, Shearer JK. The impact of lameness on welfare of the dairy cow. Vet Clin North Am. (2017) 33:153–64. doi: 10.1016/j.cvfa.2017.02.008

 12. Hultgren J. Key Issues in the Welfare of Dairy Cattle. Achieving Sustainable Production of Milk. Vol. 3. Cambridge: Burleigh Dodds Science Publishing (2017). p. 1–32.

 13. Bicalho RC, Oikonomou G. Control and prevention of lameness associated with claw lesions in dairy cows. Livestock Sci. (2013) 156:96–105. doi: 10.1016/j.livsci.2013.06.007

 14. Refaai W, Van Aert M, Abd El-Aal AM, Behery AE, Opsomer G. Infectious diseases causing lameness in cattle with a main emphasis on digital dermatitis (Mortellaro disease). Livestock Sci. (2013) 156:53–63. doi: 10.1016/j.livsci.2013.06.004

 15. Orpin PG, Sibley RJ. Counting the culls and costing the casualties - not all cull cows are the same. Cattle Pract. (2014) 22:200–5.

 16. Orpin P, Esslemont RJ. Culling and wastage in dairy herds: an update on incidence and economic impact in dairy herds in the UK. Cattle Pract. (2010) 18:163–72.

 17. Huxley JN. Impact of lameness and claw lesions in cows on health and production. Livestock Sci. (2013) 156:64–70. doi: 10.1016/j.livsci.2013.06.012

 18. Willshire JA, Bell NJ. An economic review of cattle lameness. Cattle Pract. (2009) 17:136–41.

 19. Kossaibati MA, Esslemont RJ. The costs of production diseases in dairy herds in England. Vet J. (1997) 154:41–51. doi: 10.1016/S1090-0233(05)80007-3

 20. Bennett R, IJpelaar J. Updated estimates of the costs associated with thirty four endemic livestock diseases in great Britain: a note. J Agric Econ. (2005) 56:135–44. doi: 10.1111/j.1477-9552.2005.tb00126.x

 21. King MTM, LeBlanc SJ, Pajor EA, DeVries TJ. Cow-level associations of lameness, behavior, and milk yield of cows milked in automated systems. J Dairy Sci. (2017) 100:4818–28. doi: 10.3168/jds.2016-12281

 22. Westin R, Vaughan A, de Passillé AM, DeVries TJ, Pajor EA, Pellerin D, et al. Cow- and farm-level risk factors for lameness on dairy farms with automated milking systems. J Dairy Sci. (2016) 99:3732–43. doi: 10.3168/jds.2015-10414

 23. Watters MEA, Meijer KMA, Barkema HW, Leslie KE, von Keyserlingk MAG, DeVries TJ. Associations of herd- and cow-level factors, cow lying behavior, and risk of elevated somatic cell count in free-stall housed lactating dairy cows. Prev Vet Med. (2013) 111:245–55. doi: 10.1016/j.prevetmed.2013.05.015

 24. Krieger M, Sjöström K, Blanco-Penedo I, Madouasse A, Duval JE, Bareille N, et al. Prevalence of production disease related indicators in organic dairy herds in four European countries. Livestock Sci. (2017) 198:104–8. doi: 10.1016/j.livsci.2017.02.015

 25. Reader J, Green M, Kaler J, Mason S, Green L. Effect of mobility score on milk yield and activity in dairy cattle. J Dairy Sci. (2011) 94:5045–52. doi: 10.3168/jds.2011-4415

 26. Shearer JK, Stock ML, Van Amstel SR, Coetzee JF. Assessment and management of pain associated with lameness in cattle. Vet Clin North Am. (2013) 29:135–56. doi: 10.1016/j.cvfa.2012.11.012

 27. Van De Gucht T, Saeys W, Van Meensel J, Van Nuffel A, Vangeyte J, Lauwers L. Farm-specific economic value of automatic lameness detection systems in dairy cattle: from concepts to operational simulations. J Dairy Sci. (2018) 101:637–48. doi: 10.3168/jds.2017-12867

 28. Whay HR, Main DCJ, Green L, Webster A. Assessment of the welfare of dairy cattle using animal-based measurements: Direct observations and investigation of farm records. Vet Record. (2003) 153:197–202. doi: 10.1136/vr.153.7.197

 29. Leach KA, Whay HR, Maggs CM, Barker ZE, Paul ES, Bell AK, et al. Working towards a reduction in cattle lameness: 1. Understanding barriers to lameness control on dairy farms. Res Vet Sci. (2010) 89:311–7. doi: 10.1016/j.rvsc.2010.02.014

 30. Whay H. Locomotion scoring and lameness detection in dairy cattle. Practice. (2002) 24:444. doi: 10.1136/inpract.24.8.444

 31. Amory JR, Kloosterman P, Barker ZE, Wright JL, Blowey RW, Green LE. Risk factors for reduced locomotion in dairy cattle on nineteen farms in the Netherlands. J Dairy Sci. (2006) 89:1509–15. doi: 10.3168/jds.S0022-0302(06)72218-4

 32. Kamphuis C, Burke J, Jago J. Cows becoming clinically lame differ in changes in behaviour and physiology compared to cows that do not become clinically lame. In: Proceedings of the New Zealand Society of Animal Production. Hamilton: New Zealand Society of Animal Production (2013) p. 5–10.

 33. Liu J, Dyer RM, Neerchal NK, Tasch U, Rajkondawar PG. Diversity in the magnitude of hind limb unloading occurs with similar forms of lameness in dairy cows. J Dairy Res. (2011) 78:168–77. doi: 10.1017/S0022029911000057

 34. Shearer JK, Van Amstel SR, Brodersen BW. Clinical diagnosis of foot and leg lameness in cattle. Vet Clin North Am. (2012) 28:535–56. doi: 10.1016/j.cvfa.2012.07.003

 35. Archer S, Bell N, Huxley J. Lameness in UK dairy cows: a review of the current status. Practice. (2010) 32:492. doi: 10.1136/inp.c6672

 36. Bach A, Dinarés M, Devant M, Carré X. Associations between lameness and production, feeding and milking attendance of Holstein cows milked with an automatic milking system. J Dairy Res. (2006) 74:40–6. doi: 10.1017/S0022029906002184

 37. Bennett R. The ‘direct costs’ of livestock disease: the development of a system of models for the analysis of 30 endemic livestock diseases in great Britain. J Agric Econ. (2003) 54:55–71. doi: 10.1111/j.1477-9552.2003.tb00048.x

 38. Higgins JPT, Green S. Chapter 4: Guide to the Contents of a Cochrane Protocol and Review. In: Higgins H, Green MJ, Madouasse A, editors. Cochrane Handbook for Systematic Reviews of Interventions Version 510 [Internet]. The Cochrane Collaboration (2011). p. 51–79. doi: 10.1002/9780470712184.ch4

 39. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. J Clin Epidemiol. (2009) 62:e1–34. doi: 10.1016/j.jclinepi.2009.06.006

 40. Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological guidance for systematic reviews of observational epidemiological studies reporting prevalence and cumulative incidence data. Int J Evid Based Healthc. (2015) 13:147–53. doi: 10.1097/XEB.0000000000000054

 41. Collick DW, Ward WR, Dobson H. Associations between types of lameness and fertility. Vet Rec. (1989) 125:103–6. doi: 10.1136/vr.125.5.103

 42. Walker S, Smith R, Routly JE, Jones DN, Morris M, Dobson H. Lameness, activity time-budgets, and estrus expression in dairy cattle. J Dairy Sci. (2009) 91:4552–9. doi: 10.3168/jds.2008-1048

 43. Cottle DJ, Coffey MP. The sensitivity of predicted financial and genetic gains in holsteins to changes in the economic value of traits. J Anim Breed Genet. (2013) 130:41–54. doi: 10.1111/j.1439-0388.2012.01002.x

 44. Chaplin SJ, Ternent HE, Offer JE, Logue DN, Knight CH. A comparison of hoof lesions and behaviour in pregnant and early lactation heifers at housing. Vet J. (2000) 159:147–53. doi: 10.1053/tvjl.1999.0404

 45. Morris M, Walker S, Jones DN, Routly JE, Smith R, Dobson H. Influence of somatic cell count, body condition and lameness on follicular growth and ovulation in dairy cows. Theriogenology. (2009) 71:801–6. doi: 10.1016/j.theriogenology.2008.10.001

 46. Elgabry M, Nesbeth D, Johnson SD. A systematic review protocol for crime trends facilitated by synthetic biology. Syst Rev. (2020) 9:22. doi: 10.1186/s13643-020-1284-1

 47. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. (2015) 4:1. doi: 10.1186/2046-4053-4-1

 48. Microsoft, Corporation. Microsoft Excel 2016. Available online at: https://office.microsoft.com/excel.

 49. Main DCJ, Leach KA, Barker ZE, Sedgwick AK, Maggs CM, Bell NJ, et al. Evaluating an intervention to reduce lameness in dairy cattle. J Dairy Sci. (2012) 95:2946–54. doi: 10.3168/jds.2011-4678

 50. Griffiths BE, Grove White D, Oikonomou G. A cross-sectional study into the prevalence of dairy cattle lameness and associated herd-level risk factors in England and wales. Front Vet Sci. (2018) 5:65. doi: 10.3389/fvets.2018.00065

 51. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane Handbook for Systematic Reviews of Interventions Version 6.0 (updated July 2019). Cochrane (2019). p. 243–96. Available online at: https://training.cochrane.org/handbook

 52. Broen MP, Braaksma MM, Patijn J, Weber WE. Prevalence of pain in Parkinson's disease: a systematic review using the modified QUADAS tool. Mov Disord. (2012) 27:480–4. doi: 10.1002/mds.24054

 53. Viechtbauer W. Conducting meta-analyses in R with the Metafor package. J Stat Softw. (2010) 36:1–48. doi: 10.18637/jss.v036.i03

 54. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. A basic introduction to fixed-effect and random-effects models for meta-analysis. Res Synthesis Methods. (2010) 1:97–111. doi: 10.1002/jrsm.12

 55. Wang N. How to Conduct a Meta-Analysis of Proportions in R: A Comprehensive Tutorial. (2018). doi: 10.13140/RG.2.2.27199.00161

 56. Schwarzer G, Chemaitelly H, Abu-Raddad LJ, Rücker G. Seriously misleading results using inverse of freeman-tukey double arcsine transformation in meta-analysis of single proportions. Res Synthesis Methods. (2019) 10:476–83. doi: 10.1002/jrsm.1348

 57. Jackson D, Bowden J, Baker R. How does the Dersimonian and Laird procedure for random effects meta-analysis compare with its more efficient but harder to compute counterparts? J Stat Plan Infer. (2010) 140:961–70. doi: 10.1016/j.jspi.2009.09.017

 58. George BJ, Aban IB. An application of meta-analysis based on Dersimonian and Laird method. J Nuclear Cardiol. (2016) 23:690–2. doi: 10.1007/s12350-015-0249-6

 59. Borenstein M, Hedges L, Higgins JPT, Rothstein HR. Comprehensive meta-analysis (Version 2.2.027) [Computer software]. Org Res Methods. (2005). 11:188–91. doi: 10.1177/1094428106296641

 60. Harrer M, Cuijpers P, Furukawa TA, Ebert DD. Doing Meta-Analysis in R: A Hands-on Guide. PROTECT Lab (2009). Available online at: https://bookdown.org/MathiasHarrer/Doing_Meta_Analysis_in_R/

 61. Blaxter KL. Experiments with iodinated casein on farms in England and Wales. J Agric Sci. (1946) 36:117–50. doi: 10.1017/S0021859600011655

 62. Manson FJ, Leaver JD. The influence of concentrate amount on locomotion and clinical lameness in dairy cattle. Anim Sci. (1988) 47:185–90. doi: 10.1017/S0003356100003251

 63. Thomas HJ, Remnant JG, Bollard NJ, Burrows A, Whay HR, Bell NJ, et al. Recovery of chronically lame dairy cows following treatment for claw horn lesions: a randomised controlled trial. Vet Rec. (2016) 178:116. doi: 10.1136/vr.103394

 64. Walker SL, Smith RF, Jones DN, Routly JE, Dobson H. Chronic stress, hormone profiles and estrus intensity in dairy cattle. Horm Behav. (2008) 53:493–501. doi: 10.1016/j.yhbeh.2007.12.003

 65. Phillips CJC. Adverse effects on reproductive performance and lameness of feeding grazing dairy cows partially on silage indoors. J Agric Sci. (1990) 115:253–8. doi: 10.1017/S0021859600075201

 66. Rutherford KMD, Langford FM, Jack MC, Sherwood L, Lawrence AB, Haskell MJ. Lameness prevalence and risk factors in organic and non-organic dairy herds in the United Kingdom. Vet J. (2009) 180:95–105. doi: 10.1016/j.tvjl.2008.03.015

 67. Flower FC, Weary DM. Effect of hoof pathologies on subjective assessments of dairy cow gait. J Dairy Sci. (2006) 89:139–46. doi: 10.3168/jds.S0022-0302(06)72077-X

 68. Galindo F, Broom D. The relationship between social behaviour of dairy cows and the occurrence of lameness in three herds. Res Vet Sci. (2000) 69:75–9. doi: 10.1053/rvsc.2000.0391

 69. Haskell MJ, Rennie LJ, Bowell VA, Bell MJ, Lawrence AB. Housing system, milk production, and zero-grazing effects on lameness and leg injury in dairy cows. J Dairy Sci. (2006) 89:4259–66. doi: 10.3168/jds.S0022-0302(06)72472-9

 70. Sprecher DJ, Hostetler DE, Kaneene JB. A lameness scoring system that uses posture and gait to predict dairy cattle reproductive performance. Theriogenology. (1997) 47:1179–87. doi: 10.1016/S0093-691X(97)00098-8

 71. Tranter WP, Morris RS. A case study of lameness in three dairy herds. New Zealand Vet J. (1991) 39:88–96. doi: 10.1080/00480169.1991.35668

 72. O'Connor AM, Sargeant JM. An introduction to systematic reviews in animal health, animal welfare, and food safety. Anim Health Res Rev. (2014) 15:3–13. doi: 10.1017/S146625231400005X

 73. Pang F, Drummond M, Song F. The Use of Meta-Analysis in Economic Evaluation. York: Centre for Health Economics, University of York (1999).

 74. Oehm AW, Knubben-Schweizer G, Rieger A, Stoll A, Hartnack S. A systematic review and meta-analyses of risk factors associated with lameness in dairy cows. BMC Vet Res. (2019) 15:346. doi: 10.1186/s12917-019-2095-2

 75. Alsaaod M, Fadul M, Steiner A. Automatic lameness detection in cattle. Vet J. (2019) 246:35–44. doi: 10.1016/j.tvjl.2019.01.005

 76. Barker Z, Amory J, Wright J, Mason S, Blowey R, Green L. Risk factors for increased rates of sole ulcers, white line disease, and digital dermatitis in dairy cattle from twenty-seven farms in England and Wales. J Dairy Sci. (2009) 92:1971–8. doi: 10.3168/jds.2008-1590

 77. Marsman A. The end of OTMS and casualty slaughter: what does it mean to you and your clients? UK Vet Livestock. (2006) 11:48.52. doi: 10.1111/j.2044-3870.2006.tb00026.x

 78. Clarkson MJ, Downham DY, Faull WB, Hughes JW, Manson FJ, Merritt JB, et al. Incidence and prevalence of lameness in dairy cattle. Vet Record. (1996) 138:563. doi: 10.1136/vr.138.23.563

 79. Randall LV, Thomas HJ, Remnant JG, Bollard NJ, Huxley JN. Lameness prevalence in a random sample of UK dairy herds. Vet Rec. (2019) 184:350. doi: 10.1136/vr.105047

 80. Oltenacu PA, Broom DM. The impact of genetic selection for increased milk yield on the welfare of dairy cows. Anim Welf. (2010) 19:39–49.

 81. Green LE, Hedges VJ, Schukken YH, Blowey RW, Packington AJ. The impact of clinical lameness on the milk yield of dairy cows. J Dairy Sci. (2002) 85:2250–6. doi: 10.3168/jds.S0022-0302(02)74304-X

 82. Leach KA, Tisdall DA, Bell NJ, Main DCJ, Green LE. The effects of early treatment for hindlimb lameness in dairy cows on four commercial UK farms. Vet J. (2012) 193:626–32. doi: 10.1016/j.tvjl.2012.06.043

 83. Montgomery JA, Forgan K, Hayhurst C, Rees E, Duncan JS, Gossellein J, et al. Short term effect of treating claw horn lesions in dairy cattle on their locomotion, activity and milk yield. Vet Sci Dev. (2012) 2:e7. doi: 10.4081/vsd.2012.3643

 84. Ring SC, Twomey AJ, Byrne N, Kelleher MM, Pabiou T, Doherty ML, et al. Genetic selection for hoof health traits and cow mobility scores can accelerate the rate of genetic gain in producer-scored lameness in dairy cows. J Dairy Sci. (2018) 101:10034–47. doi: 10.3168/jds.2018-15009

 85. Sánchez-Molano E, Bay V, Smith RF, Oikonomou G, Banos G. Quantitative trait loci mapping for lameness associated phenotypes in Holstein–Friesian dairy cattle. Front Genet. (2019) 10:926. doi: 10.3389/fgene.2019.00926

 86. Heringstad B, Egger-Danner C, Charfeddine N, Pryce JE, Stock KF, Kofler J, et al. Invited review: Genetics and claw health: opportunities to enhance claw health by genetic selection. J Dairy Sci. (2018). 101:4801–21. doi: 10.3168/jds.2017-13531

 87. Tunstall J, Mueller K, Grove White D, Oultram JWH, Higgins HM. Lameness in beef cattle: UK farmers' perceptions, knowledge, barriers, and approaches to treatment and control. Front Vet Sci. (2019) 6:94. doi: 10.3389/fvets.2019.00094

 88. Esslemont RJ, Kossaibati MA. Incidence of production diseases and other health problems in a group of dairy herds in England. Vet Rec. (1996) 139:486–90. doi: 10.1136/vr.139.20.486

 89. Whitaker DA, Macrae AI, Burrough E. Disposal and disease rates in British dairy herds between April 1998 and March 2002. Vet Rec. (2004) 155:43. doi: 10.1136/vr.155.2.43

 90. Barendregt JJ, Doi SA, Lee YY, Norman RE, Vos T. Meta-analysis of prevalence. J Epidemiol Commun Health. (2013) 67:974. doi: 10.1136/jech-2013-203104

 91. Thorlund K, Imberger G, Walsh M, Chu R, Gluud C, Wetterslev J, et al. The number of patients and events required to limit the risk of overestimation of intervention effects in meta-analysis—a simulation study. PLoS ONE. (2011) 6:e25491. doi: 10.1371/journal.pone.0025491

 92. Lean IJ, Rabiee AR, Duffield TF, Dohoo IR. Invited review: use of meta-analysis in animal health and reproduction: methods and applications. J Dairy Sci. (2009) 92:3545–65. doi: 10.3168/jds.2009-2140

 93. Churchill KJ, Sargeant JM, Farber JM, O'Connor AM. Prevalence of listeria monocytogenes in select ready-to-eat foods-deli meat, soft cheese, and packaged salad: a systematic review and meta-analysis. J Food Protect. (2019) 82:344–57. doi: 10.4315/0362-028X.JFP-18-158

 94. Compton CWR, Heuer C, Thomsen PT, Carpenter TE, Phyn CVC, McDougall S. Invited review: a systematic literature review and meta-analysis of mortality and culling in dairy cattle. J Dairy Sci. (2017) 100:1–16. doi: 10.3168/jds.2016-11302

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Afonso, Bruce, Keating, Raboisson, Clough, Oikonomou and Rushton. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fvets-07-00542-t007.jpg
Moderator

Lameness data
source

Study Type

Study Farmis)
Location

Breed

Grazing regime

Housing System

Calving Pattern

Start of data
collection (year) 1

Start of data
collection (year) 2

Start of data
collection (year) 3

Start of data
collection (year) 4

Start of data
collection (year) 5

Sample Size a

Sample Size b

Subgroup

Mobiity scoring system

Records
Observational
Experimental
Not at Research Institute

At Research Institute
Holstein®

Other

Grazing

Other

Multiple

Cubicle

Year-round

Other

1995 and onwards

Before 1996
2000 and onwards

Before 2000
2005 and onwards

Before 2005
2008 and onwards

Before 2008
2010 and onwards

Before 2010

1,230 animals or more
less than 1,230 animals
More than 5 farms and
1230 animals

less than 5 farms and/or
1,230 animals

No of studies per
subgroup

16
22

22

20

10
14

23
17
12
11

18

Pooled
incidence rate
(100 cow-years)
per subgroup

36.9

36.8
30.7
63.4
339

483
45.7
19.4
646
175
14.8
54.2
52.4
39.5
38.1

346
437

31.0
56.8

293
47.8

329
316

385
245
60.2
20.7

497

95% Cl

24.2-52.4

26.9-48.4
23.1-39.5
45.4-84.4
25.8-43.1

24.1-80.9
34.7-68.2
9.8-32.4
436-90.1
12.2-239
7.5-246
19.2-106.9
18.2-104.2
22.4-613
20.8-47.5

21.2-513
28.5-62.1

23.3-39.8
289915

23.6-35.6
22.1-83.4

26.5-40.1
13.7-66.8

28.9-49.5
17.1-333
38.3-86.9
14.3-28.2

31.9-716

aHerds which cows were mainly Holstein, Friesian and/or Holstein-Friesian. *Variables considered as moderators.

P-value for QM

0.989

<0.001*

0.309

0.0020*

<0.001"

0577

0.694

0.164

0.066

0316

0583

0.0019*

0.0021*

Residual
heterogeneity
(H)

62.93

6337

63.57

45.83

19.66

4314

4314

51.55

4784

45.37

45.51

52.07

62.00

43.29

Residual
heterogeneity
() (%)

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Profiling Detection and Classification of Lameness Methods in British Dairy Cattle Research: A Systematic Review and Meta-Analysis



		Introduction



		Materials and Methods



		Eligibility Criteria



		Data Extraction



		Database Management and Parameters



		Methodological Quality Assessment (Risk of Bias)



		Analysis



		Heterogeneity on the Reported Lameness Frequency Levels Between Studies













		Results



		Chronological Overview of Lameness Classification Methods



		Meta-Analysis on Lameness Frequency Levels



		Meta-Analysis on Lameness Prevalence Levels



		Meta-Analysis on Lameness Incidence Rate Levels









		Risk of Bias



		Sensitivity Analysis on the Different Data Transformation Methods



		Prevalence Data Analysis



		Incidence Data Analysis













		Discussion



		Conclusion



		Data Availability Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		References

















OPS/images/fvets-07-00542-t006.jpg
Lesion(s) No of studies Pooled 95% CI 95% PI Heterogeneity measures
(No of outliers) incidence rate
(100 cow-years)

Cochran’s Q P-value Q tau2 2 (%)
Wid® 7() 66.1 24.1-1288 14.4-402.4 23947 <0.001 0.188 100.0
Widabs® 6@ 75.2 255-1612 24.0-4948 23881 <0.001 0205 100.0
sue 9(1) 532 205-101.2 105-817.9 26148 <0.001 0.179 100.0
Sushb? 10(1) 466 22.2-79.8 19-2263 44594 <0.001 0.115 100.0
Bdd® 8(1) 536 19.2-1053 13.6-335.9 26129 <0.001 0.179 100.0
Badfr' 7@ 60.2 266-107.5 36-303.2 43872 <0.001 0.123 100.0
Otherd 70 519 93-1202 67.6-512.3 43199 <0.001 0315 100.0

White Line Disease, ®White Line Disease and Abscess, “Sole Ulcer, ISole Ulcer, Sole Haemorrhage/Bruising, ®Bovine Digital Dermatitis, "Bovine Digital Dermatitis and Interdigitel
Phlegmon (foot rot), 9Other hoof related lesions.





OPS/images/fvets-07-00542-t005.jpg
No of studies Pooled 95% CI
Incidence rate
(100 cow-years)

Before outlier
identification and removal

31 452 36.9-64.3
After outlier

identification and removal

29 368 203-452

95% Pl

8.8-109.7

56-955

Cochran’s Q

112985

109127

Heterogeneity measures

P-value @

<0.001

<0.001

Tau?

0.033

0.032

P(%)

100.0

100.0





OPS/images/fvets-07-00542-t004.jpg
Moderator

Lameness data

source

Study type

Study farm(s)
location

Study design

Breed

Grazing regime

Housing system

Calving pattern

Start of data
collection (year) 1

Start of data
collection (year) 2

Start of data
collection (year) 3

Start of data
collection (year) 4

Start of data
collection (year) 5

Sample Size a

Sample Size b

Subgroup

Mobility scoring system

Records
Observational
Experimental

Not at Research
Institute

At Research Institute
Cross-sectional
Other

Holstein®

Other

Other

Grazing

Multiple

Cubicle

Other

Year-round

1995 and onwards

Before 1995
2000 and onwards

Before 2000
2005 and onwards

Before 2005
2008 and onwards

Before 2008
2010 and onwards

Before 2010
1,230 animals or more
less than 1,230
animals)

More than 5 farms and
1,230 animals

less than 5 farms
and/or 1,230 animals

No of studies per
subgroup

27

13
29

32

27

13
19

21
14

26
11

29
17
23

14

26

Pooled
prevalence per
subgroup

0.294

0.283
0.279
0.338
0.289

0.325
0.246
0.304
0.279
0.278
0.308
0.333
0.293
0.357
0371
0.334
0.319

0.195
0.349

0.200
0.368

0.231
0.368

0.258
0.356

0.273
0.263
0.328

0.265

0.319

95% ClI

0.263-0.337

0.261-0.316
0.249-0.311
0.241-0.443
0.268-0.320

0.173-0.499
0.182-0.316
0.278-0.329
0.265-0.306
0.214-0.348
0.268-0.349
0.256-0.415
0.233-0.357
0.285-0.433
0.324-0.420
0.171-0.521
0.287-0.353

0.128-0.273
0.301-0.399

0.163-0.240
0.305-0.433

0.199-0.263
0.302-0.436

0.219-0.298
0.297-0.418

0.234-0.313
0.225-0.302
0.245-0.417

0.218-0.314

0.259-0.380

8Herds which cows were mainly Holstein, Friesian and/or Holstein-Friesian. *Variables considered as moderators.

P-value for QM

0.672

0.263

0.667

0127

0.976

0.578

0.189

0.697

0.004*

<0.001*

<0.001*

0.005*

0.023*

0.169

0171

Residual
heterogeneity
H)

13.04

18.11

18.39

13.86

13.40

9.2

12.56

823

18.36

18.33

18.28

16.37

16.02

18.26

16.20

Residual
heterogeneity

() (%)

99.4









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Veterinary Science





OPS/images/fvets-07-00542-g005.gif
Study Ointe Popuition JotiduncaRide S5 GL

Rink (160 cowyoars)
Bowneta, 2016 32160 460000 340 (339 341)
Whisher o3, 2004 45744 2109000 27 (215 219)
Rusolcial ios2 7528 1363000 s (54 59
Prchardotsl, 2013 8509 751370 13 (117 110
BuReroal 2009 52 367430 148 (142 150
Wisherots 1983 5250 210000 a 250 243 257
Greoneiai. 20t 19120 143200 ° 1268 (1247 1204
Eisamonicial, 1906 9263 136800 B 200 232 208)
Hodsonetal zois | S008 125180 ] 00 389 a11)
Harch il 2019 5 woez0  ® 70 (65 75
Mooy 612012 €057 56950 a 1027 (1002 1054
Bukwrool 2072 1005 460 a 215 203 230)
Poco. 2 a0 s s (200 322
Chrsonetal, 1995 2910 42300 s 516 (524 559
Newomowisi,207 8 Gs0 @ 27 (22 33
Anoryetal, 2608 @0 im0 ° 261 (219 283)
Roucsoiol. tose 452 15940 271 216 207
Wallor ot ), 1956 2 160 B 25 (218 278
Hosgesotsl 200 72 11200 . s (812 739)
Grosoveneia 2014 a2 7110 . S5 (51 654)
S oo, 2019 75 w00 150 (118 180
Rescoroisl. 2011 4 3120 - 1423 (1204 1859)
Guindoetal 2000 105 2100 - 505 (413 605)
Rancalotal 2015 @ o - 215 (184 285
Litoetal 2018 "o 720 e 15238 1256, 1627)
Hansan ot a, 199 @ a0 e 979 1719, 1279)

B . 575 (364 830

T om0 ow 31 (00 123

w o owo —— sis (204 800)
Randomefects model -~ 368 (203 452)

Pradicion ntorval
oty 2 100, 20038, = s ey T T T
o s w0 10 20

achton hate o L amaas I B oakey Oatle






OPS/images/fvets-07-00542-g006.gif
Study Oaes Popuistion lncklonce Rute  96% C.L

SRk (100 cowyeare)

Womayoretal 202 6057 se650 a 1027 11002 1054)

Water o, 1996 2 1600 a 215 (216275

Hedgesorsi. 2001 772 11200 . s (52 739

Gosmewteial 2018 42 7110 . 596 (541654

S a1 1, 2015 - TR 150 (115, wa)

Resdoratal, 2011 444 3130 - 1423 (1294 1589]

Giindootal.200 106 200 - 505 (413 605)

Ui o3, 2078 oo 720 e 1525 (1256, 16271

Manson o a 1988 v o — 73 (719 127

Ofretal, 2004 11 - 75 (304 834

Ofr o131 1097 T mo ow 31 (00 129

Ofr o 312000 Rt .— si6 (294 800

Random ffcts moc! — 02 (33 701

Brounetal 2016 | 21840 9160000 o 350 (339341

ra 210000 a 27 (215 219

Russshotal, 1602 7526 1364000 | 55 (54 50

Prwdoisl. 201 80 750 m 13 (13 16

Baerotal 2009 Sw2 %70 B 146 (142 150)

Wneakerots 1983 5250 210000 a 250 (263 257

w20 15200 a e 27z

383 18800 s o' (232 245)

Hudsnotal 2004 5006 125180 s o (s i)

Moo o131 5013 i 060 | 70 (65 75

Bakereial 2012 1005 46460 o 218 (203230

1w aeizo s 26 (290 22

o 00 a 516 (524 559

® 0 27 (22 33

a9 a0 201 (219 204

e} 21 (216 297

w o leo 25 (154 285

Random fiscts mode! 243 (170: 23]
Random offcts mocel - 68

Progiction it
Kt 100% ¢ 0015y tpn 820y T T T
Res ety = 107, TR 020 0 50 100 180 200

- S L . Y





OPS/images/fvets-07-00542-g003.gif
Study Cases  Toul Prevalence  36% C..

Bownotal, 2016 165496 946000 018 (018:0.16)
Writhor 13,2000 10717 45220 024 (023:024]
Prichardotal, 2013 7099 44463 016 (016,016]
Booratal 2010 12297 3415 037 (036:037)
Gifihsetsl, 2018 4145 14700 028 (027.029]
Esslomontet51, 1996 2380 13680 0.7 017.0.16)
Ruhefodetal, 2009 2334 12100 019 (015,020)
Weavor, 1957 2010 700 030 [029:031]
Randallatal, 2019 162 5620 030 (029:031]
Chnsonetal, 1996 871 4230 021 (019.022)
Poteronetal, 2011 1217 390 03 (034038
o7 a8 024 022025

Amory otal, 2008 @6 s 035 053037
il et i, 1954 @ 1575 005 004006
@ 100 062 (059065

1 0 040 037043

39 008 004 (003005

29 1 029 02503

W7 oz 017023

Gioonevolteial. 2014 271 711 038 (035,042)
Leach atal, 2012 38 G0 047 04s0s1
Tromasotal 2016 176 68 027 (024031]
Smithotal, 2019 W03 S0 021 017020
Bellatal, 2013 G @ o1 f0osot
Readoreial, 2011 w0 s 03 02103
Manning. 2076 7 2 omfozross
Galndo etal. 2000 2 200 020 015028
Chapin eal. 2000 w007 pokor
s 12 060 053068

102 150 088 060075

2 72 oSt oasioes)

Ll o a1 5018 2 7 ossjoaross
Walker el 2009 3 s oss osiore
it eal, 2016 3 s oss psso7s
1 a0t pisods

s oz (mow

% 050 0sose

3 ® 00 (02022

5 2 0w ooross

Colis 6131, 2004 1% 010 0003

Random offects model

0 02 04 06 08 1
Prevalence of Lameness n Britsh Dairy Catie





OPS/images/fvets-07-00542-g004.gif
Study Gooos  Towl Provahiace PN CL

Brounetsr, 2070 tocssn sson0 018 016:018)

Barr ol 2010 o7 s o (036037

Gt o5 2018 as w0 o parom

Ruthaod 2008 Z% 20 01 p1soz)

R tal. 2010 fee s 0% w03

Potioten st 2011 2 s 0% paow

ket aval 2006 w7 i 02 22029

Ay to1 2000 &% W 03 pso

Arcer o 2010 s o 062 059,088 .

Ut 2015 w i ompmom W

Randatol, 2015 T om ompmon

Grommensaial, 2014 T o pwos -

Coacnova 2072 S @0 o baos -

Tromasetal, 2016 e s oz paos) W

S o101,2010 S0 o2 pimon

Baarar, 2013 W % onmon

Readar st 2011 w2 owpaowm | w

Haniog 2075 7oz ompaow e

W, 2017 w2 i@ oss esors .
@ W o5 pasoss —
@ 7 ok banoss -~
% % ey

Ut o 5076 E-t =

Oferaral 2200 s @ ——

Woker ot 2008 6w ok e

Blcio ot 2010 E ——

Colis et 200 T fonan

Frovsancs of amenss in ish Dsiry Catt 038 (030; 0.40] -

Wnisior oo, 2000 o sszo 0z paozy  m

Prichars ot 073 7099 was9 Ot 01801 B

Ecsamonteral 1995 0 w0 oo B

Waer 1587 o 7o owpmow @

Clakaon ot 1906 o 2% onpwom m

i, 1994 % w5 00s 0os0cs) B

Huray 31,2002 @ oy o parosy .

Bl 1856 3 0% 00 003009 |

Gaiodo o, 2000 @ 20 onpiom e

Chapin ol 2060 B oor porora @

P, 900 % @ 0% sy -

Hanion o1, 1685 @ o3 pmosy  —e—

Oficera, 1997 3 % om w0z —e—

Provlanca of Lamenass in s Dsiy Catt 0% loiciaza =

Provalance of Lamenoss n B Dsiy Catl i

Prodction nores

Ryt %, 200088,y 2273020
Ry 1 0y IS8 0) o 02 04 06 08 1
ot Bl





OPS/images/fvets-07-00542-t003.jpg
No of Pooled 95% Cl 95% PI
studies prevalence

Before outlier identification and removal

42 0.209 0.261-0.338 0.087-0.572
After outlier identification and removal

40 0.295 0.267-0.324 0.138-0.482

Cochran’s Q

34975

12892

Heterogeneity measures

P-value Q

<0.001

<0.001

Tau?

0.019

0.009

(%)

99.9

99.7





OPS/images/fvets-07-00542-t001.jpg
Lameness data source

Farm records
9-point scale Manson and Leaver (1988) (62)
4-point scale AHDB Dairy (2020) (7)

4-point scale Whay et al. (2003) (28)

6-point scale Thomas et al. (2016) (63)
3-point scale Amory et al. (2006) (31)
3-point scale Walker et al. (2008) (64)

Vet and farm records

Vet records

4-point scale Philips (1990) (65)

4-point scale Rutherford et al. (2009) (66)
5-point scale Flower and Weary (2006) (67)
5-point scale Galindo and Broom (2000) (68)
5-point scale Haskell et al. (2006) (69)
5-point scale Sprecher et al. (1997) (70)
5-point scale Tranter and Morris (1991) (71)
Automated system

% (n)

31.9% (22)
21.7% (15)
10.1% (7)
7.2% )
4.3% (3)
43% @)
29% (@)
29% ()
29% (@)
1.4% (1)
1.4% (1)
1.4% (1)
1.4% (1)
1.4% (1)
1.4% (1)
1.4% (1)
1.4% (1)





OPS/images/fvets-07-00542-t002.jpg
Variable

Start of data collection
(year) 1

Start of data collection
(year) 2

Start of data collection
(vean) 3

Start of data collection
(year) 4

Start of data collection
(year) 5

Breed

Calving pattern

Grazing regime

Housing system

Milking system

Category
Before 1995

1995 and onwards
Before 2000

2000 and onwards
Before 2005

2006 and onwards
Before 2008

2008 and onwards
Before 2010

2010 and onwards
Holstein/Friesian/Holstein-Friesian
Other 4

Not reported

Year-round

Other

Not reported

Grazing

Other

Not reported

Cubicle

Other

Not reported

Conventional

Other

Not reported

Study farm(s) belonging Yes

to research institute

Study Type

Study design

Study unit

Lameness data source

Sample size a

Sample size b

No

Experimental
Observational
Cross-sectional
Longitudinal

Negatively controlled RCT
Positively controlled RCT
Retrospective longitudinal
Cow

Culled cow

Hefer

Lactation

Mobilty scoring system
Records

Other

Less than 1,230 animals
1,280 animals or more

Less than 5 farms and/or 1,230
animals

At least 5 farms and 1,230 animals

% of papers (n)
23.5% (16)

76.5% (52)
38.2% (26)

618% (42)
58.8% (40)

41.2% (28)
66.2% (45)

33.8% (23)
76.5% (52)

23.5% (16)
67.6% (46)
20.6% (14)
11.8% (8)
23.6% (16)
27.9% (19)
48.5% (33)
35.3% (24)
30.9% (21)
33.8% (20)
485% (33)
22.1% (15)
29.4% (20)
57.4% (39)
29% (@)
39.7% (27)
23.5% (16)

76.5% (52)
26.5% (18)
73.5% (50)
10.3% (7)
57.4% (39)
29% (@)
1.5% (1)
27.9% (19)
77.9% (53)
5.9% (4)
10.3% (7)
5.9% (4)
57.3% (39)
41.29% (28)
1.5% (1)
52.9% (36)
47.1% (32)
63.2% (43)

36.8% (25)





OPS/images/cover.jpg
, frontiers
in Veterinary Science

Profiling Detection and Classification
of Lameness Methods in British
Dairy Cattle Research: A Systematic
Review and Meta-Analysis





OPS/images/fvets-07-00542-g001.gif
Papers dcoifiod from sysematic
o st 747

Dt enorcd:
26

[re——

Ctionsexclodd afe e sd hwscs
srecnd: - 52 (Nonoumal ik - 155,
g et Englh - ; spocies ot
iy sl - 32 Ouside he UK - 136)

e caions evieved for x|
s e 146

Gt s e
Rllen s

Full it 91 (it ot acssitle -9,
Iameocs frgueny el ot eporcdes = 35,
mencs e rported n o pblicstion
=36

Papersmecting inlusion e for
el 6%

Papersnclodd n it als - 65

[—‘—I

50 Papers s o 36 Papers s o
i o laencss s o lamences
provaenee das s dos

Papesmecting nlusion e for
| chonologia anaysis: - 70 (lext ot

| bl -0, e dsta e ot -
epored 36 aneress dta eporcd i
‘reviods publcation =30






OPS/images/fvets-07-00542-g002.gif





