
Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.739

Quantification and repeated measurements of structural traits in sows

M.D. Trenhaile-Grannemann1, J.D. Stock2, G.M. See1, R.M. Lewis1, K.J. Stalder2, & B.E.
Mote1

1University of Nebraska – Lincoln, 1400 R St., 68588, Lincoln, Nebraska, United States
mtrenhaile@huskers.unl.edu (Corresponding Author)
2 Iowa State University, 50011, Ames, Iowa, United States

Summary

Sow lameness and structural problems are an economic and welfare concern in the swine
industry. Therefore, changes in sow structure over time and the effect of nutrition during gilt
development on sow structural traits were assessed. Heritability of structural traits was
estimated, and associations between structural and production traits were evaluated. Serial
objective measurements of sow structural traits were taken on 216 sows at discrete time
points between first breeding and weaning of parity two. All structural traits displayed
significant changes over time (P < 0.05) with the nature and direction of structural changes
varying between traits. Some structural traits progressed with age, while others fluctuated
with gestational stage. For example, toe spacing increased over time and front pastern angle
decreased over time, while knee and hock angles decreased throughout gestation and
increased at weaning. Energy density of the diet provided during gilt development had a
significant influence on body size traits and rump slope (P < 0.05). Heritability estimates
ranged from 0.05 (difference in length between front toes) to 0.34 (rump slope). In general,
body size traits and leg angles were moderately heritable while toe traits were lowly
heritable. Several significant associations between structure and production traits were
observed, including an effect of rump slope on lactation weight loss in parity 1 and number
born and litter birth weight in parity 2 (P < 0.05). Lesser rump slope angles were favourable
in both instances. This study demonstrates that structural traits change with physiological
state and life stage, have the potential to be improved through genetic selection and
management, and may have important implications on sow productivity.
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Introduction

Early culling of sows from the breeding herd is a major economic and welfare concern
within the swine industry. Three parities are required to cover development and maintenance
costs of breeding females (Stalder et al., 2003), but with an annual culling rate of 54.5%
(PigCHAMP, 2016) many sows do not reach this point. Lameness and structural problems are
the second most common reason for culling prior to parity 4 (Mote et al., 2009), accounting
for 6.1-15% of early culling events in sow herds (Stalder and Serenius, 2004). Lameness may
also be an underlying cause of culling for other reasons, particularly reproductive failure.
Likewise, lameness is an animal welfare concern that is becoming increasingly important due
to heightened consumer interest in farm production practices.

Most studies where structural traits have been evaluated were based on subjective
scores that lack consistency between observers. Furthermore, to our knowledge, changes in
structure throughout the productive life of a sow have yet to be studied in depth. This is one
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of the first studies to obtain objective measurements of sow structural traits at numerous time
points across multiple parities in order to assess structural changes over time and the
potential for genetic selection for improved structure in sows. The effect of nutrition during
gilt development on structure and associations between structural traits and production traits
were also evaluated.

Materials and methods

Animals and management

All procedures involving animals were approved by the University of Nebraska Institutional
Animal Care and Use Committee.

Sows (n = 216) were sired by 21 boars and developed in two cohorts. From 120 to
240 days of age, gilts were provided ad libitum access to one of three developmental diets: a
standard corn-soybean meal diet (STD), an energy-restricted diet containing 40% soyhulls
(RES), or a high lysine diet containing similar metabolizable energy as STD and lysine to
metabolizable energy ratio as RES (HL).

Gilts remained in production through two parities. Sows were culled only if they
failed to express estrus during the three-week breeding period, failed to conceive, farrow, or
wean a litter, or for lameness and other animal welfare reasons.

Lactation feed intake (LFI), total number of piglets born (TNB), number born alive
(NBA), number of stillborn piglets (SB), number of mummies (MUM), number of piglets
weaned, and birth and weaning weight of all piglets were recorded in both parities. Total
birth weight (TBW) and total weaning weight (TWW) of each litter were calculated. Total
weaning weight was adjusted for age at weaning (adjTWW) using the National Swine
Improvement Federation adjustment factor (NSIF). Piglet cross-fostering was recorded so
number of piglets nursed and pre-weaning mortality (PM) could be calculated. Sows were
weighed before farrowing and after weaning. The pre-farrowing weight was adjusted for
TBW of the litter and subtracted from the weight taken at weaning to determine weight loss
during lactation (LWL). The date of weaning and date of next estrus were used to calculate
wean-to-estrus interval (WEI; Table 1).

Image collection and structural trait measurement

Digital video recording of sows were made using SJ4000 SJCam cameras at day 30, 60, 90,
and 100 during their first parity gestation (P1D30, P1D60, P1D90, and P1D100,
respectively), weaning of their first parity (P1Wean), day 57 and 100 of second parity
gestation (P2D57 and P2D100, respectively), and weaning of their second parity (P2Wean).
A camera was fixed on a tripod to capture a side profile video, and a second camera was
positioned above the front and back feet of the sows on the same side of the body.

Images were generated from the videos using VideoPad Video Editor (NCH). One
image of the side profile of each sow was captured when the sow was in a natural stance with
her body straight, feet even with each other, and head facing forward. One image of each foot
was also captured. Side images were undistorted using GML Camera Calibration.

ImageJ software (NIH) was utilized to measure distances and angles on the images
from each sow at each time point (Table 2). From the side view, distance between the back of
the knee and the front of the hock (KH), body length horizontally across the center of the
sow (BL), body depth measured vertically at the shoulder (BDS) and flank (BDF), knee
angle (KA), hock angle (HA), front pastern angle (FP), back pastern angle (BP), and rump-
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slope angle from the point of the back to the center of the tail head and straight down (RS)
were measured. The front side of the leg was measured to generate KA, HA, FP, and BP
following the procedure described in Stock et al. (2017). The length of the medial and lateral
toes on both the front and back foot from the hairline to the tip of the toe and the distance
between medial toe tip and lateral toe tip on both the front and back foot (TSF and TSB,
respectively) were measured from the foot top images. The difference in length between toes
was calculated by the absolute value of the medial toe length minus the lateral toe length for
each foot (TDF and TDB for the front and back foot, respectively). A known distance was
measured to set the scale for all length measurements.

Statistical Analysis

The effect of diet on structural traits and changes in these traits over time were evaluated
using a generalized linear mixed model (Proc GLIMMIX, SAS V 9.2, SAS Inst, Cary, NC).
A Gaussian distribution with the default variance function of 1 was utilized. The model
included fixed effects of cohort, diet, time point, and the interaction of diet and time and
random effects of sire and pig nested within diet (to account for repeated measurements on
each sow). The Tukey adjustment was used to assess pairwise comparisons of time points and
diets. While not significant for every trait, diet and the interaction of diet and time were
important for some traits. Therefore, they were included in the model for all traits for
consistency. Heritability was calculated using a sire model, where the sire variance was
multiplied by four and divided by the sum of the sire, pig nested within diet, and residual
variance estimates.

The effect of structural traits on sow productivity traits were assessed with general
linear models (JMP V 11, SAS Inst, Cary, NC). Separate models were fit for each production
trait and structural trait combination. Structural trait measurements taken prior to farrowing
of P1 were tested for their effects on LFI, LWL, TNB, NBA, PM, SB, MUM, TBW,
adjTWW, and WEI in P1. Structural trait measurements taken between farrowing of P1 and
P2 were tested for their effects on the same traits in P2. Cohort was included as a fixed effect
in all models.

Associations between RS, development diet, P1 LWL, and P2 TNB, NBA, and TBW
were assessed with general linear models (JMP V 11, SAS Inst, Cary, NC). Diet and cohort
were included as fixed effects in models to determine diet effects on P1D30, P1D60, and
P1D90 RS and P1 LWL. Models containing diet, cohort, and RS at P1D30, P1D60, or P1D90
were also utilized to determine diet and RS effects on P1 LWL. Diet, P1 LWL, and cohort
were included as fixed effects in models to investigate their effect on P2 TNB, NBA, and
TBW as well as P2D100 RS.

Results and Discussion

Structural changes over time

Time had a significant effect on all structural traits (P < 0.01; Table 3); however, the pattern
of change varied between traits. In general, TSF and TSB significantly increased until
P2D57, then plateaued (Figure 1). Front pastern angle decreased over time, though a plateau
occurred between P1D90 and P2D57, while BL, BDS, and BDF increased during gestation
and then decreased after farrowing (Figure 2). The most obvious determining factor for
changes in depth at the flank is gestational stage, but this does not explain the change in body
length. The opposite pattern was observed for KA, HA, and BP, which decreased during
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gestation then increased between P1Wean and P2D57 (Figure 3). These joints seem to get
more flex as they must support more weight as the litter grows, then straighten back up once
the extra litter weight is gone. No clear direction or pattern was observed over time for the
remaining traits. Future analysis of serial measurements beyond parity 2 will further clarify
the impact of physical maturity on the traits that seemingly changed linearly with time.

Effect of developmental diet on structure traits

Developmental diet did not have an effect on most structural traits measured (P > 0.1; Table
3). Body size traits (BL, BDS, and BDF) and RS were the exception, with significant (P <
0.01; BDS, BDF, RS) or suggestive (P < 0.1; BL) diet effects. Diet by time interactions were
present for BDS and BDF (P < 0.05) and suggestive for KH (P < 0.07). These interaction
effects occurred because the diet effect decreased as the time interval between application of
the dietary treatments and measurement recording increased. In all cases when significant
differences were present, RES differed from STD and HL, indicating dietary energy, but not
lysine content was responsible for the observed differences.

Heritability

Heritability estimates for structural traits were low to moderate (Table 4). Rump slope was
the most heritable (h2 = 0.34), while TDF and TDB were the least heritable (h2 = 0.05 and
0.07, respectively). Body length, BDS, and leg angle traits (KA, HA, FP, and BP) expressed
intermediate heritability, while BDF and toe traits (TSF, TSB, TDF, and TDB) were the least
heritable.

These heritabilities are preliminary estimates based on a small number of sows and
sires. Increased numbers and fitting an animal model that considers the covariance structure
between the repeated measurements would improve the accuracy of the estimation. Due to
the large effect of time on all traits, it would be valuable to estimate and compare heritability
between the individual time points once sufficient data are generated to provide more reliable
estimates. Likewise, repeatability will be calculated when increased observation numbers
allow more accurate estimates. However, these traits have not yet been studied in depth, and
these results show that selection on structural traits is likely feasible and that continued study
is worth pursuing.

Association of structural traits with sow productivity

Significant associations existed between several combinations of structural and production
traits (P < 0.05). Rump slope at P1D30 and P1D90 was significantly correlated with P1 LWL
(P < 0.02) and at P1D60 was suggestively correlated with P1 LWL (P < 0.06). Sows with
greater RS lost more weight than sows with lesser RS. This effect may be connected to
development diet, as sows fed HL had greater RS at P1D30 and P1D60 than sows fed RES
(P < 0.02). Furthermore, sows fed RES had significantly less LWL in P1 than sows fed HL
(P < 0.01). However, when both diet and RS at P1D30, P1D60, and P1D90 were included in
the model, diet no longer had a significant effect on P1 LWL (P > 0.1). In P2, TNB, NBA,
and TBW were significantly associated with P2D100 RS (P < 0.01). Lesser RS was
favourable for each of these traits. While diet had a significant effect on P2D100 RS (P <
0.03), it was highly insignificant for P2 TNB, NBA, and TBW (P > 0.9). Likewise, P1 LWL
did not affect P2 TNB, NBA, or TBW (P > 0.3), so this effect of RS appears to be
independent of both diet and P1 LWL. Several associations also existed between body size
traits and PM and SB across both parities (Table 5), and TSB at P1D60 and P1D100 and TSF



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.739

at P1D100 were significantly associated with SB in P1 (P < 0.02). While not quite
significant, there was a suggestive effect (P < 0.09) between TSB at P2D57 and P2D100 and
SB in P2 (Table 5). Smaller body size and toe spacing were desirable for all significant (P <
0.05) and suggestive (P < 0.1) associations. Smaller body size may reduce SB through
improved fitness and stamina during farrowing as well as decrease PM through reduced
piglet crushing. However, there is no obvious biological connection between toe spacing and
SB.

Conclusion

Sow structural traits change with life stage and gestational status. Moderate heritability
estimates observed for most traits indicate potential for improvement through selection,
though environmental factors seem to play a large role, particularly in toe traits. Energy
density of the diet during gilt development is one environmental factor with potential impacts
on sow structural traits, most notably body size traits and RS. Phenotypic associations were
observed between structural and production traits. Further study is needed to better
understand how genetics influences sow structure, determine optimal trait values to optimize
sow production and welfare, and develop strategies for selection to improve structure in
sows.

Table 1. Production trait abbreviations and descriptions
Abbreviation Description

LFI Lactation feed intake

LWL Weight loss during lactation

MUM Number of mummified piglets

NBA Number of piglets born alive

PM Pre-weaning mortality

SB Number of stillborn piglets

TBW Total litter birth weight

TNB Total number of piglets born

TWW Total litter weaning weight

adjTWW TWW adjusted for piglet age

WEI Wean-to-estrus interval
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Table 2. Structure Trait abbreviations and descriptions
Abbreviatio
n

Description

BDF Body depth vertically at the flank
BDS Body depth vertically at the shoulder
BL Body length horizontally across the center of the sow
BP Back pastern angle
FP Front pastern angle
HA Hock angle
KA Knee angle
KH Distance between the back of the knee and the front of the hock

RS
Rump-slope angle from the point of the back to the center of the tail head and straight
down

TDB Difference in length between medial and lateral back toes
TDF Difference in length between medial and lateral front toes
TSB Distance/space between medial and lateral back toe tips
TSF Distance/space between medial and lateral front toe tips

Table 3. Effect of diet, cohort, and time on structural traits.
Trait Diet1 Cohort1 Time1 Diet*Time1

Knee to Hock Distance 0.88 <0.01 <0.01 0.06
Body Length 0.06 <0.01 <0.01 0.37
Body Depth Shoulder <0.01 <0.01 <0.01 0.01
Body Depth Flank <0.01 <0.01 <0.01 0.03
Knee Angle 0.48 0.03 <0.01 0.52
Hock Angle 0.62 <0.01 <0.01 0.11
Front Pastern Angle 0.48 <0.01 <0.01 0.37
Back Pastern Angle 0.91 <0.01 <0.01 0.81
Rump Slope <0.01 0.30 <0.01 0.40
Distance Between Front Toes 0.24 0.33 <0.01 0.27
Front Toe Length Difference 0.91 0.32 <0.01 0.29
Distance Between Back Toes 0.94 0.44 <0.01 0.49
Back Toe Length Difference 0.61 0.40 <0.01 0.15
1P-values for fixed effects evaluated using generalized linear mixed models (Proc GLIMMIX, SAS V 9.2,
SAS Inst., Cary, NC). The models included random effects of sire and pig nested within diet.
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Table 4. Number of observations, phenotypic variance, and heritability of structural traits.

Trait N
Phenotypic
Variance

Heritabilit
y

Knee to Hock Distance 1242 6.20 0.30
Body Length 1242 5.53 0.32
Body Depth Shoulder 1242 0.81 0.20
Body Depth Flank 1242 0.98 0.15
Knee Angle 1242 40.49 0.19
Hock Angle 1242 43.72 0.30
Front Pastern Angle 1242 60.47 0.17
Back Pastern Angle 1242 50.70 0.21
Rump Slope 1242 30.37 0.34
Distance Between Front Toes 1060 0.28 0.11
Front Toe Length Difference 1061 0.03 0.05
Distance Between Back Toes 1056 0.15 0.17
Back Toe Length Difference 1056 0.02 0.07
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Table 5. Effect of body size traits and distance between toes on pre-weaning mortality and
number of stillborn piglets in parity 1 and 2

Structure Trait Time1
P1 Pre-weaning
Mortality2

P1 Number Stillborn2

Body Depth Flank

P1 D30 0.04 0.10

P1 D60 0.03 0.04

P1 D90 0.98 0.04

Body Depth
Shoulder

P1 D30 0.48 0.01

P1 D60 0.09 0.01

P1 D90 0.37 <0.01

Body Length

P1 D30 0.53 0.01

P1 D60 0.13 0.49

P1 D90 0.52 0.03

Front Toe Spacing

P1 D30 0.63 0.67

P1 D60 0.14 0.87

P1 D100 0.21 0.01

Back Toe Spacing

P1 D30 0.40 0.12

P1 D60 0.78 0.02

P1 D100 0.39 0.02

Structure Trait Time1
P2 Pre-weaning
Mortality2

P2 Number Stillborn2

Body Depth Flank

P2 D57 <0.01 0.13

P2 D100 0.27 0.58

Body Depth
Shoulder

P2 D57 <0.01 0.06

P2 D100 0.73 0.84

Body Length

P2 D57 0.02 0.02

P2 D100 0.06 0.67

Front Toe Spacing

P2 D57 0.12 0.37

P2 D100 0.60 0.61

Back Toe Spacing

P2 D57 0.80 0.09

P2 D100 0.69 0.09
1P1 = parity 1; P2 = parity 2; D30 = day 30 of gestation; D57 = day 57 of gestation; D60 = day 60 of
gestation; D90 = day 90 of gestation; D100 = day 100 of gestation
2P-values calculated with a general linear model (JMP V 11, SAS Inst., Cary, NC). The model also included
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cohort as a fixed effect.
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Figure 1. Distance (cm) between front (TSF) and back (TSB) toes over time

Figure 2. Body depth at the shoulder (BDS) and flank (BDF) over time
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Figure 3. Knee (KA) and hock (HA) angles over time
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