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Industry Summary: 

Sow longevity is a key component to breeding herd profitability. Lameness is a major reason for culling and 

therefore can negatively impact sow longevity.  Lameness assessment in group housing systems requires the 

labor of skilled employees on a regular basis.  The microcomputer-based embedded force plate system 

(hereafter referred as force plate) has been shown to identify lameness in laboratory-based settings. The goal of 

this research was to diagnose sow lameness using the force plate and pattern recognition methods in a field 

setting before lameness could be visually identified by a producer or by the herd veterinarian. In order to 

accomplish this, weight distributions measurements, produced by lame and sound sows using the force plate are 

needed; and then, relationships between leg weight distribution and different degrees of lameness can be 

determined.  From this a lameness decision tree was developed to distinguish between sound and lame sows. To 

accomplish this the force plate was installed under one of two electronic sow feeders (ESF) in a group sow 

housing system with 120 multiparous sows for 21 days at the University of Pennsylvania – Swine Teaching and 

Research Center, Kenneth Square, PA. The force plate consists of four quadrants with non-slip coating (front 

right, front left, rear right, and rear left) which measures the force or weight that a sow applies per second to 

each quadrant (foot). Total dimensions were 1524 L x 565 W x 506 mm H, with 6.4-mm thick aluminum 

plating. Sow’s force measurements were recorded every second once pressure was applied to all four quadrants 

on the force plate while the sow consumed her daily feed allotment. If no pressure is applied to one quadrant or 

the sum of the pressure applied to two adjacent quadrants is less than 10 lbs., the value is deleted.  

Lameness was also visually scored on a weekly basis using a four point assessment scale; where 0 = normal and 

3 = severely lame.  Sows were classified as non-lame (score ≤ 1) or lame (score ≥ 2). Based on the visual 

weekly assessments and the force plate readings, a lameness detection decision tree was created. This decision 

tree was consistent with visual assessments 95.98% of the time. Comparing the two lameness detection  
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techniques, the force plate identified lameness on average 4.62 days sooner than the visual assessment. Through 

the trial, the force plate only required minor maintenance including calibration of quadrants and tightening of 

screws.  One quadrants plate needed to be replaced as the non-slip surface on it had started to wear off. Results 

suggest that the force plate can detect lameness in a commercial setting earlier than weekly visual assessments 

while requiring minimal maintenance.       

Key Findings: 

 The force plate can be successfully installed in a commercial setting under an ESF with some 

mechanical maintenance and modifications including routinely calibrating the load cells to be sure 

measurements are accurate.  

 A decision tree created based on the information gathered from the force plate can accurately detect 

lameness earlier than a weekly visual assessment.  

 If producers using an ESF system can detect lameness earlier, then management practices for lame 

sows could be modified to trigger the gait on the ESF to send sows classified as lame into an isle or 

alternative pen where the stockman would easily identify them and provide a course of action for 

each sow. 

 Further modifications are required to allow the force plate as currently designed to be commercially 

viable to collect data form a wide range of pigs (from gilts to mature boars). 

 Future prototypes could include shorter front plates and a taller center bar to correct these problems. 
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Scientific Abstract: 

Lameness is a major cause of culling in swine breeding herds.  Currently, lameness detection is based upon 

visual scoring, which requires time, training, and can be biased between and within individuals.  The 

microcomputer-based embedded force plate system (hereafter referred as force plate) has been shown to detect 

lameness in a lab based setting with induced lameness. The force plate is an objective lameness detection device 

that measures sow’s force distributions, with four nonslip quadrants [right front (RF), left front (LF), right rear 

(RR), left rear (LR)] that measure the force applied to each quadrant per second.  The objectives of this study 

was to quantify the force distributions of sows in various non-lame and lame states, and to compared force plate 

and the visual scoring lameness detection in a commercial setting. The force plate was installed in the New 

Bolton Swine Research Station at the University of Pennsylvania under one of two electronic sow feeders (ESF) 

in a dynamic group sow housing system with of 120 multiparous sows during 21 days. Sow force distributions 

were recorded daily as the sows ate their daily feed allotment. Recordings were made once per second 

beginning when the feed was provided to the sow and pressure was on the correct quadrants. Force recordings 

were deleted if the sow was not standings correctly on all four quadrants, this includes if the sow had less than 
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4.53 kilograms of force applied to a side (two adjacent quadrants), or has no force applied to a quadrant. Sows 

were visually assessed using a four-point measurement scale (0 = normal and 3 = severely lame) on a weekly 

basis. Sows were classified as non-lame (score ≤ 1) or lame (score ≥ 2). A decision tree was created using an 

algorithm from random Forest package in R. The comparison between the force plate and the lameness visual 

scoring for the day of first lameness detection was analyzed in PROC GLIMMIX of SAS. Results show a 

95.98% similarity between the two lameness detection methods per sow per day; however, the force plate was 

able to detect lameness 4.62 days earlier (P <0.001) compared to the visual scoring system. Results show that 

the force plate can detect lameness in a commercial setting, and earlier than a weekly visual assessment.   

Introduction: 

Sow lameness can negatively affect longevity as they are culled before initial replacement cost have been met 

(Stalder et al., 2003). Furthermore, low longevity could negatively impacted sow herd performance as litter size 

and litter weight decrease when the number of first parity sow increases in the herd (Pluym et al., 2013). 

Additionally, lameness could affect sow’s feed intake during lactation (Lucia et al., 2000) which in turn could 

have implication for piglet mortality.  Additionally, lameness is the third most common cause of sow removal 

(Stalder et al., 2004). In order to treat lameness, accurate identification is required.  Whay (2002) outlines 

treatment and monitoring of lameness goals that begins with proper lameness detection.  Currently, lameness 

detection on the farm level is done through visual observation. Repeatability of visual lameness detection is 

inconclusive and requires training in lameness detection (Main, et. al, 2000) and it has been suggested that that 

each lameness observer may even have a unique scoring system (Quinn et al., 2007). Thus, a more objective 

method to assess lameness is needed. The force plate is an objective lameness detection device that measures 

sow’s force distributions. Quinn and colleagues (2007) noted that the force plate is more sensitive than the 

human eye in detecting lameness. Previous work with the force plate in sows was done in a laboratory based 

setting with induced lameness (Abell et al., 2014; Karriker et al., 2013; Sun et al., 2011) and with naturally 

occurring lameness (Conte et al., 2014). No previous studies have been done, with the force plate installed into 

a commercial environment. Thus, the objective of this study was to utilize the force plate in a commercial 

setting to determine the relationship between force applied by each leg and degrees of lameness and ultimately 

to develop a lameness decision tree. 

Specific Objectives: 

1. Measure weight distributions produced by lame and non-lame sows using the developed microcomputer-

based force plate systems. 

2. Determine the relationships between the distribution of measured leg weights and different degrees of 

lameness using the lameness scoring systems. 

3. Develop lameness decision tree to distinguish non-lame and lame sows. 

Material and Methods: 

The embedded microcomputer-based force plate system (hereafter referred to as force plate) is 1524 x 565 x 

106 mm (length x width x height), with four quadrants [right front (RF), left front (LF), right rear (RR), left rear 

(LR)]  that measure the force applied by each limb of a pig.  The force plate was first installed in the University 



4 
 

of Pennsylvania New Bolton Swine Research Station under electronic sow feeders (ESF).  There are 120 sows 

in a dynamic group pen with two ESFs, with an additional gilt developer pen with approximately 50 gilts and 

one ESF.  Initial prototypes were installed in all three ESFs.  As this was a prototype, challenges were 

encountered. Receiving RFID sow IDs for all three force plates failed, and a thunderstorm resulted in a power 

failure and loss of data.  To correct this, data was backed up on a nightly basis in an external hard drive and in 

cloud data storage. Additional problems included flaking of the epoxy sand coating, wires becoming lose and 

cut by the plates, and structural welds breaking. To correct the epoxy challenge, a rougher surface on the 

aluminum plate was prepped before the epoxy was applied.  The structural challenges were corrected by using 

nuts and bolts to secure the force plate together in addition to welds, and wires were secured down with zip ties 

so they could not move and were kept away from moving parts. The pen of replacement gilts incurred 

additional challenges. This force plate took the most wear and tear from the animals and required the most 

attention and repair.  Because of the smaller size of the animals multiple gilts were able to enter the feeding 

station at the same time, creating extra force and pressure on places not experienced in the sow feeders.  

Additionally, the gilts were able to expose wires and sever them, resulting in periods of no data being collected.  

In order to accomplish the primary objectives of this grant, the decision was made to focus on one force plate in 

a sow pen.  

One force plate was installed from May to July of 2013, in the sow pen.  Lameness was assessed on 10 sows, 5 

lame and 5 sound, during the data collection period by University of Pennsylvania Swine Research farm 

employees, with the goal to have the force plate identify the lame versus the non-lame sows. Data was backed 

up nightly using cloud storage that allowed Iowa State to review the data collected, and identify if the plate had 

become uncalibrated. Challenges occurred during this portion of the study. If the force plate became 

uncalibrated the coordination to have the calibration done after the discovery of poor data collected could result 

in multiple days’ worth of data to be lost. Additionally, having two ESFs to choose from resulted in days where 

data was not recorded for specific sows, making lameness identification challenging with a small sample size. 

During July, welds broke on the force plate causing wires to be severed that caused the force plate to be 

uninstalled.  The decision was made to have an Iowa State graduate student assist in collecting the data from the 

force plate at the University of Pennsylvania Swine Research farm.  From May to June of 2014, the force plate 

was reinstalled in one ESF in the group sow pen. Routine maintenance included calibration of the scales and 

tightening nuts and bolts after the force plate had a few days of use.  Sow lameness was assessed on all sows in 

the group pen on a weekly basis. Lameness was scored on a four point lameness assessment scale (0 = normal, 3 

= severely lame) and then classified as non-lame (score ≤ 1) or lame (score ≥ 2).  Force plate readings were 

recorded once per second, after the sow applied pressure by placing her feet on the correct quadrants in the 

force plate.  Recordings were deleted if the sow had less than 4.53 kg on two adjacent plates, or if no weight 

was applied to a quadrant of the plate.  A sow’s force distribution was collected over her first visit to the feeder 

per day.  

Statistical analysis 

Decision Tree Creation 

A decision tree was constructed to identify lame sows using the randomForest package in R (LIAW et al., 

2013). First, the percentage of the total force applied by each sow, on each quadrant, for each recording point 

step was calculated. Descriptive statistics including average force, standard deviation of the force applied, and 

the skewness (i.e. measurement to evaluate the degree of asymmetry of the force applied), the 5th percentile (P5) 
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of the force applied on each quadrant, the 95th percentile (P95), range between P95-P5, maximum and minimum 

standard deviations for that date, the maximum and minimum skewness, the maximum and minimum P5 and 

P95 and the maximum P95 minus P5 were calculated for each sow, per day, on each quadrant using SAS PROC 

MEANS (SAS, Cary, NC) 

The P5 was used because it gives a more accurate value for the lowest force applied by the sow as when she 

adjusts her weight between limbs the plate will give a recording of 0 kg. The P95 provides a more accurate 

value for the maximum force applied by the sow, as excessive force could be applied by the sow when she 

pushes up on the feed trough or adjusts her weight.    

Second step was to calculate the difference between the force applied between LR-RR, RF-RR, LF-LR, LF-RF, 

and a difference of the contralateral measurements (LF-RR) - (RF-LR) for inclusion in the decision tree. 

Additionally, weekly visual lameness score was used as the deterministic variable for the creation of the 

decision tree.  If a sow was identified as lame during the weekly assessment, she was considered lame for the 

week prior to the lameness identification.  

The previously mention variables were included in the creation of the decision tree. In random forest analysis 

multiple trees are created from the inputted data, in this case 1,000 trees were generated. The randomForest 

automatically selects the variables with more weight and the variables that were used in the greatest proportion 

of trees were considered to be the most valuable to identify lameness. To measure the value of inclusion of the 

variables randomForest quantifies the reduction in error rate observed when a variable is not included in the 

decision tree (i.e. mean decrease in accuracy; Abell et al., 2014).   

Each specific decision trees is created using randomly selected sows at different days; this allows validation by 

comparing trees created with different sources of information by testing those cases left out of the creation 

process for classifying the sow correctly sound or lame. The percentage of time the incorrect decision is made is 

called the out-of-bag error estimates (oob error; Breiman and Cutler, 2015). Results for each significant variable 

are presented as means decrease in accuracy.  The oob error is reported for the entire decision tree process.   

Comparison between lameness evaluation systems 

A Kappa Statistics test in SAS PROC FREQ (SAS, Cary, NC) was used to measure the level of agreement 

between the visual scoring and force plate results from the decision tree.  A Kappa Statistics test takes into 

account the likelihood that the results could have been due to chance; a score of 0 means the results were 

entirely due to chance and 1 is perfect agreement between two observations.   Kappa Statistics scores of 0.4 to 

0.6 mean a moderate level of agreement, 0.61 to 0.8 a substantial agreement, and 0.81 to 0.99 almost perfect 

agreement (Viera and Garret, 2005).  

Additionally, weekly changes in lameness status between scoring methods was analyzed using generalized 

estimated equations in SAS PROC GENMOD. Model included lameness scoring method, measuring week, and 

their interaction. Results are reported as odds ratios with the associated 95% CI. An odds ratio greater than 1 is 

indicative of an increased risk whereas an odds ratio less than 1 indicates a reduced risk compared with the 

reference category. 
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Day of first lameness detection  

A Univariate generalized linear mixed model with lameness scoring method included as fixed effect was used to 

identify possible differences in the time of lameness identification between scoring methods, using SAS PROC 

GLIMMIX (SAS, Cary, NC).  Results are reported as least square means with their associated standard error.   

Results: 

Decision Tree Creation 

From all the variables included in the decision tree only seven were considered important to accurately detect 

lameness in sows using output from the force plate. The significant variables for the lameness decision tree 

were LR - RR, P95-P5 for LR, the minimum value of the P95, the standard deviations for RF and LF, the 

average for LF and the skewness for LF (Table1). Furthermore, the oob error for the decision tree used in the 

present study was 6.4%.  

 

Comparison between lameness evaluation systems 

The decision tree and the visual lameness scoring had substantial agreement beyond that expected by 

chance with a Kappa Statistic of .79 (P < 0.05).   

Additionally, the weekly change in lameness status showed an increase in lameness from week 1 to 

week 2 (Odds ratio = 1.28; CI = 0.80 to 2.04; P < 0.05) irrespective of scoring method; however, there was no 

difference between week 2 and 3 (P > 0.05). 

Day of first lameness detection  

A difference in day of first lameness detection was found between lameness scoring methods with the force 

place identifying lameness 4.62 ± 0.97 days earlier (P < 0.0001) compared with visual scoring. 

Discussion: 

With the increase in the number of sows that are group housed, lameness could become a bigger problem and 

thus accurate and timely detection are essential to manage this problem.  Results from this study suggest that the 

force plate is able to accurately detect differences in pressure applied between limbs, and more importantly, 

lameness status in multiparous sows in a commercial setting. In fact when using the decision tree lameness was 

detected almost 5 days earlier than with a weekly visual assessment. Such finding is of vital importance as early 

detection of lameness is critical in preventing the condition from deteriorating. 

However, it seems that factors that are deemed important for the decision tree would vary between herds. For 

instance, in the present study lameness was detected only in the rear legs which could explain the fact that the 

difference in pressure applied between the left and right rear legs was selected as the most important variable 

for the decision tree. Furthermore, as grater range between the 95th and 5th percentile was only important for the 

left rear leg, it could indicate that the majority of sows used for this study were lame in the right rear; however, 

further research is required. As sows become lame the maximum pressure exerted decreases, thus the minimum 

for 95th percentile decreases indicating a positive lameness detection. Due to the feeder being positioned slightly 
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to the right of the sows’ midline, on average, sows needed to apply more pressure in the left front quadrant to 

access the feeder. The reason for the selection of the standard deviations and the skewness for certain 

measurements remains unclear and requires further investigation.   

The oob error rate indicates that a low percentage of sows were incorrectly identified as sound or lame by the 

decision tree compared to the visual assessment. Moreover, the likelihood that the two lameness detection 

methods were similar beyond chance was very high implying the decision tree can accurately detect lameness.   

By the second week of trial the likelihood of a sow being classified as lame increased compared to week 1. The 

sows used in this study were in a dynamic group with sows entering and exiting on a weekly basis, subjecting 

the sows to constant regroupings aggressive interactions to establish social hierarchy. 

In summary, the force plate can be successfully installed in a commercial setting under an ESF with minor 

mechanical maintenance, including calibration. Furthermore, decision tree created based on the information 

gathered from the force plate can accurately detect lameness earlier than a weekly visual assessment. This could 

aid with the design of management practices for lame sows such as triggering the gait on the ESF to send sows 

classified as lame into an isle or alternative pen where the stockman would easily identify them and provide a 

course of action for each sow. Nevertheless, minor adjustments still need to be made to the force plate prototype 

before commercial implementation as data collection on smaller  animals such as gilts and first parity sows, was  

challenging as their rear legs would be only partially placed on the the front plate.  Narrow or weaker sows 

would have a difficulties using both rear plates as they would step over the center bar and try to place their 

limbs in only one side of the force plate.  Future prototypes could include shorter front plates and a taller center 

bar to correct these problems.  
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